wo 2013/187521 A2 [N 000000 O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/187521 A2

(51

eay)

(22)

(25)
(26)
(30)

1
(72

74

31

19 December 2013 (19.12.2013) WIPO | PCT
International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
GOSF 1/67 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
. L DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
International Application Number: HN. HR. HU. ID. IL. IN. IS. JP. KE. KG. KN. KP. KR
PCT/IP2013/066526 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
10 June 2013 (10.06.2013) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
- ) SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Publication Language: English (84) Designated States (unless otherwise indicated, for every
Priority Data: kind of regional protection available): ARIPO (BW, GH,
2012-131619 11 June 2012 (11.06.2012) JP GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Applicant: PANASONIC CORPORATION [JP/IP]; TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
1006, Oaza Kadoma, Kadoma-shi, Osaka, 5718501 (JP). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
. . b . MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Inventors: NOSAKA, Shigekiyo. KOGA, Hisao. TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW.
Agents: HASHIMOTO, Kimihide et al.; Eikoh Patent KM, ML, MR, NE, SN, TD, TG).
Firm, Toranomon Fast Bldg. 10F, 7-13, Nishi-Shimbashi Published:

1-chome, Minato-ku, Tokyo, 1050003 (JP).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: VOLTAGE CONVERSION APPARATUS, POWER GENERATION SYSTEM, AND VOLTAGE CONVERSION
METHOD

FIG. 3 "or
<10 7n 70—
/
PV PANEL + ON/OFF [ ] wepT outPUT +
- T
PV PANEL - - +—{ ] wepT oUTRUT -
SHITCHING. CON
TROL_PORT [ON
24
2
L1 -
SUPPLY
PORTION —1 DC/DC
) PORT 0N L3
23 -
25
| /

CONTROL PORTION

ﬂ PULL-DOWN

(57) Abstract: A voltage conversion apparatus converts a voltage of an electricity generator. The voltage conversion apparatus in-
cludes a maximum power tracking portion that is adapted to output a voltage which is output by the electricity generator to an ex -
ternal device at a predetermined ratio such that an operation point of the electricity generator tracks an optimal operation point at
which power of the electricity generator reaches a maximum level, and a voltage output portion that is adapted to output a voltage
which is output by the electricity generator to the external device when the maximum power tracking portion is not being operated
normally.
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DESCRIPTION

VOLTAGE CONVERSION APPARATUS, POWER GENERATION SYSTEM,
AND VOLTAGE CONVERSION METHOD

Technical Field
The present invention relates to a maximum power point tracker

used for electricity generation such as sunlight electricity generation, and

particularly to a voltage conversion apparatus, a power generation system,
and a voltage conversion method capable of suppressing a reduction in
electricity generation efficiency.

Background Art

In recent years, sunlight electricity generation using sunlight energy
which is eco-friendly and clean energy has attracted attention. An output of
the sunlight electricity generation fluctuates depending on various
conditions such as the seasons, time zones, and weather conditions and thus
repeatedly rises and falls at all times. The maximum power point tracker
(MPPT) is known which maximizes the output by controlling a voltage and a
current at an appropriate balance.

In a centralized management method in which a plurality of sunlight
panels are controlled by a single MPPT, there are cases where, if currents of
some sunlight panels are reduced, operation points of the other sunlight
panels are aligned with operation points of the some sunlight panels, and
thus optimization of the overall outputs is difficult.

On the other hand, in a distribution method in which an MPPT is
distributedly installed in each sunlight panel, since the sunlight panels can
be optimized individually, even in a case where currents of some sunlight
panels are reduced, the overall optimization can be realized (for example,
refer to Patent Literature 1).

Citation List
Patent Literature

Patent Literature 1 JP-A-2011-107904

Summary of Invention
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Technical Problem

However, in a case of the MPPT of this distribution method, typically,
when a DC/DC converter constituting the inside thereof fails, an internal
circuit is disconnected, and thus the MPPT is bypassed. For example, in a
case where a failure occurs in an MPPT connected to one sunlight panel
among ten sunlight panels, the sunlight panel is bypassed, the entire system
is constituted by nine sunlight panels, and thus an output voltage becomes
reduced. ‘

In a case where the MPPT fails but an electricity generation
operation of the sunlight panels is normal, there is a disadvantage in that
outputs of the sunlight panels which are normally operated are wasted.

One non-limited object of the present invention is to provide a voltage
conversion apparatus, a power generation system, and a voltage conversion
method capable of suppressing a reduction in electricity generation efficiency
by preventing circumstances in which power of normally operated electricity
generator cannot be supplied to an external device even if an MPPT fails.

Solution to Problem

A voltage conversion apparatus, a power generation system, and a
voltage conversion method for converting a voltage of an electricity generator
according to an aspect of the present invention, includes a maximum power
tracking portion that outputs a voltage which is output by the electricity
generator to an external device at a predetermined ratio such that an
operation point of the electricity generator tracks an optimal operation point
at which power of the electricity generator reaches a maximum level, and a
voltage output portion that outputs a voltage which is output by the
electricity generator to the external device when the maximum power
tracking portion is not being operated normally.

Advantageous Effects of Invention

In the voltage conversion apparatus, the power generation system,
and the voltage conversion method, since power of the electricity generator
can be output to an external device by the voltage output portion when the
maximum power tracking portion is not being operated normally, it is
possible to prevent circumstances in which the power cannot be supplied to
the external device although the electricity generator is normally operated,
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and thus reduction in electricity generation efficiency can be suppressed.

Brief Description of Drawings

Fig. 1is a diagram illustrating an overall sunlight electricity
generation system according to embodiments of the present invention.

Fig. 2 is a block diagram of the sunlight electricity generation
system.

Fig. 3 is a block diagram of an MPPT device according to
Embodiment 1.

Fig. 4 is a block diagram of an MPPT device according to
Embodiment 2.

Fig. 5 is a circuit diagram of an MPPT device according to
Embodiment 3.

Figs. 6A and 6B are diagrams illustrating an operation example of a
sunlight electricity generation system according to Embodiment 3.

Fig. 7 is a flowchart according to Embodiment 3.

Fig. 8 is a diagram illustrating a V-I characteristic according to
Embodiment 3.

Figs. 9A and 9B are diagrams illustrating a comparative example
which is compared with the embodiment shown in Figs. 6A and 6B.

Figs. 10A and 10B are diagrams illustrating a comparative example
which is compared with the embodiment shown in Figs. 6A and 6B.

Figs. 11A and 11B are diagrams illustrating a comparative example
which is compared with the embodiment shown in Figs. 6A and 6B.

Fig. 12Ais a block diagram of an MPPT device according to
Embodiment 4.

Fig. 12B is a perspective view of the MPPT device according to
Embodiment 4.

Fig. 13Ais a block diagram of a monitoring device according to
Embodiment 5.

Fig. 13B is a perspective view of the monitoring device according to
Embodiment 5.

Fig. 14 is a block diagram of a connection device according to
Embodiment 6.

Fig. 15 1s a diagram illustrating a sunlight panel according to
Embodiment 7. v
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Fig. 16 1s a diagram illustrating a junction box according to
Embodiment 7.
Fig. 17 is a block diagram of a connection device.

Description of Embodiments

A first aspect of the present invention provides a voltage conversion
apparatus for converting a voltage of an electricity generator, including: a
maximum power tracking portion that is adapted to output a voltage which
1s output by the electricity generator to an external device at a
predetermined ratio such that an operation point of the electricity generator
tracks an optimal operation point at which power of the electricity generatof
reaches a maximum level; and a voltage output portion that is adapted to
output a voltage which is output by the electricity generator to the external
device when the maximum power tracking portion is not being operated
normally:.

According to the first aspect of the present invention, since power of
the electricity generator can be output to an external device by the voltage
output portion when the maximum power tracking portion is not being
operated normally, it is possible to prevent circumstances in which the power
cannot be supplied to the external device although the electricity generator
is normally operated, and thus reduction in electricity generation efficiency
can be suppressed.

A second aspect of the present invention provides the voltage
conversion apparatus according to the first aspect, further includingi a first
housing that accommodates the voltage output portion; and a second housing
that accommodates the maximum power tracking portion, wherein the first
housing and the second housing are separable from each other.

According to the second aspect of the present invention, since the
second housing accommodating the maximum power tracking portion is
separable from the first housing when the maximum power tracking portion
is not being operated normally, a worker can repair or exchange‘ the
maximum power tracking portion side without stopping the supply of power
from the electricity generator. In addition, since the worker is not required
to have contact with the voltage output portion side which outputs power, it
is possible to increase work safety.

A third aspect of the present invention provides the voltage
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conversion apparatus according to the second aspect, wherein input and
output terminals of the voltage output portion are provided on outside of the
first housing, input and output terminals of the maximum power tracking
portion are provided on outside of the second housing to be connected to the
input and output terminals of the voltage output portion, and the input and
output terminals of the voltage output portion and the input and output
terminals of the maximum power tracking portion are disposed so as not to
be exposed to outside of the voltage conversion apparatus when the first
housing is connected to the second housing.

According to the third aspect of the present invention, since the input
and output terminals of the voltage output portion and the input and output
terminals of the maximum power tracking portion are not exposed to outside
of the voltage conversion apparatus, it is possible to reduce a probability that
a worker may come into contact with the input and output terminals and to
thereby further increase work safety.

A fourth aspect of the present invention provides the voltage
conversion apparatus according to any one of the first to third aspects,
wherein the electricity generator generates power by using a photovoltaic.

According to the fourth aspect of the present invention, since the
second housing accommodating the maximum power tracking portion is
separable from the first housing when the maximum power tracking portion
is not being operated normally, a worker can repair or exchange the
maximum power tracking portion side without stopping the supply of power
using a photovoltaic.

A fifth aspect of the present invention provides a power generation
system including: a plurality of electricity generators; and the voltage
conversion apparatus according to any one of the first to fourth aspects,
connected to each of the plurality of electricity generators, wherein the
plurality of electricity generators are connected in series to each other via
the voltage conversion apparatuses.

According to the fifth aspect of the present invention, since the
supply of power from the electricity generator is not stopped even if the
maximum power tracking portion of any one of the voltage conversion
apparatuses fails, it is possible to suppress a reduction in electricity
generation efficiency of the entire system.

A sixth aspect of the present invention provides a voltage conversion
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method for converting a voltage of an electricity generator, including:
outputting a voltage which is output by the electricity generator to an
external device at a predetermined ratio such that an operation point of the
electricity generator tracks an optimal operation point at which power of the
electricity generator reaches a maximum level; and outputting a voltage.
which is output by the electricity generator to the external device when a
normal operation fails in outputting the voltage at the predetermined ratio.

According to the sixth aspect of the present invention, since power of
the electricity generator can be output to an external device by the voltage
output step when the maximum power tracker is not being operated
normally, it is possible to prevent circumstances in which the power cannot
be supplied to the external device although the electricity generator is
normally operated, and thus a reduction in electricity generation efficiency
can be suppressed.

A seventh aspect of the present invention provides a connection
device for outputting power from a sunlight panel, including: a first housing;
and a second housing, wherein the first housing includes: an input side
terminal that is connected to the sunlight panel; an output side terminal
that can output the power to outside of the first housing; a first connection
terminal that is connected to the input side terminal; and a second
connection terminal that is connected to the output side terminal, the second
housing includes: a third connection terminal; and a fourth connection
terminal that is connected to the third connection terminal, and the first
connection terminal is connected to the third connection terminal, and the
second connection terminal is connected to the fourth connection terminal.

An eighth aspect of the present invention provides a connection
device including: a housing; an input side terminal that is connected to a
sunlight panel; an output side terminal that can output power of the sunlight
panel to outside of the housing; a first connection terminal that is connected
to the input side terminal; a second connection terminal that is connected to
the output side terminal; and a connection control portion that is adapted to
control an electrical connection state between the first connection terminal
and the second connection terminal.

Embodiment 1
Fig. 11s a diagram illustrating an overall sunlight electricity
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generation system according to embodiments of the present invention. A
sunlight electricity generation system 1 is an example of the power
generation system, and includes a plurality of sunlight panels (photovoltaic
(PV) panels) 10. Each of the sunlight panels 10 is connected to a controller
20. The controller 20 has a function of the maximum power point tracker
(MPPT), described later. A plurality of controllers 20 function as slaves and
are managed by a controller 30 which functions as a master.
Communication using Digital Enhanced Cordless Telecommunications
(DECT; registered trademark) is performed between the controllers 20 and
30. In the following description, the controller 20 is referred to as an
“MPPT device 20”. The MPPT device 20 is an example of the voltage
conversion apparatus.

A coordinator 40 collectively manages a plurality of controllers 30 by
using, for example, wireless communication of 900 MHz band. APV
management server 50 monitors data indicating an electricity generation
state collected from each controller 30 by the coordinator 40. A user can
view the monitored data as an image by using a PC 60 via a network such as
the Internet.

~ In addition, the above-described communication method is not
limited thereto, and various communication methods may be employed. For
example, ZigBee (registered trademark) or 3G may be used. Further, a
communication method 1s not limited to the wireless communication, and
wired communication such as power line communication may be used.
Furthermore, a sunlight panel is not limited to electricity generation using
sunlight as long as it has a photovoltaic, and may use other light sources.

Fig. 2 is a block diagram of the sunlight electricity generation system.
Six sunlight panels 10 on the uppermost part in Fig. 2 are connected in
series to a connection box 70 via each MPPT device 20. The
series-connected sunlight panels 10 (six panels in Fig. 2) forms a string as a
single unit. In Fig. 2, four strings are formed, and line paths of the
respective strings are collected (or lines are connected) at the connection box
70. The collected line paths are connected to a power controller 80. The
MPPT function may also be mounted in the power controller 80.
Alternatively, only the MPPT device 20 may have the MPPT function. In
addition, the number of sunlight panels 10 forming a string is not
particularly limited to six, and may be appropriately varied.
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Fig. 3 is a block diagram of an MPPT device according to
Embodiment 1. An MPPT device 20A includes a pair of input connectors
connected to the sunlight panels 10 on the left side of Fig. 3. In addition, on
the right side of Fig. 3, the MPPT device 20A includes a pair of output
connectors connected to another MPPT (not shown) adjacent thereto or the
connection box 70. A diode is connected to both ends of a pair of output
connectors. The MPPT device 20A includes an ON/OFF switching portion
(switch) 21, a switching control portion 22, a power supply portion 23, a
DC/DC portion (DC-DC converter) 24, and a control portion 25. The
ON/OFF switching portion 21 is formed by, for example, a MOSFET. The
control portion 25 is typically formed by a microcomputer.

A pair of input connectors is connected to a pair of output connectors
via the ON/OFF switching portion 21. The pair of input connectors is also
connected to the power supply portion 23. The power supply portion 23 is
connected to the switching control portion 22 and the control portion 25 so as
to supply predetermined power thereto. The control portion 25 is connected
to and controls the DC/DC portion 24. Further, the control portion 25 is
connected to the switching control portion 22. The switching control portion
22 is connected to the ON/OFF switching portion 21, and the control portion
25 controls the ON/OFF switching portion 21 via the switching control
portion 22. The DC/DC portion 24 is connected to both ends of the ON/OFF
switching portion 21. In other words, the DC/DC portion 24 is connected in
parallel to the ON/OFF switching portion 21.

Here, a potential of the line path which connects the power supply
portion 23 to the switching control portion 22 is set to a potential L1. A
potential of the line path which connects the switching control portion 22 to
the ON/OFF switching portion 21 is set to a potential L2. A potential of the
line path which connects the control portion 25 to the ON/OFF switching
portion 21 is set to a potential L3.

The ON/OFF switching portion 21 is turned on when the potential L2
is high. That is, a closed circuit is formed, and thereby the path between
the pair of output connectors and the pair of input connectors is connected.
On the other hand, the ON/OFF switching portion 21 is turned off when the
potential L2 is low. That is, an open circuit is formed, and thereby the path
between the pair of output connectors and the pair of input connectors is

disconnected.
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The switching control portion 22 forms an XOR (exclusive logical
addition) circuit which has the potentials L1 and L3 as inputs and has the
potential L2 as an output. That is, if the potentials L.1 and L3 are different
from each other (either one is high or low), the switching control portion 22
outputs the potential L2 which is high. On the other hand, if the potentials
L1 and L3 are the same as each other (both of the two are high or low), the
switching control portion 22 outputs the potential L2 which is low.

In typical usage, both the potentials I.1 and L3 are high, and thus the
switching control portion 22 outputs the potential L2 which is low. Since
the potential L2 is low, the ON/OFF switching portion 21 is turned off.
When power generated by the sunlight panels 10 is input from the pair of
input connectors, the power is output from the pair of output connectors via
the DC/DC portion 24 without passing through the ON/OFF switching
portion 21.

The DC/DC portion 24 outputs voltages which are output by the
sunlight panels 10 to an external device at a predetermined ratio such that
operation points of the sunlight panels 10 are controlled to track the optimal
operation point at which power of the sunlight panels 10 reaches a maximum
level. That is, voltages input from the pair of input connectors are

increased or decreased and are output to an external device from the pair of

output connectors.

Here, in a case where the DC/DC portion 24 is not being operated
normally, for example, the DC/DC portion 24 fails, the control portion 25 sets
the potential L3 to be low. Since the power supply portion 23 is normally
operated, the potential L1 is also high, and thus the switching control
portion 22 outputs the potential L2 which is high. The potential L2 is high,
and thus the ON/OFF switching portion 21 is turned on. When power
generated by the sunlight panels 10 is input from the pair of input
connectors, since an input impedance of the DC/DC portion 24 is higher than
that of the ON/OFF switching portion 21, the power is output from the pair
of output connectors via the ON/OFF switching portion 21 without passing
through the DC/DC portion 24. In this case, since tracking of operation
points is not performed by the DC/DC portion 24, voltages of the sunlight
panels 10 are output from the pair of output connectors as they are.

The DC/DC portion 24 is of a full-bridge type using a MOSFET. If
power generated by the sunlight panels 10 is relatively large, the DC/DC
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portion 24 generates heat due to high-speed switching of the MOSFET, and
thus there is a higher probability that the DC/DC portion 24 may fail than
other constituent elements. When the DC/DC portion 24 fails, the MPPT
device 20A is bypassed by the diode which is disposed between both ends of
the pair of output connectors. As a result, the string including the six
sunlight panels 10 shown in Fig. 2 is formed by five sunlight panels 10, and
thus output voltages of the string becomes 5/6.

In the MPPT according to the present embodiment, even in a case
where the DC/DC portion 24 fails and thus power cannot be transmitted with
the path of the DC/DC portion 24, another path different from the path of the
DC/DC portion 24 is formed by the ON/OFF switching portion 21 so as to
isolate the DC/DC portion 24 in terms of a circuit, and thus power which is
output by the sunlight panels 10 can be continuously output. Particularly,
in a case where the sunlight panels are normally operated, the path is not
disconnected by the DC/DC portion 24, and thereby it is possible to prevent
power output by the sunlight panels 10 from being wasted.

In addition, since the potential L3 is set to be low in a case where the
control portion 25 fails as well, the switching control portion 22 outputs the
potential L2 which is high so as to turn on the ON/OFF switching portion 21
when the control portion 25 fails in the same manner as the case where the
DC/DC portion 24 fails. Therefore, even in a case where the control portion
25 fails, the DC/DC portion is isolated in terms of a circuit, and thus power
which is output by the sunlight panels 10 can be continuously output.

As described above, in Embodiment 1, when the DC/DC portion 24 or
the control portion 25 of the MPPT device fails, a bypass path from the
ON/OFF switching portion 21 is formed, and thus power generated by the
sunlight panels 10 can be output to an external device via the MPPT without
waste.

In a case where the power supply portion 23 fails and the potential
L1 is low, since power cannot be supplied to the control portion 25 or the
switching control portion 22, the potential L2 of the switching control portion
22 automatically becomes low so as to turn off the ON/OFF switching portion
21 regardless of whether or not the DC/DC portion 24 and the control portion
25 are normally operated.

Embodiment 2
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Fig. 4 is a block diagram of an MPPT device according to
Embodiment 2. Embodiment 2 is different from Embodiment 1 in that the
MPPT device 20B is separable into two units including a bypass unit 20B1
and a conversion unit 20B2 as shown in Fig. 4. The same constituent
element is given the same reference numeral as in Fig. 3, and description
thereof will be omitted.

The bypass unit 20B1 includes an ON/OFF switching portion 21, a
switching control portion 22, and a power supply portion 231. A pair of
connection terminals 26, 26 are respectively provided in paths between a
pair of input connectors and the ON/OFF switching portion 21. In addition,
a pair of connection terminals 27, 27 are respectively provided in paths
between a pair of output connectors and the ON/OFF switching portion 21.
The switching control portion 22 is provided with a switching signal terminal
to which a panel mode switching signal can be input. The respective
constituent elements (the ON/OFF switching portion 21, the switching
control portion 22, and the power supply portion 231) of the bypass unit 20B1
are accommodated in a housing (not shown). The housing is made of, for
example, plastic and is formed in a box shape, and the connection terminals
26, 26, 27, 27 and the switching signal terminal are disposed on one surface
(for example, an upper surface or a side surface) of the box.

The conversion unit 20B2 includes a DC/DC portion 24, a control
portion 25, and a power supply portion 232. The DC/DC portion 24 is
provided with connection terminals 28, 28 which are respectively connected
to a pair of input terminals (the left side in Fig. 4). The DC/DC portion 24 is
provided with connection terminals 29, 29 which are respectively connected
to a pair of output terminals (the right side in Fig. 4). The control portion
25 1s provided with a switching signal terminal from which a panel mode
switching signal can be output. The respective constituent elements (the
DC/DC portion 24, the control portion 25, and the power supply portion 232)
of the conversion unit 20B2 are accommodated in a housing (not shown).
The housing is made of, for example, plastic and is formed in a box shape,
and the connection terminals 28, 28, 29, 29 and the switching signal
terminal are disposed on one surface (for example, a lower surface or a side
surface) of the box. '

Before being used, first, the conversion unit 20B2 is attached to the
bypass unit 20B1 such that the lower surface of the conversion unit 20B2
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faces the upper surface of the bypass unit 20B1. When the upper surface of
the bypass unit 20B1 faces the lower surface of the conversion unit 20B2, the
connection terminals 26, 26 are electrically connected to the connection
terminals 28, 28, the connection terminals 27, 27 are electrically connected
to the connection terminals 29, 29, and the switching signal terminals are
electrically connected to each other. In this way, the same circuit
configuration as the MPPT device 20A of Fig. 3 is built in terms of an
equivalent circuit.

Here, when the DC/DC portion 24 or the control portion 25 of the
conversion unit 20B2 fails, in the same manner as Embodiment 1, a bypass
path from the ON/OFF switching portion 21 is formed, and thus power
generated by the sunlight panels 10 can be output to an external device via
the MPPT without waste.

In a case where a worker repairs a failed MPPT in this state, the
conversion unit 20B2 is detached from the units forming the MPPT device
20B. Handles (not shown) are provided on the surface (that is, the surface
in which the connection terminals 26, 27, 28, 29 are not exposed) other than
the lower surface in the housing of the conversion unit 20B2, and the worker
holds the handles and detaches the conversion unit 20B2 from the bypass
unit 20B1. The handles may have any shape or aspect as long as the
worker can hold the conversion unit 20B2. As above, since the connection
terminals are disposed apart from the place where the worker touches the
MPPT, a possibility of an electric shock can be reduced, and thus safety can
increase.

As described above, in Embodiment 2, since the MPPT is formed so
as to divide the configuration including the DC/DC portion in which a
probability of failure is relatively high as a separate body, in a case where the
DC/DC portion or peripheral constituent elements thereof fail, the DC/DC
portion or peripheral constituent elements thereof can be detached for repair
or changing parts without shutting off a power output from the sunlight
panels.

In addition, since the configuration including the DC/DC portion can
be divided as a separate body, the inside of the MPPT is not required to be
disassembled. Therefore, a probability of an electric shock can be reduced,
and thus safety can increase.

Although, in the above-described Embodiments 1 and 2, a description
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has been made of a case where the DC/DC portion 24 and the control portion
25 fail as an example in which the MPPT function of the MPPT device is not
being operated normally, Embodiments 1 and 2 are also applicable to a case
where circuits, parts, and constituent elements other than the DC/DC
portion 24 and the control portion 25 are not being operated normally among
the constituent elements of the MPPT device. In addition, the “normal
operation” indicates that the MPPT device is operated according to a
specification thereof, and, specifically, an operation in which an operation
point tracks the optimal operation point is performed as regulated in the
specification. Therefore, the “abnormal operation” includes not only a
simple failure state but also a case where an operation departing from the
specification is performed or a case where a normal operation cannot be
continuously performed (for example, a normal operation is intermittently
performed). |

Embodiment 3

Fig. 5 is a circuit diagram of an MPPT device according to
Embodiment 3. A microcomputer and a driver of an MPPT device 20C
correspond to the control portion 25 of Fig. 3. Four MOSFETSs connected to
an inductor of the MPPT device 20C correspond to the DC/DC portion 24 of
Fig. 3. AMOSFET (the upper part of Fig. 5) of the MPPT device 20C
corresponds to the ON/OFF switching portion 21 of Fig. 3. In the MPPT
device 20C according to this Embodiment 3, the MOSFET corresponding to
the ON/OFF switching portion 21 is turned on in the same manner as in
Embodiments 1 and 2 in a case where the MOSFETSs forming the DC/DC
portion or the microcomputer is not being operated normally. In addition,
in Embodiment 3, control by the ON/OFF switching portion 21 is not
necessarily required.

Figs. 6A and 6B are diagrams illustrating an operation example of a
sunlight electricity generation system according to Embodiment 3. The
sunlight electricity generation system includes four strings ST1, ST2, ST3
and ST4. In each of the strings ST1, ST2, ST3 and ST4, six sunlight panels
10 are connected in series to each other. Each of the sunlight panels 10 is
assumed to output power of the voltage of 40 V and the current of 5A. The
MPPT device 20C is connected to one sunlight panel 10 of the string ST1.

In Fig. 6A, in a case where a thin shadow 100 is cast on the sunlight
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panel 10 connected to the MPPT device 20C, some of clusters inside the
sunlight panel 10 form a resistance component. As a result, electricity
generation efficiency of the sunlight panel 10 is reduced, and output power of
the sunlight panel 10 is reduced from the voltage of 40 V and the current of 5
A to, for example, the voltage of 40 V and the current of 2.5 A. Next, as
shown in Fig. 6B, if a dark shadow 101 is cast on the sunlight panel 10,
clusters forming a resistance component are bypassed by diodes disposed
between the clusters. As a result, output power of the sunlight panel 10
varies from the voltage of 40 V and the current of 2.5 A to, for example, the
voltage of 27 V and the current of 5 A, and thus the current returns to the
original value.

Fig. 7 is a flowchart according to Embodiment 3, and shows an
operation of the MPPT. When a voltage of the sunlight panel 10 is reduced
in step S1, power Pk of the sunlight panel 10 at the current point is
compared with past power Pk-1 (a predetermined time ago) of the sunlight
panel 10 in step S2. If Pk is greater than Pk-1 (Yes in S2), the voltage
decreases by a predetermined value. After the voltage decreases, if Pk is
smaller than Pk-1 (No in S2), the voltage is raised by a predetermined value
in step S3. After the voltage increases, Pk is compared with Pk-1 in step S4,
and if Pk is greater than Pk-1 (Yes in S4), the voltage increases by a
predetermined value. After the voltage increases, if Pk is smaller than Pk-1
(No in S4), the flow returns to step S1 where the voltage decreases.

Fig. 8 is a diagram illustrating a V-I characteristic according to
Embodiment 3. The V-I characteristic of the sunlight panel is shown, and
the circle in Fig. 8 indicates an operation point. The operation point rises
from a start point, and moves toward the maximum operation point. The
operation point converges around the maximum operation point, but the
maximum operation point is shifted due to a variation in solar radiation or a
variation in shadow.

As described with reference to Fig. 6A, if a thin shadow is cast on the
sunlight panel 10, the solar radiation decreases, and thus output power of
the sunlight panel 10 is reduced from the voltage of 40 V and the current of 5
A to, for example, the voltage 40 V and the current of 2.5 A as shown on the
lower left side of Fig. 8.

In the present embodiment, the microcomputer (refer to Fig. 5) of the
MPPT device 20C detects a current and a voltage of the sunlight panel 10,
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and is set to control the MOSFETSs forming the DC/DC portion via the driver
such that the current is returned, in a case where the current output from
the sunlight panel 10 becomes a predetermined value. Here, a threshold
value is set to 2.5 A, but is not limited thereto, and a threshold value may be
appropriately changed.

Therefore, the microcomputer of the MPPT device 20C detects that
the current output from the sunlight panel 10 becomes 2.5 A, and controls
the DC/DC portion so as to perform a conversion process on the voltage and
the current. In this case, the voltage of 40 V and the current of 5 A are
converted into, for example, the voltage of 20 V and the current of 5A. In
this way, it is possible to prevent currents of the overall strings from being
reduced by the clusters of the sunlight panel 10 forming a resistance
component due to a thin shadow.

Figs. 9A to 11B are diagrams illustrating comparative examples
compared with the embodiment shown in Figs. 6A and 6B. Specifically, Figs.
9A and 9B show an example in which the MPPT device is not connected, Figs.
10A and 10B show an example in which the MPPT devices are connected to
only one string, and Figs. 11A and 11B show an example in which the MPPT
devices are connected to all the strings.

Table 1
STATE OF | MPPT MPPT MPPT MPPT (ALL)
SHADOW (ABSENT) (SOME) (STRING)
THIN 4200 W 4607 W (9.6% | 4667 W 4649 W
SHADOW (Fig. 9A) UP) (11.1% UP) (10.6% UP)
(Fig. 6A) (Fig. 10A) (Fig. 11A)
' DARK 4675 W 4671 W (0.1% | 4671 W (0.5% | 4682 W (0.1%
SHADOW (Fig. 9B) DOWN) UP) UP)
(Fig. 6B) (Fig. 10B) (Fig. 11B)

Note that the rate of change as mentioned is a value with respect to

MPPT (ABSENT)

Table 1 shows a comparison result of power of the present
embodiment (MPPT (some)) and power of the comparative examples (MPPT
(absent), MPPT (string), and MPPT (all)) shown in Figs. 9A to 11B. This
table shows that, in a dark shadow, there is little difference between them,
but, in a thin shadow, the power of 4200 W is obtained at MPPT (absent), and
the power 4600 W or more can be obtained when the MPPT is connected to
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some sunlight panels. That is, by connecting the MPPT device to only
sunlight panels on which a thin shadow may be cast, it is possible to
generate power equivalent thereto without connecting the MPPT devices to
all sunlight panels or connecting the MPPT devices to all sunlight panels of a
single string.

In the present embodiment as described above, the MPPT device is
provided in some of the sunlight panels of the string. Thereby, even if a thin
shadow is cast on the sunlight panel, it is possible to suppress reduction in
current and to thereby suppress reduction in electricity generation efficiency

of the entire system.

Embodiment 4

Next, Embodiment 4 will be described with reference to Figs. 12A
and 12B. Fig. 12A1s a block diagram of an MPPT device according to
Embodiment 4. Fig. 12B is a perspective view of the MPPT device
according to Embodiment 4. The above-described functions and constituent
elements are given the same reference numerals, and detailed description
thereof will be omitted.

An MPPT device 20D includes a bypass unit 20D1 and a conversion
unit 20D2. In the same manner as the above-described Embodiment 2, the
bypass unit 20D1 and the conversion unit 20D2 are attachable and
detachable.

The bypass unit 20D1 further includes a display portion 221 in the
housing of the bypass unit 20B1 in addition to the configuration of the
above-described bypass unit 20B1. The display portion 221 notifies a user
of turned-on and turned-off states of the ON/OFF switching portion 21. A
display state of the display portion 221 is controlled by the switching control
portion 22. That is, the switching control portion 22 changes turned-on and
turned-off states of the ON/OFF switching portion 21 and changes display of
the display portion 221. As above, the display portion 221 can notify a
worker who attaches or detaches the conversion unit 20D2 of turned-on and
turned-off states of the ON/OFF switching portion 21. Therefore, since the
worker can check whether or not an attachment or detachment work of the
conversion unit 20D2 is completed without accident, it is possible to suppress
inconvenience of the detachment or electrical inconvenience of the sunlight
electricity generation system due to the detachment.
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In addition, the switching control portion 22 may simultaneously
perform a change between turned-on and turned-off states of the ON/OFF
switching portion 21 and a change in display of the display portion 221, or
may perform the two changes at different timings.

In addition, as a method of notifying of turned-on and turned-off
states of the display portion 221, characters such as “ON” and “OFF”, or
“panel (bypass) mode” and “MPPT mode” may be displayed. In addition, the
panel (bypass) mode indicates a state in which the ON/OFF switching
portion 21 is turned off, and the MPPT mode indicates a state in which the
ON/OFF switching portion 21 is turned on. Alternatively, simply, a worker
may be notified of the turned-on and turned-off states by using emission
states of a light bulb such as an LED. The emission states here include, for
example, emission colors, lighting, lighting-off, blinking, and the like.

The conversion unit 20D2 includes a current detecting portion 251, a
voltage detecting portion 252, and a wireless communication portion 253 in
addition to the configuration of the above-described conversion unit 20B2.

The current detecting portion 251 detects a current which is output
by the sunlight panel 10 connected to the MPPT device 20D. That is, the
current detecting portion 251 detects a current which is input to the MPPT
device 20D (or the conversion unit 20D2). The current detecting portion 251
notifies the control portion 25 of the detected current. The control portion
25 performs MPPT control on the sunlight panel 10 by using the current
input from the current detecting portion 251, and transmits the detected
current to the controller 30 via the wireless communication portion 253.

The voltage detecting portion 252 detects a voltage (a potential
difference between the input + and the input -) which is output by the
sunlight panel 10 connected to the MPPT device 20D. That is, the voltage
detecting portion 252 detects a voltage which is input to the MPPT device
20D (or the conversion unit 20D2). The voltage detecting portion 252
notifies the control portion 25 of the detected voltage. The control portion
25 performs MPPT control on the sunlight panel 10 by using the voltage
input from the voltage detecting portion 252, and transmits the detected
voltage to the controller 30 via the wireless communication portion 253.

In addition, although, in the present embodiment, the current
detecting portion 251 and the voltage detecting portion 252 are provided only
on the input side of the DC/DC portion 24, the current detecting portion 251
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and the voltage detecting portion 252 may also be provided on the output
side in the same manner as the MPPT device 20C shown in Fig. 5. In a case
where the current detecting portion 251 and the voltage detecting portion
252 are also provided on the output side, the current detecting portion 251
and the voltage detecting portion 252 on the output side respectively detect
an output current and an output voltage of the DC/DC portion 24 so as to
notify the control portion 25. Thereby, the control portion 25 transmits
voltages and currents on the input side and the output side of the DC/DC
portion 24 to the controller 30 via the wireless communication portion 253.
Therefore, the controller 30 or the coordinator 40 can more accurately
determine whether or not the DC/DC portion 24 is normally operated.

Embodiment 5

Next, Embodiment 5 will be described with reference to Figs. 13A
and 13B. Fig. 13Ais a block diagram of a monitoring device according to
Embodiment 5. Fig. 13B is a perspective view of the monitoring device
according to Embodiment 5. The above-described functions and constituent
elements are given the same reference numeral, and detailed description
thereof will be omitted.

A monitoring device 20E includes a bypass unit 20E1 and a
monitoring unit 20E2. The bypass unit 20E1 and the monitoring unit 20E2
are attachable and detachable in the same manner as in the above-described
Embodiments 2 and 4.

The bypass unit 20E1 has a configuration in which a changing switch
(switch) 211 is provided instead of the switching control portion 22. The
changing switch 211 is connected to the ON/OFF switching portion 21, and
has a function of changing turned-on and turned-off states of the ON/OFF
switching portion 21. The changing switch 211 is provided on outside or a
surface of a housing (not shown) of the bypass unit 20E1. In addition, the
changing switch 211 may be a mechanical switch or an electrical switch. A
power supply portion 232 may be provided inside the bypass unit 20E1 in
order to supply power to the electrical switch of the bypass unit 20E1.

A worker changes turned-on and turned-off states of the ON/OFF
switching portion 21 by using the changing switch 211. That is, the worker
changes a state of the ON/OFF switching portion 21 from a turned-off state
to a turned-on state by using the changing switch 211 when the monitoring
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unit 20E2 is detached from the bypass unit 20E1. In addition, output power
of the sunlight panel 10 is output without passing through the monitoring
unit 20E2. Thereby, the monitoring unit 20E2 is electrically disconnected
from the sunlight electricity generation system 1, and thus the worker can
safely detach the monitoring unit 20E2. On the other hand, when the
monitoring unit 20E2 is attached to the bypass unit 20E1, the worker
changes a state of the ON/OFF switching portion 21 from a turned-on state
to a turned-off state by using the changing switch.

The monitoring unit 20E2 has a configuration in which the DC/DC
portion 24 is omitted from the conversion unit 20D2. The monitoring unit
20E2 includes a current detecting portion 251 and a voltage detecting
portion 252, and the current detecting portion 251 detects a current output
by the sunlight panel 10, and the voltage detecting portion 252 detects a
voltage output by the sunlight panel 10. The control portion 25 transmits
the current and the voltage detected by the current detecting portion 251 and
the voltage detecting portion 252 to the controller 30 via a wired
communication portion 254.

Thereby, output information (currents, voltages, power, and the like)
of the respective sunlight panels 10 can be collected at the controller 30. In
addition, the collected output information of the respective sunlight panels
10 may be managed by the PV management server 50 and may also be
displayed by the PC 60.

In addition, the PV management server 50 can recognize an output
state of each sunlight panel 10 and thus can detect a failure of the sunlight
panel 10. When a failure is detected, the PV management server 50 notifies
a manager, an owner, or the like of the sunlight electricity generation system
1 of a warning. Therefore, since a failed sunlight panel 10 can be found
early and can be repaired, it is possible to suppress electricity generation loss
of the sunlight electricity generation system 1.

In addition, an apparatus which detects occurrence of a failure may
not be the PV management server 50, and may be any one of the monitoring
device 20E (the controller 20), the controller 30, the coordinator 40, and the
PC 60. Alternatively, other apparatuses may detect a failure of the sunlight
panel 10. In addition, means for notifying the manager, the owner, or the
like of a warning after detecting a failure is not particularly limited, and the
PC 60 may notify of a warning or other apparatuses may notify of a warning.



10

15

20

25

30

35

WO 2013/187521 PCT/JP2013/066526

20

In addition, the wired communication portion 254 may perform
communication with the controller 30 by using a dedicated communication
line provided between the wired communication portion 254 and the
controller 30. Alternatively, the wired communication portion 254 may
perform communication with the controller 30 by using power line
communication. That is, the controller 30 is connected to a power line (for
example, a string) of the sunlight electricity generation system 1, and the
wired communication portion 254 communicates with the controller 30 via
the power line. In this case, the controller 30 also has the wired
communication portion 254.

Embodiment 6

Next, Embodiment 6 will be described with reference to Fig. 14. Fig.
14 is a block diagram of a connection device according to Embodiment 6.
The above-described functions and constituent elements are given the same
reference numeral, and detailed description thereof will be omitted.

A connection device 20F includes a bypass unit 20F1 and a
connection unit 20F2. In the same manner as in the above-described
Embodiments 2, 4 and 5, the bypass unit 20F1 and the connection unit 20F2
are attachable and detachable. In addition, an exterior of the connection
device 20F is the same as that of the monitoring device 20E shown in Fig.
13B.

The bypass unit 20F1 has a configuration in which various functions
are omitted from the above-described conversion units 20B2, 20D2 or
monitoring unit 20E2. The bypass unit 20F1 at least includes connection
terminals 26 and 27, input side terminals, and output side terminals. Each
of the connection terminals 26 and 27, the input side terminals, and the
output side terminals is a pair of terminals, and a positive side and a
negative side are present in a pair of terminals. In addition, the connection
terminals 26 and the input side terminals are terminals on the input side.
The connection terminals 26 are electrically connected to the sunlight panel
10, and the input side terminals are connected to the connection terminals
26 via power lines. The connection terminals 27 and the output side
terminals are terminals on the output side. The connection terminals 27
are connected to the connection box 70 via power lines, and the output side
terminals are connected to the connection terminals 27. In addition, the
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connection terminals 27 may be directly connected to the power controller 80
via power lines.

The connection unit 20F2 includes connection terminals 28 and 29.
Each of the connection terminals 28 and 29 is a pair of terminals, and a
positive side and a negative side are present in a pair of terminals. The
connection terminals 28 are terminals on the input side, and the connection
terminals 29 are terminals on the output side. The connection terminals 28
are connected to the connection terminals 26, and the connection terminals
29 are connected to the connection terminals 27. That is, power which is
output by the sunlight panel 10 is transmitted in order of the input side
terminals, the connection terminals 26, the connection terminals 28, the
connection terminals 29, the connection terminals 27, and the output side
terminals, and is output to outside of the connection device 20F.

In the connection device 20F, the bypass unit 20F1 and the
connection unit 20F2 are provided as separate bodies as described above, and
thus the connection unit 20F2 can be easily detached.

Hereinafter, a description will be made of effects when the connection
device 20F is attached to the sunlight panel 10.

Generally, there is a sunlight electricity generation system in which
the controller 20 such as the MPPT devices 20A to 20D or the monitoring
device 20E described in the embodiments i1s not installed. In addition, the
sunlight electricity generation system deteriorates, and thus electricity
generation efficiency of the system may be reduced. Alternatively, the
sunlight panel may fail due to usage for a long time. However, in a case
where a new controller 20 is installed in the system of which wiring is
completed, a worker is required to perform wiring of the sunlight electricity
generation system again, and thus considerable labor is taken place. In
addition, due to this labor, the cost is high which an owner of the sunlight
electricity generation system pays for installation of the new controller 20.
Therefore, it is difficult to install the controller 20 in the sunlight electricity
generation system which has already been operated once.

From the above-described background, the connection device 20F
which does not have the MPPT function and the monitoring function is
installed in advance in each sunlight panel 10 of the sunlight electricity |
generation system 1 according to the present embodiment. Therefore, the
conversion units 20B2 and 20D2 having the MPPT function or the
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monitoring unit 20E2 having the monitoring function can be easily installed
in the sunlight electricity generation system 1 without performing new
wiring. For example, even if a surrounding environment of the sunlight
electricity generation system 1 varies and thereby a shadow enters some of
the sunlight panels 10, the conversion units 20B2 and 20D2, and the like can
be easily installed in the sunlight panels 10. For example, effects when the
MPPT device is installed in some of the sunlight panels 10 are the same as
described with reference to Table 1. Therefore, it is possible to easily
suppress a reduction in electricity generation efficiency of the sunlight
electricity generation system 1 due to the variation in a surrounding

environment.

Embodiment 7

Next, Embodiment 7 will be described with reference to Figs. 15 and
16. Fig. 15 is a diagram illustrating a sunlight panel according to
Embodiment 7. Fig. 16 is a diagram illustrating a junction box according to
Embodiment 7. The above-described functions and constituent elements
are given the same reference numeral, and detailed description thereof will
be omitted.

Generally, in the sunlight panel 10, a junction box 20G is attached on
a surface opposite to a surface irradiated with the sunlight. In addition,
power lines 71 and 72 for outputting power to an external device are
connected to the junction box 20G. Therefore, power generated by the
sunlight panel 10 is output via the junction box 20G, and the power lines 71
and 72.

In addition, the junction box 20G includes bypass diodes 73A to 73C
as shown in Fig. 16. In the present embodiment, the sunlight panel 10
includes three electricity generation units 10A to 10C, and each of the
electricity generation units 10A to 10C has a plurality of light emitting
elements (not shown) which are connected in series to each other. Each of
the bypass diodes 73A to 73C is connected in parallel to each of the electricity
generation units 10A to 10C, and has a function of bypassing a current which
flows through each of the electricity generation units 10A to 10C. For
example, in a case where the electricity generation unit 10A fails, a current
flows not through the electricity generation unit 10A but through the bypass
diode 73A. Thereby, even in a case where some of the electricity generation
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units (or electricity generation elements forming the electricity generation
units) fail, it is possible to suppress a current flowing through a string
formed by a plurality of sunlight panels 10 from being shut off.

In addition, in the same manner as in the above-described
embodiment, the junction box 20G includes a bypass unit 20G1 and a
connection unit 20G2. In addition, since the connection unit 20G2 are
separable from the bypass unit 20G1, the junction box 20G enables the
conversion units 20B2 and 20D2, the monitoring unit 20E2, or the like to be
easily installed in the sunlight panel 10.

In the following description, the above-described MPPT devices 20A,
20B, 20C, 20D and 20E, monitoring device 20E, connection device 20F and
junction box 20G are referred to as a connection device 200. In addition, the
bypass units 20B1, 20D1, 20E1, 20F1 and 20G1 are referred to as a first
housing 201, and the conversion units 20B2 and 20D2, the monitoring unit
20E2, and the connection units 20F2 and 20G2 are referred to as a second
housing 202.

As shown in Fig. 17, the connection device 200 includes the first
housing 201 and the second housing 202.

The first housing 201 is connected between the sunlight panel 10 and
a string in which a plurality of sunlight panels 10 are connected.
Specifically, the first housing 201 has a pair of input side terminals, and is
connected to the sunlight panel 10 via the pair of input side terminals. In
addition, the first housing 201 has a pair of output side terminals, and is
connected to the string via the pair of output side terminals. Further, a
connection destination of the output side terminals of the first housing 201
may be the connection box 70 or the power controller 80.

Furthermore, the first housing 201 includes a pair of connection
terminals 26 and a pair of connection terminals 27. The pair of connection
terminals 26 are respectively connected to the pair of input side terminals
via power lines. These power lines are accommodated in the first housing
201. The pair of connection terminals 27 are respectively connected to the
pair of output side terminals via power lines. These power lines are
accommodated in the first housing 201.

In addition, the connection device 200 has a configuration capable of
electrically disconnecting the connection terminals 26 and 27. For example,
the ON/OFF switching portion 21 electrically disconnects the connection
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terminals 26 and 27 as in the bypass units 20B1, 20D1 and 20E1.
Alternatively, power lines for connection between the connection terminals
26 and 27 are not disposed as in the bypass units 20F1 and 20G1. With the
above-described configuration, the first housing 201 can transmit power
from the sunlight panel 10 to the second housing 202.

The second housing 202 includes a pair of connection terminals 28
and a pair of connection terminals 29. The pair of connection terminals 28
are respectively connected to the pair of connection terminals 26, and the
pair of connection terminals 29 are respectively connected to the pair of
connection terminals 27. The pair of connection terminals 28 are
respectively connected to the pair of connection terminals 29 via power lines.
These power lines are accommodated in the second housing 202.

Since the connection device 200 is configured in the above-described
way, the second housing 202 can be easily detached from the first housing
201 connected to the sunlight panel 10. Therefore, in the connection device
200, it is possible to easily repair or exchange the second housing 202. For
this reason, a worker can easily repair and upgrade the sunlight electricity
generation system 1.

In addition, although, in the above-described embodiment, the
connection device 200 includes the first housing 201 and the second housing
202, the second housing 202 may be omitted. The first housing 201 may
include the ON/OFF switching portion 21 in lieu of the second housing 202
as in the bypass units 20B1, 20D1 and 20E1. The ON/OFF switching
portion 21 can change an output destination of the first housing 201 to the
connection terminals 26 or the output side terminals. However, in order to
suppress deterioration in the connection terminals 26 and 27, the connection
terminals 26 and 27 are preferably protected by a protective member or the
like so as not to be exposed to outside.

As above, the connection device 200 may use the second housing 202
or may use the ON/OFF switching portion 21 in order to connect the
connection terminals 26 to the connection terminals 27. That is, the second
housing 202 has the same function as the ON/OFF switching portion 21. In
other words, the second housing 202 and the ON/OFF switching portion 21
electrically connect and disconnect the connection terminals 26 to and from
the connection terminals 27. That is, the second housing 202 and the
ON/OFF switching portion 21 are a connection control portion which controls
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a connection state between the connection terminals 26 and the connection
terminals 27, or a connection changing portion which changes the connection
state.

In addition, the above-described Embodiments 1 to 7 may be
appropriately combined. For example, in a case where the second housing
202 has a communication function, a communication portion of the second
housing 202 may be the wireless communication portion 253 or the wired
communication portion 254.

Although sunlight electricity generation has been described in the
above-described Embodiments 1 to 7, the present invention is not limited
thereto, and the MPPT may be appropriately used when the MPPT is
necessary for electricity generation using other natural energies. For
example, the present invention is applicable to wind power generation or
water power generation.

The present application is based upon and claims the benefit of
Japanese patent application No. 2012-131619 filed on June 11, 2012, the
contents of which are incorporated by reference in its entirety.

Industrial Applicability

The present invention is applicable to a voltage conversion apparatus
which performs the maximum power point tracking used for electricity
generation such as sunlight electricity generation, or a monitoring device
which monitors electricity generation circumstances of sunlight electricity
generation or the like, a power generation system having the device, and a

power conversion method.

Reference Signs List
1: SUNLIGHT ELECTRICITY GENERATION SYSTEM
10: SUNLIGHT PANEL
20, 30: CONTROLLER
204, 20B, 20C, 20D: MPPT DEVICE
20E: MONITORING DEVICE
20F: CONNECTION DEVICE
20B1, 20D1, 20E1, 20F1, 20G1: BYPASS UNIT
20B2, 20D2: CONVERSION UNIT
20E2: MONITORING UNIT
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20F2, 20G2: CONNECTION UNIT

20G2: JUNCTION BOX

21: ON/OFF SWITCHING PORTION

211: CHANGING SWITCH

22: SW CONTROL PORTION

24: DC/DC PORTION

25: CONTROL PORTION

26, 27, 28, 29: CONNECTION TERMINAL
221: DISPLAY PORTION

23, 231, 232: POWER SUPPLY PORTION
251: CURRENT DETECTING PORTION
252: VOLTAGE DETECTING PORTION
253: WIRELESS COMMUNICATION PORTION
254: WIRED COMMUNICATION PORTION
50: PV MANAGEMENT SERVER

60: PC

PCT/JP2013/066526



10

15

20

25

30

35

WO 2013/187521 PCT/JP2013/066526

27

CLAIMS

1. A voltage conversion apparatus for converting a voltage of an
electricity generator, comprising:

a maximum power tracking portion that is adapted to output a
voltage which is output by the electricity generator to an external device at a
predetermined ratio such that an operation point of the electricity generator
tracks an optimal operation point at which power of the electricity generator
reaches a maximum level; and

a voltage output portion that is adapted to output a voltage which is
output by the electricity generator to the external device when the maximum
power tracking portion is not being operated normally.

2. The voltage conversion apparatus according to claim 1, further
comprising:

a first housing that accommodates the voltage output portion; and

a second housing that accommodates the maximum power tracking
portion, wherein

the first housing and the second housing are separable from each
other.

3. The voltage conversion apparatus according to claim 2, wherein

input and output terminals of the voltage output portion are
provided on outside of the first housing,

input and output terminals of the maximum power tracking portion
are provided on outside of the second housing to be connected to the input
and output terminals of the voltage output portion, and

the input and output terminals of the voltage output portion and the
imput and output terminals of the maximum power tracking portion are
disposed so as not to be exposed to outside of the voltage conversion
apparatus when the first housing is connected to the second housing.

4, The voltage conversion apparatus according to any one of claims 1 to
3, wherein
the electricity generator generates power by using a photovoltaic.
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5. A power generation system comprising:

a plurality of electricity generators; and

the voltage conversion apparatus according to any one of claims 1 to
4, connected to each of the plurality of electricity generators, wherein

the plurality of electricity generators are connected in series to each
other via the voltage conversion apparatuses.

6. A voltage conversion method for converting a voltage of an electricity
generator, comprising:

outputting a voltage which is output by the electricity generator to
an external device at a predetermined ratio such that an operation point of
the electricity generator tracks an optimal operation point at which power of
the electricity generator reaches a maximum level; and

outputting a voltage which is output by the electricity generator to
the external device when a normal operation fails in outputting the voltage

at the predetermined ratio.

7. A connection device for outputting power from a sunlight panel,
comprising:
a first housing; and
a second housing, wherein
the first housing includes:
an input side terminal that is connected to the sunlight panel;
an output side terminal that can output the power to outside of
the first housing;
a first connection terminal that is connected to the input side
terminal; and
a second connection terminal that is connected to the output
side terminal,
the second housing includes:
a third connection terminal; and _
a fourth connection terminal that is connected to the third
connection terminal, and
the first connection terminal is connected to the third connection
terminal, and the second connection terminal is connected to the fourth

connection terminal.
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8. A connection device comprising:

a housing;

an input side terminal that is connected to a sunlight panel;

an output side terminal that can output power of the sunlight panel
to outside of the housing;

a first connection terminal that is connected to the input side
terminal;

a second connection terminal that is connected to the output side
terminal; and

a connection control portion that is adapted to control an electrical
connection state between the first connection terminal and the second

connection terminal.
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