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1 Introduction 
The European R&D project Direct Current Components + Grid (DCC+G) aims to 
develop innovative power semiconductors and products using them to increase the 
energy efficiency of commercial buildings. Hereby the partners of the project aim to 
contribute to the realization of the European Commission target that all new buildings 
in the EU shall be constructed as zero-energy buildings latest 2021 [1]. Examples of 
such buildings illustrate that electricity will replace fossil fuels in many energy related 
processes of such buildings[2]. Thus the cost effective and energy efficient use of 
electricity in buildings is an import area for technical innovations in the 21st century. 
 
A 2-phase low voltage direct current (DC) grid with supply voltages of ±380 VDC offers 
benefits compared with a 3-phase 400 V AC grid supply and thus are used internally in 
many modern electrical appliances. Electricity from a DC supply can be controlled 
more flexible, with higher performance and efficiency, at lower cost than from AC 
electricity sources.  
 
The hard aims of the research and development project are to show that the use of 
direct current has advantages for certain loads compared to alternating current. This 
applies especially for the use of distributed regenerative energy generators like solar 
panels, local wind turbines and micro CHP units. Therefore, the goal is to show that 
the use of direct current reduces the whole power demand by 5 % while the cost for 
the use of solar electricity is reduced by 7 %.  
 
For the feasibility test of the project, an office and an industrial building have been 
selected as experimental platforms. Here it is of interest that common electric loads in 
these types of buildings, e. g. lighting, HVAC and information technology, mostly need 
direct current. Especially when transmitting DC electricity from photovoltaic power 
systems into DC operated applications power losses of solar inverters and application 
rectifiers can be reduced. 
 
The following report documents the final setup of the realized office building 
demonstrator. All components were delivered and commissioned at the test bed side 
and together with Energy Monitoring system different use cases to proof the efficiency 
gain for the DC supply can be evaluated. Detailed descriptions concerning the build-up 
of the office building demonstrator and the test protocols can be found in D 4.2.1 [3] 
and D 4.3.1 [4]. 
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2 REALISED DC TEST GRID 
Figure 1 shows a schematic of the DC test grid that is realized for the test period of 
the DCC+G project at the Fraunhofer Institute for Integrated Systems and Device 
Technology (IISB) in Erlangen. The aim of the test period is to evaluate the 
components and products that have been developed by the project partners within a 
generic system. The source components include a so-called power rack from Emerson 
Network Power, which contains two 15kW rectifiers and a 15kW DC/DC-Converter 
with Maximum Power Point Tracking capability, two 250W PV panel integrated 
DC/DC-Converters from Heliox and a 3kW Micro-CHP unit delivered by MTT. The DC 
loads include LED luminaires from Philips and fluorescent luminaires with modified 
lamp drivers in the order of 3kW, isolated DC/DC-Converters from MeanWell 
interfacing the 24V nanogrids for IT-Equipment in the magnitude of 2kW and a 10kW 
unidirectional electric vehicle charger from Heliox. In addition to these load modules a 
programmable load that has a power feed-back capability in the order of 10.5kW can 
be added to the grid in case the infeed of the source modules is outrunning the total 
load of the grid and to ensure a high-efficient operating point for the Emerson Power 
Rack. A more detailed description of the test grid and the components can be found in 
D 4.2.1 [3]. 
 
 

 
Figure 1: System Components of DC Test Grid at Fraunhofer IISB 

All the mentioned components have been delivered to the test bed side and have been 
commissioned separately and in a generic system. The commissioning of each 
component is outlined in the following sections. 
 
To measure the possible efficiency gain when using a DC supply compared to a 
conventional AC distribution, an energy monitoring system was included. All grid 
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feeders originate in the DC distribution cabinet described in [4] and visible with the 
dashed line in Figure 1. Therefore, the DC metering points are located on each DC 
feeder leaving the DC distribution cabinet. These points are easily accessible over 
measuring terminals for voltage and current inside the cabinet. 
 
AC metering points are located on each AC connection that enters or leaves the 
distribution cabinet. These meters are highlighted with red circles in Figure 2. In detail 
the AC input of the Emerson power rack and the AC outputs of the two solar inverters 
and the electronic load are monitored. In addition to that, an equal number of lights 
and the same amount of IT devices need to be monitored on the AC side to compare 
the efficiency of installations with AC and DC grids. In case of the lighting grid, the AC 
energy monitoring that is used to measure the AC power input and output of the DC 
distribution cabinet is used to monitor a comparable number of AC driven lights.  
 
The distribution of AC and DC metering points in the grid is displayed schematically in 
Figure 2. For the reason of simplicity, the AC metering points for the lighting 
infrastructure and IT-Equipment are not displayed. The DC metering for the Emerson 
15 kW MPP Tracker is also missing intentionally, because the device shares a 
common server rack with the Emerson central rectifier. This rack has only one DC 
output to the central DC bus. The infeed out of the solar panels and the AC grid is 
controlled internally. 
 

 
Figure 2: Distribution of AC and DC metering points in the DC test grid 

2.1 Lighting Installation 
The lighting installation comprises DC LED luminaires as well as modified fluorescent 
luminaires of which the drivers have been modified manually to work with 380 VDC 
instead of 230 VAC. In total, 26 DC driven fluorescent luminaires are installed, each 
with a nominal power of 98 W, making a total nominal power of 2548 W. A typical 
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office room equipped with fluorescent light bands can be found in Figure 3. The office 
rooms in the test bed building usually contain two light bands with an equal number of 
lights. To make a comparison between AC and DC simple, one light band was left 
unchanged as an AC supplied load, while the other light band was modified for DC 
supply. The number of AC and DC light bands was selected to be equal. 
 

 
Figure 3: Fluorescent light band in a test bed office room 

Two different kinds of DC driven LED lights were included in the test grid. First, to 
illuminate a floor of the test bed building, Philips Lux Space down lights were attached. 
Each downlight has a nominal power of 25 W and in total, there were 12 of such lamps 
installed, making a total power of 300 W. The floor with the DC fed downlights can be 
observed in Figure 4. 
 

 
Figure 4: Floor at test bed building with DC LED downlights 
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The second kind of LED lights which are installed in the office test bed building are 
luminaires which are comparable to the fluorescent lights concerning light colour and 
illumination level. Again, to make a comparison between AC and DC supply simple, 
two light bands in a single office room were equipped with the LED luminaires. A 
picture of this installation can be found in Figure 5. 
 

 
Figure 5: Two LED light bands in a test bed office room 

To turn the lights on and off, an EIB/KNX bus system is used in the office building. 
Unfortunately, no DC relays are commercially available which can handle the selected 
DC bus voltage level. Therefore, it was necessary to develop a simple circuit, which on 
one side can utilize the signal coming from the EIB/KNX AC relays to turn the lights on 
and off and on the other side is able to actively limit the inrush current of the lamp 
drivers, induced by the input capacitors. The solution for this task was to use a 
MOSFET and operate it in its linear operational area during the inrush period. A 
schematic of the circuit can be found in Figure 6. 

 
Figure 6: Schematic of low-side DC lighting switch 
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As can be seen, the MOSFET switch with its control and driver circuitry is located on 
the low side of the light load. To simplify the installation, 6 lighting switch channels 
were layouted on a printed circuit board and installed inside the electrical 
subdistribution of the test bed building. 
 

 
Figure 7: 6 Channel DC lighting switch board 

All in all, the lighting installation has a total nominal load of roughly 3 kW. Fluorescent 
and LED lights are monitored separately as described in [4]. 
 

2.2 EMERSON POWER RACK 
The main power source of the DC test grid is the interface to the AC mains provided by 
two 15 kW rectifiers from Emerson Network power. The two devices are located in a 
server rack with 24 HU. A picture of the power rack inside the DC laboratory can be 
found in Figure 8.  
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Figure 8: Emerson Power Rack inside the DC laboratory 

 
Additionally to the two rectifiers, the Emerson power rack also contains a 15 kW 
DC/DC converter with Maximum-Power-Point Tracking (MPPT) capability, which is 
used to feed the solar DC power into the DC grid. For this purpose, 42 PV modules on 
the roof of the test bed building have been rearranged to better match the specification 
of the MPPT converter. The result can be seen in Figure 9. 
 

 
Figure 9: Optimised arrangement of pv power source 

The resulting optimised configuration of the pv power source is to connect 40 panels to 
the Emerson MPPT converter and to leave to single panels for the Heliox micro MPP 
converters, which are described in one of the following sections. The 40 panels used 
by the Emerson power rack are arranged in two strings with 20 panels each. These to 
two strings are then paralleled to increase the maximum current that can be drawn out 
of the solar power source. For this kind of arrangement, a supplementary switchbox 
was manufactured by the company of E-T-A and can be seen in Figure 10. The 
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switchbox, like the DC distribution cabinet, contains mechanical circuit breakers, and 
overvoltage protection.  
 

 
Figure 10: Switchbox to interconnect pv strings 

The entire Emerson DC power rack is positioned in the DC laboratory in direct vicinity 
to the DC distribution cabinet and the energy monitoring measuring boxes, which will 
also be described in a following section. 
 
By looking at the total nominal power of the Emerson Power Rack, which is 45 kW, 
and the comparable low lighting load on the DC bus, one can see that the power rack 
will operate in part load operation in most of the times, where the efficiency is quite 
poor. Therefore, for most of the tests, one rectifier will be removed from the power rack 
to save the auxiliary power supply that would be otherwise necessary and to increase 
the efficiency of the remaining rectifier and MPPT converter. Another option is to 
artificially increase the load on the DC bus by connecting a programmable electronic 
load to the DC bus. These facts have to be kept in mind when comparing efficiency 
figures between DC and AC power supply. 
 

2.3 MICRO-CHP UNIT 
The second largest power source inside the DC test grid is the µ-CHP unit delivered by 
MTT. One big challenge for the installation of the unit was the fuel supply. The test bed 
building did not have a connection to the local gas grid, which means that an 
alternative gas supply for the unit needed to be found. It was finally agreed to use 
bottled methane gas to fuel the unit. A spot in the attic of the Fraunhofer cleanroom 
was selected to build the µ-CHP test site. The gas bottles are located in the basement 
of the cleanroom in a gas tight compartment. The compartment also contains several 
protection measures for explosion prevention and exhausting to safely operate the 
unit. The compartment with the protection unit located above it is depicted in Figure 
11. 
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Figure 11: Gas tight compartment with two methane bottles in the cleanroom basement 

 
From the gas supply in the basement, a gas pipe runs to the µ-CHP unit on the top 
floor. The gas is supplied out of the bottles under a pressure of 5 bars. The gas is 
finally relieved to 20 mbars before it enters the unit.  
 
The produced electrical power is transmitted to the test grid over a power cable with a 
length of approximately 80 meters. The µ-CHP test stand and its location in relation to 
the test bed building is displayed in Figure 12 and Figure 13. 
 

 
Figure 12: µ-CHP test stand at the top floor of the cleanroom building 
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Figure 13: Location of µ-CHP test stand 

Since the operation time of the µ-CHP unit is strictly limited by the gas bottles, the unit 
will only run for certain tests for a couple of hours. The maximum operation time of the 
unit with two bottles of methane gas is approximately 6-10 hours. 
 
According to MTT, the efficiency increase when feeding the produced electrical power 
into a DC grid compared to an AC grid is approximately 4,3 % [Ref]. This value can be 
used to calculate the loss energy, which can be saved by the use of a DC distribution 
grid. The µ-CHP unit has its own measuring point located close to the unit. This way, 
also the power loss along the cable connection to the DC laboratory can be calculated. 

2.4 MICRO-MPPT CONVERTER  
Another way to feed solar generated power into the DC test grid is introduced through 
two panel-integrated DC/DC converters with MPPT capability provided by the 
company of Heliox. 2 PV panels have been reserved for these devices as can be seen 
in Figure 9. Each converter has a maximum output power of 250 W. Both converters 
feed directly into the DC bus and are located in close vicinity to the DC distribution 
cabinet inside the DC laboratory. A picture of the two Micro-MPPT-Converters can be 
seen in Figure 14.  
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Figure 14: Two Micro-MPPT Converters provided by Heliox attached to the DC test grid 

For the comparison between AC and DC grid efficiency, data about the converter 
efficiency increase will be provided by Heliox. In consequence, the energy which can 
be saved through the utilization of a DC grid can be computed out of the measurement 
data obtained through the test period. 
 

2.5 ELECTRIC VEHICLE CHARGER 
A unidirectional coupled electric vehicle (EV) charger with a maximum output power of 
10 kW has also been provided to the office test bed by the company of Heliox. The 
charger can be controlled by simple CAN bus commands. The charging unit is 
depicted in Figure 15. 
 

 
Figure 15: 10 kW EV charging unit delivered by Heliox 
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Two different scenarios for testing the coupled EV charger at the office test bed side 
are possible. The first option is to test and evaluate the efficiency of the charger in the 
DC laboratory with an ohmic or programmable electronic load attached to the output of 
the charger. The other option provided by the DC grid infrastructure at the test bed site 
is to use the coupled charger for charging the batteries of an experimental student 
project EV, which was developed at Fraunhofer IISB. For this purpose, a DC supply 
line was drawn from the DC distribution cabinet on the second floor of the test bed 
building to the parking lot in front of the building. The location of the charging spot can 
be seen in Figure 16. 
 

   
Figure 16: DC EV charging spot location at the parking lot of the test bed building 

Like in the case of the Micro-MPPT converters, information is necessary about the 
efficiency gain that can be attained when charging the vehicle out of a local DC grid 
compared to a conventional AC supply. The possible efficiency gain can either be 
estimated by research or Heliox can provide information about how much the 
efficiency of the charging system is degraded when fed out of a conventional AC grid. 
 

2.6 24 VDC NANOGRID FOR IT APPLICATIONS    
To extend the local DC grid for further loads, a nanogrid concept to supply IT 
equipment with a nominal voltage of 24 VDC has been worked out. The nanogrid 
interfaces the 380 VDC grid through commercially available isolated DC/DC converters.   
 
To deal with different input voltages of laptops, monitors and mobile equipment, which 
in most cases lies below 24 VDC, a buck converter with variable output voltage was 
developed. The correct output voltage for each device is encoded in the plug. This 
approach allows to get rid of the individual power supplies of each device, thus 
significantly reducing clutter in office rooms. Each power socket is laid out to deliver 
100 W output power at maximum. A 24 VDC frame connector with three output sockets 
can be found in Figure 17. 
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Figure 17: 24 VDC frame connector with three 100 W output sockets 

To make a fair comparison with IT equipment that is fed out of an AC grid, the energy 
consumption is measured via handheld power meters over a certain period of time and 
is then compared with the energy consumption data obtained with the DC fed 
equipment. 
 
Currently one working place is equipped with DC fed IT equipment. The goal is to 
extend this number to 12 working places during the DCC+G test period and measure 
the energy consumption for several weeks. 
 

2.7 ENERGY MONITORING SYSTEM  
For the gathering of energy consumption data during the DCC+G test period, a 
combined AC and DC energy monitoring system was developed in close cooperation 
between Fraunhofer IISB and Siemens with the metering spots as seen in Figure 2. 
The mechanical and electrical make-up of the measurement units, which are housed in 
three 19’’ server racks, is described in detail in [3] and [4]. The rack is also housed 
inside the DC laboratory and can be seen in Figure 18. 
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Figure 18: DC monitoring units in a 19'' server rack 

 
The evaluation of the obtained energy data is done with the Siemens PowerManager 
software, to which the data is transferred. Inside the software a graphical user 
interface has been set up to monitor current power values as well as to analyse 
measurement curves and export data into Microsoft Excel.    
 
A screenshot of the graphical user interface is displayed in Figure 19. The software 
also allows to observe measurement points in more detail and provide information 
about voltage, power, current and consumed energy. An example is displayed in 
Figure 20.  
 

 
Figure 19: Graphical User Interface inside the Siemens Power Manager Software for the DC test 
grid 
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Figure 20: Several current measurement values for one metering point 

The curve progression for several values over a certain period of time which are 
recorded by the Siemens PAC 4200 measurement devices can be observed in Figure 
21.  
 
 

 
Figure 21: Measurement curve inside the Siemens Power Manager software for a PAC 4200 
measurement device 

The time stamp for the exported data can be selected between 1 and 15 minutes. This 
should lead to appropriate measurement values for the system efficiency analysis. 
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3 SUMMARY 
This report documents that the DCC+G project office building demonstrator at the 
Fraunhofer IISB institute is fully operational and equipped and provides the capability 
of conducting all necessary measurements to show the efficiency gain when using a 
DC supply grid for common office building loads compared with a conventional AC 
supply grid. The obtained measurement data during the testing period of DCC+G are 
collected with the Siemens Power Manager software and a data base and will be 
analysed and interpreted after all tests and measurements have been conducted. A 
thorough report in D 5.1.1 will document all results. 
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