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Design of a control scheme for applying DC power sources to a distribution system
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Abstract - A common DC bus is a useful connection for several
DC output sources such as photovoltaic (PV), fuel cells, and batteries.
Operation of the common DC power system with more than two DC
output sources, especially in a stand-alone mode, requires a control
scheme for the stable operation of the system. In this paper, a
control scheme has been developed for applying DC power sources to
the distribution system. The purpose of the control scheme is to
make the best use of the DC power sources. The DC power system
consists of PV, two energy storage systems and a DC-AC inverter
with the control scheme. A distribution system was modeled in
PSCAD/EMTDC.

As the results, the control scheme is applied to the DC-AC
inverter and the DC-DC converter for transfer operations between the
grid-connected and the stand-alone mode to keep the DC bus and
the AC voltage constant. The results from the simulation demonstrate
the stable operation of a grid connected DC power system.

1. Introduction

The increasing energy demand, fast depletion of fossil fuels, along
with environmental concerns and the emergence of new electricity
market have attracted an interest in renewable energy sources (RES)
[1]. In particular, a DC output type RES such as photovoltaic (PV)
power generation system and energy storage system (ESS) have
been widely used. The DC output type units can be interfaced to a
common DC bus with fewer stages of power conversion which can
potentially lead to a simpler implementation compared with AC-based
integration. A DC bus voltage regulation has to be included in the
control algorithms in DC power system and an effective control
scheme of the DC power system in distribution system has to be
developed as well [2-4].

In this paper, an effective control scheme for applying DC power
sources to the distribution system was presented. The DC power
system consists of a PV power generation system and ESS
connected in parallel to a common DC bus through the DC-DC
converters. The common DC bus is connected to a distribution
system through a DC-AC inverter which has both the grid-connected
and the stand-alone mode. The regulating function of the DC bus
voltage in the stand-alone mode and the AC voltage in the
grid-connected mode were developed in the control scheme. The DC
power system and the distribution system with the control scheme
were modeled, simulated and verified using PSCAD/EMTDC.

The control scheme can ensure smooth interchange of the operation
modes and keeps the DC bus and the AC voltage constant. The
simulation results are presented and discussed in detail.

2. Configuration of a distribution system

The circuit diagram for DC power sources connected to the
distribution system shown in Fig. 1. The systems consist of a PV
power generation system 6°EA, ESS 2°EA, an DC-AC converter,
load, and utility grid. The DC-AC inverter and ESS DC-DC
converters are operated in both grid-connected and stand-alone mode.

In the case of the grid-connected mode, the output power of the
DC power system is less than a load. The DC bus voltage is
regulated by the DC-AC inverter. However, when the DC power
system operates in the stand-alone mode, the DC bus voltage can be

regulated by the ESS. The magnitude and frequency of the AC bus
are controlled by the DC-AC inverter. The specifications of the DC
power sources are shown in Table 1.
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<Fig. 1> Circuit diagram of the DC power sources
connected to the distribution system

<Table 1> Specifications of the DC power sources

Items Rated power Number Total spec.
PV 17 kW 6 EA 102 kW
ESS 50 kWh 2 EA 100 kWh

Inverter 100 kW 1 EA 100 kW

Trans. 500 kVA 1 EA 229 /038 kV

3. Design of a control scheme

3.1 DC-AC inverter control

Fig. 2 shows a control block diagram of the DC-AC inverter. The
DC bus voltage was kept constant by the voltage controller in the
grid-connected mode. In the stand-alone mode, the magnitude and
frequency of the AC bus were controlled by the AC voltage
controller.
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<Fig. 2> The control block diagram of DC-AC inverter

3.2 DC-DC converter control for ESS

The control block diagram of the ESS DC-DC converter is shown
in Fig. 3. In the grid-connected mode, the mode select signal is
connected to power control. In the stand-alone mode, the DC bus
voltage was kept constant by the voltage controller performed using
the one ESS. The other ESS was operated by the power control.

- 1056



DC]mk

velta oc control \
-

Current PWM
control Modulation

Mode select signal

<Fig. 3> The control block diagram of ESS DC-DC
converter

3.3 DC-DC converter control for PV
The PV is connected to the DC bus using a DC-DC converter. As

shown in Fig. 4, the PV power generation system normally uses
MPPT control mode to extract the maximum solar power.

v L
v wef Current PWM
MPPT control _:_?+Q_ control Modulation
Vv Iy

<Fig. 4> The control block diagram of PV DC-DC converter

4. Simulation and the results

For confirming the stable operation of the DC power system in the
distribution system, the simulation results of grid, inverter, DC bus
voltage, and power of each part are investigated. The gird and
inverter voltages are illustrated in Fig. 5 and 6. The inverter kept the
AC voltage to the load under the stand-alone mode. Fig. 7 and 8
present the power of each part with PV and load variation. The grid
connected mode is changed to disconnected grid for stand-alone mode
at 0.5 s.
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<Fig. 5> The inverter and grid voltage in mode changed
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<Fig. 6> The inverter and grid voltage in mode changed
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<Fig. 7> The power of each part with load and PV
variations
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<Fig. 8> The DC bus voltage and power of ESS

The Table 2 shows the simulation scenarios in detail.

(Table 2> The simulation scenario

Items 0.5s 1s 2s 3s 4s 5s 6s s
Loud 30 30 30 70 100 | 100 35 35
oa KW | kW | kW | kW | kW | kW | kW | kW
v 0 0 50 50 50 100 | 100 35
KW | kW | kW | kW | kW | kW | kW | kW

_ 30 +30 | -20 | +20 | -50 0 -50 0
o KW | kW | kW | kW | kW | kW | kW | kW

0 0 0 0 0 0 -15 0

ESS2

KW | kW | kW | kW | kW | kW | kW | kW

Grid 0 X X X X X X X

5. Conclusions

In this paper, a control scheme has been developed for applying DC
power sources to the distribution system. The control scheme
including the regulating function of DC bus voltage in stand-alone
mode and AC voltage in grid-connected mode were developed and
applied to the DC-AC inverter and DC-DC converter.

The control scheme were verified through a software simulation
using PSCAD/EMTDC. The results show that the DC power systems
were stably operated in connection with a distribution system. The
results will be used for applying DC power sources to a distributed
system in the near future.
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