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ABSTRACT

In this paper, new topology is proposed that can dramatically reduce the converter power rating and increase the
efficiency of total PV system. Since the output voltage of PV module has very wide voltage range, in general, the DC/DC
converter is used to get constant high DC voltage. According to analysis of PV characteristics, in proposed topology, only
20% power of total PV system power is needed for DC/DC converter. DC/DC converter used in proposed topology has flat
efficiency curve at all load range and very high efficiency characteristics. The total system efficiency is the product of that
of converter and that of inverter. In proposed topology, because the converter efficiency curve is flat all load range, the
total system efficiency at the low power range is dramatically improved. The proposed topology is implemented for
200kW PCS system. This system has only three DC/DC converters with 20kW power rating each other. It is only one-third

of total system power. The experiment results show that the proposed topology has good performance.
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1. Introduction

Renewable energy resources will be an increasingly
important part of power generation in the new millennium.
Besides assisting in the reduction of the emission of
greenhouse gases, they add the much needed flexibility to
the energy resource mix by decreasing the dependence on
fossil fuels. Due to their modular characteristics, ease of
installation and because they can be located closer to the
user, PV systems have great potential as distributed power
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source to the utilities.

This paper deals with new topology of grid connected
PV PCS. In Chapter 2, the comparison to the several
topologies is fulfilled. In chapter 3, PV characteristics are
described. In chapter 4, new topology is proposed and
analyzed from the point of view of power rating and
efficiency. In the chapter 5, the implementation and
experimental data are presented to prove the usefulness of
the proposed topology.

2. General Topology for PV PCS

Figurel shows the general topologies of photovoltaic
PCS. Figurel (a) consists of inverter and line frequency
transformer. In general, PV module has wide voltage
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variation range. The output voltage of inverter is restricted
by the lowest PV input DC voltage. Therefore, the output
voltage of inverter is much lower than grid voltage. To
increase the output voltage of inverter is used the low
frequency transformer. The advantage of this topology is
simple. The disadvantage is very heavy and huge because
of large line frequency transformer and the inverter power
switches like IGBTs with large current ratings are needed
to get designed power rating because of low output
voltage of inverter. The large current is also not good for
the system efficiency.
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Fig. 1 The topologies of photovoltaic PCS

The topology that overcomes the disadvantages of
Figure 1(a) using high frequency transformer is shown in
Figure 1(b). In this case, at first, PV DC input voltage is
boosted to the constant dc voltage by DC/DC converter
and then the inverter generates the grid voltage using
boosted high constant dc voltage. In this topology, the
system size, cost and weight can be reduced dramatically
because the high frequency transformer is used, and
because DC input voltage of inverter is high enough to
directly generate the grid voltage, the current rating of
power switches of inverter is much lower than that of the
power switches of Figure 1(a). But this system has also
disadvantages. For high efficiency, DC/DC converter with
very high efficiency is needed. Because the power rating
of DC/DC converter is the same as that of total system, for
high power system, DC/DC converter has also high power
rating. The PV PCS using non-isolated converter is shown

in Figure 1(c). This topology is very simple because the
transformer for isolation is not used. In recent, this type
PCS is popular because of small system size, high
efficiency and low cost. The disadvantages of this
topology are the same as those of Figure 1(b) topology.
Figure 1(b) and Figure 1(c) system have many advantages
but it is not good for high power PCS system because the
converter power rating must be the same as the total
system power.

3. Characteristics of PV Modules

The output characteristic of PV cell is affected by
irradiation and operating temperature. Figure 2 shows the
PV output characteristics of PV module. At the constant
temperature, if the irradiation is increased, the output
power is increased. At the constant irradiation conditions,
if the temperature is decreased, the output power is
increased. It can be seen in figure 2 that the output voltage
of PV module should be controlled in appropriate level to
obtain maximum power from PV module. We call it as
maximum power point tracking (MPPT). Another
characteristic of PV module is that at the low output
voltage, the output power is reduced significantly even if
the irradiation is high. To connect the output of PV PCS to
the grid, PV PCS must generate higher voltage than that of
grid. In the Figure 2, it can be seen that the output voltage
varies wide voltage range according to irradiation and
temperature. Therefore to connect PV PCS to the grid,
some technique is needed to increase the output voltage of
PV PCS like boost transformer, DC/DC converter to
increase the input DC voltage of inverter.
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Fig. 2 Characteristics of PV module
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4. New Topology for PV PCS

In general, since the lowest voltage of PV module is
lower than required voltage to connect to the grid directly,
there is always some difference between the PV module
output voltage and the required DC link voltage. In the
other point of view, to obtain the required DC link
voltage, it is possible if this difference voltage is added to
the PV module output dc voltage. Figure 3 shows the new
proposed topology to get high DC link voltage. The small
isolated dc/dc converter generates only the difference
voltage between the PV module voltage and the required
DC link voltage of inverter. Therefore, since DC/DC
converter must not generate the whole required voltage in
the proposed topology, the required power capacity of
DC/DC converter is reduced dramatically. Since the
output side of proposed DC/DC topology is connected in
series with PV module, the current is flowing through
DC/DC converter and PV module commonly.
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Fig. 3 Proposed topology for PV PCS

Figure 4 shows the concept of the proposed topology.
The DC link power is described as follows

Poc = Vocloe = Veloe + Veulpe
= Pc+ Prupc

1)

Where P. is converter power, Pranc is PV power on the

DC link side. The ratio of the sharing power of converter
is the ratio of the converter output voltage, V. and DC link

voltage Voc. The larger the difference between PV module

output voltage and the required DC link voltage is, the
larger the converter power is. The closer PV module
output voltage is to the required DC link Voltage, the
power of converter is reduced rapidly.

In Figure 2, cyan line means the required converter

power. The maximum power point of converter is at the
maximum operating temperature point and maximum
irradiation point. The required maximum converter power
can be calculated as follows

P PHTM

IDCTM =
DC

Pec = Incru(Voc — Veur) V)
VDC - VPHT M

Dc

= PPHTM

Where Verm is the PV module output voltage at the
maximum operating temperature, Prrmy is PV module output

power at the maximum operating temperature.
The developed PV PCS specifications are as follows

MPPT range : 450V~850Vnc,

Max. operating Temperature of PV module : 80°C,
Required DC link voltage of inverter : 650V,
The output voltage of inverter : 380Vac,

Rated PCS power = 200kW.
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Fig. 4 Explanatory diagram of the proposed topology
(a) main block diagram, (b) input/output block diagram,
(c) the concept of the proposed topology

Using above equations and specifications, the maxim
power of converter is obtained as follows
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Verm = 470V (from Figure 2 at Max. Temp), Where ns is total PV PCS efficiency, »; is inverter
Peurm = 145kW(from Figure 2 at Max. Temp), efficiency. Figure 6 shows the topologies for high power
650V - 470V PV PCS. Figure 6(a) uses the large low voltage

Pe = 145kW ———— = 40.15kW )
650V transformer because there is no DC/DC converter. In

general, high power DC/DC converter with 200kW power
rating is very difficult to make. But using proposed
topology, the implementation of converter with high

This converter power is only 20% of the required PCS power.
In the proposed topology, the required converter power is
dramatically reduced. The efficiency flow diagram is shown in
figure 5. Figure 5(a) shows the efficiency flow of conventional
topology. The total efficiency is the product of efficiency of

efficiency is easy since small power capacity of converter
is required.

converter and that of inverter. Therefore, the total efficiency is e sremawm o RASFORIERS | ——]
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5. Experimental Resuits
MODULE[WL_‘X g;ncygnrfgyr dnverer t:%ou;%gm The proposed system is implemented as shown in figure
7. Three DC/DC converters with 25kW power capacity
each other are used to boost DC voltage. The
MoPnYJLEJ;\ﬂ[ o | efdensy J:Dou’?gur specifications of DC/DC converter are as follows
(b) Input voltage range : 450V~850V
Fig.5 Efficiency flow diagram Output voltage range : 0~200V
(a) conventional DC/DC converter + inverter One module power : 25kW
topology, (b) proposed topology Max. output current of module : 130A
Total max. output current : 390A (130A x 3)
In small power sharing region at the DC/DC converter, Total converter power : 75kW(25kW x 3).
the most power is directly provided by PV module to the
load, the total efficiency of proposed converter is very D s He H g 1
high. The total PV PCS system efficiency is described as E 28| | 223 (345 1, :
follows § . ‘l %’5% :
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Fig. 7 System diagram of 250kW grid connected PV PCS
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The specifications of PV PCS system are as follows

Rated Power : 250kW

MPPT range : 450V ~ 850V

Output Volitage : 380Vrms

Minimum DC link voltage of inverter : 650V

(b)
Fig. 8 Implemented PV system with the proposed topology
(a) DC/DC converter, (b)inverter

Figure 8 shows the implemented system with the
proposed topology. This system has three DC/DC
converters. This proto type has low voltage transformer. In
proposed system, the low voltage transformer is option
since the DC link voltage of inverter is high enough to
provide the higher ac voltage than that of grid. Some power
company requires the isolation transformer. In low power
PV PCS system, non-isolated PV PCS system is used
widely because that system is small and cheap.

The efficiency of proposed DC/DC boost topology is
shown in Figure 9. Blue line is the efficiency curve of the
small DC/DC converter. The red line is total efficiency of
the proposed converter topology. We can see that the

efficiency curve is flat for all load range. In figure 9, x-
axis means the PV module output voltage. If PV module
output voltage is high, the power sharing of DC/DC
converter is low, i.e. the DC/DC converter is in the light
load state. If PV module output voltage is low, the power
sharing of DC/DC converter is high because the voltage
difference between target DC link voltage and PV module
voltage is large, i.e. the DC/DC converter is in the heavy
load state. In general, at light load state, the efficiency is
low. At heavy load state, that is high. But as explained
before, the total efficiency is flat with no relation to the
load state of converter.
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Fig. 9 The experimental results of proposed converter
(a) waveforms of proposed converter
(b) Efficiency map of proposed converter
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Figure 10 shows the inverter output current(red line)

and grid voltage(blue line) waveforms. The output power
of PCS is 100kW, THD of line currents is 3.8%.

Fig. 10 Experimental waveforms (blue : grid voltage,100V/div,
red ; inverter output current, 200A/div)

Figure 11 shows the total system efficiency curve.
Using general DC/DC converter, the total efficiency is
very low at the low load condition. But using the proposed
converter topology, the total efficiency of inverter/converter
system is very high in spite of low efficiency of general
DC/DC converter.
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Fig. 11 Experimental total system efficiency curve

6. Conclusions

In this paper, new topology for PV PCS was proposed.
The proposed topology has the flat efficiency curve
throughout all load range at the converter part and the

required DC/DC converter power capacity is only 20% of
total rated power of PV PCS. The implementation burden
of high power DC/DC converter is low. Therefore the
proposed topology can be applied to all power rating PCS.
Since DC link voltage can be boosted enough to provide
the AC voltage higher than that of grid using the proposed
topology, the current rating of IGBT is half of that of
conventional PCS with low DC link voltage. It was shown
that the proposed topology had good performance through
experimental results,
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