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Abstract 
 

Due to environmental conditions it becomes more and 
more important to apply renewable energies and 
efficient technologies. For power injection of 
photovoltaic and fuel cell energy an inverter is needed. 
The presented modular and flexible prototype works with 
different energy sources such as photovoltaic, fuel cell 
and battery. It is possible to adjust active and reactive 
power as well as current shape separately within limits 
to improve power quality. The power electronics works 
very well and is able to convert 20 to 80VDC into 
110VAC/60Hz or 230VAC/50Hz with a high flexibility 
and efficiency. 
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1    Introduction 
 

The shortage of worldwide conventional resources 
(e.g. coal, oil, uranium, etc.) and the necessity to reduce 
the environmental impact (e.g. CO2) add bigger 
significance to renewable energy resources and its 
efficient utilization. In order to make reasonable use of 
environment-friendly produced photovoltaic and fuel 
cell energy, it is required to apply inverters. To bridge 
the time gap between production and consumption 
power injection is absolutely necessary. Decentralized 
energy production units in the range of 1kW to 10kW are 
to be used in private houses. They must be integrated in 
the existing power net properly. Due to the liberalization 
of the power markets, it becomes more and more 
important to assure improved power quality. Modern 
power electronics enable the technical realisation of such 
devices. 
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 Figure 1: Today available inverter 
 



2    State of the Art 
 

Today available photovoltaic inverters (Figure 1) tend 
more and more to higher input voltages (up to 600VDC). 
To generate an intercircuit voltage of about 350VDC a 
DC/DC converter is used. The required 230V/50Hz or 
110V/60Hz AC voltage is produced by the subsequently 
connected inverter. These inverters for injection of 
photovoltaic energy are developed only for this purpose 
and cannot fulfil future requirements. Because of this, 
the development of an adaptable inverter - input as well 
as output - was triggered. 

3    New Inverter Conception 
 

The functional prototype basically consists of the same 
components as former known photovoltaic inverters. 
Every single component indeed was optimised 
consequently. Therefore all components are tuned to 
each other. By using latest components like MOSFET 
with very low resistance, CoolMOS transistors and SiC 
diodes an efficiency of more than 92% was achieved 
despite of many extreme boundary conditions. 
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 Figure 2: Concept of inverter prototype 



 
 
The MOSFET driven input DC/DC converter consists of 
a high frequency transformer with highest efficiency. 
This approach enables the realisation of a 20V to 80V 
input voltage range. The needed voltage amplification is 
in a range from 4 to 18, which is much higher than in 
photovoltaic inverters. Because of the complete new 
calculation and construction especially of the high 
frequency transformer the efficiency of this booster is 
very high. The subsequent rectifying is done by SiC 
diodes and the following inverter is built up with 
CoolMOS transistors. Each power electronic 
components can be driven regardless to its effect towards 
others. This modularity makes it possible to connect 
different energy sources (photovoltaic, fuel cell, battery) 
to one inverter simultaneously.  
The central management is done by a small powerful 
digital signal processor which controls all inverter 
functions. The power electronic components are driven 
directly without the use of other circuits (e.g. PWM ICs). 
Measurements and data are also processed by the DSP 
and can be displayed or transmitted to a computer. The 
input and output variables are the basic criteria for 
driving the components. The variable power injection is 
enabled by the flexibility of the design. For example it is 
possible to adjust injected active and reactive power 
separately within limits. Moreover it is possible to 
specify the shape of the injected current. Both measures 
contribute to an improved power quality of the local net. 
The adjustment of the power factor and total injected 
power can be done by an external interface. Furthermore 
to satisfy minimum needs in case of power failure it is 
possible to change to an insular operating mode. 
 
4    Adaptable Input 
 

The main reasons that make it possible to realise such a 
flexible input are the common intercircuit and the 
DC/DC converter with high efficiency. The input low 
pass filter has to be designed especially for the different 
power sources. For example the maximum allowed 
current ripple is one of these boundary conditions. This 
varies in a wide range because of the different 
technologies in photovoltaics, fuel cells and storage 
batteries. The voltage adaption is made by the high 
frequency transformer. Typical operating voltages are 
65VDC for photovoltaics (power increase by parallel 
connection), 20 to 80VDC for fuel cells (power is a 
linear function of voltage) and (12,) 24, 48 or 60VDC for 
storage batteries (power increase by parallel and serial 

connection). The high frequency output of the 
transformer is rectified by SiC-Diodes with very low 
losses and then connected to the common intercircuit. 
This construction allows the combination of different 
renewable and storage technologies in one unit. The 
output DC/AC converter is designed as modular as the 
input. So it is possible to increase the power in steps 
depending on the number and rated power of the input 
power sources.  
 
5    Project Situation, Outlook 
 

At this time, the power electronics is build up, tested 
and works. The rated power is 1000W. The successfully 
tested program is implemented on the digital signal 
processor (DSP). The basic functions of the variable 
power injection from different small DC power sources 
will be optimised in the next months. In the year 2002 it 
is planned to develop the prototype to a pre-serial 
product and to start a field test. These steps are possible 
by cooperating with an industrial partner. In parallel the 
rated power will be increased up to 3.5kW. 
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