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PHOTOVOLTAIC SYSTEM FOR GENERATING AND SUPPLYING
ENERGY TO DC GRID AND ITS CONSUMERS

TECHNICAL FIELD

Photovoltaic system for generating and supplying energy to DC Grid and its
consumers is designed for direct coupling to direct current (DC) grids, for an
example as these of public transport — trolley, trams, subway, and it gives
opportunity to use it for supplying part of the necessary energy to the

existing direct current grids.

BACKGROUND ART

It is known a photovoltaic system, which is used to supply part of the
electrical energy to the existing trolleybus grid. It consists photovoltaic field
(PV-field), composed from photovoltaic structures, which are single
photovoltaic panels (PV-panels) or groups of PV-panels. The location of the
photovoltaic structures is defined depending from the specific conditions —
climatic, geographic, energy, mounting and others. Each of the photovoltaic
structures has (+)output and (-)output, connected in a known manner to the
common (+)output line and common (—)output line. Each of these output
lines has a first protective block, which consists protection commutative
apparatuses, disconnecting the electrical circuit when a higher current flows
than the one which is permissible. After the protection commutative
apparatuses there is a second protective block, consisting chokes which
reduce the pulsation of the direct current from the PV field. After both
protective blocks, to each of the common output lines is mounted a
bidirectional high speed circuit breaker, which breaks the whole system or
part of it in case of voltage increasing. After the high speed circuit breaker
there is high frequency filter, which together with the breaker form a control

block. There is provided a respectively control for the tripping of the control
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block. In the end of the both common lines, before the point of their
connection to the direct current grid of the consumers, there are mounted
manual breakers. At strongly reduced or zero consumption from the
consumers in the grid, the voltage of the PV increase, whereby according to
the existing solution, PV structures or whole PV field will be disconnect, in
order to protect the grid from the voltage increasing. Disadvantages of the
known system are related to the fact, that the provided protection against
voltage increasing, actually provides disconnecting of photovoltaic structures
or of the whole PV-field from the grid and the increased voltage does not
feed the grid, e.g. during the period, when the PV-field or part of it is
disconnected, the same disconnected part does not operate. There are
problems with the security of the system, manifested in cases such as,
denial of high speed circuit breaker or its control, when the increased voltage
can be fed to the DC Grid. Moreover in fully operating mode the high speed
circuit breakers are working after the event, e.g. once the voltage has
already reached the exceeded value. In the existing solution, there is not a
system, which can support the operation of the PV-panels in the maximum
power point (MPP). It is relying on that they will work during the most of the
time “around and close” to MPP, where the losses from inefficiency are not
very big. Basically the disadvantages of the existing photovoltaic system are
consisting in the following: the electrical scheme is complicated, there are a
lot of elements, and it is not possible any unification or use of standard
devices and because of that every project needs a personal technical
solution; overvoltage protection is not very reliable and safety, and the
protection trips after the voltage in the DC Grid is already increased. The
provided protection against voltage increasing relies only on the high speed
circuit breakers to disconnect the PV system or part of it, once the output
voltage is already increased. The system does not work synchronously and
safety in parallel in all its modes with the conventional power, and in those
modes, in which there is no synchronously and safety work, some measures

are undertaken for disconnect the PV system or part of it; PV structures do
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not work optimally, e.g. they work without MPPT (maximum power point
tracking), as there are no existing standard devices with MPPT, which can be

used for connecting the photovoltaic system to DC grids.

SUMMARY OF INVENTION

The problem solved by the invention is designing of photovoltaic system for
generating and supplying energy to DC Grid and its consumers, in which the
PV panels should work in the maximum power point and to secure output
voltage corresponding to the nominal voltage of the direct current grid. It
should be avoided any unacceptable voltage increasing, which can be
caused by the PV system, in case of lower or no consumption from the grid.
The system should work absolutely in synchronously in all working modes,

and without any disconnecting of the system or part of it.

The problem is solved with photovoltaic system for generating and supplying
energy to DC Grid and its consumers, which includes photovoltaic field,
composed from at least one photovoltaic structure. Each photovoltaic
structure can be single photovoltaic panel or group of panels. The
photovoltaic field has its relevant voltage, and each of the photovoltaic
structures has (+) output and (-) output. There are also common (+) output
line and common (-) output line and a protective block equipped with
protection commutative apparatuses. According to the invention, to the
outputs of each of the photovoltaic structures forming a photovoltaic field is
connected an optimizer. The outputs of the each optimizer are connected to
each other and/or in the configuration of the PV-field in the known manner to
the common (+) output line and common (-) output line. The protective block
is connected to at least one of the common output lines, which are
connected to the direct current grid. Each optimizer’s type is such that it
allows both of conditions to be simultaneously fulfilled during its operation in
the photovoltaic field: PV field to have nominal voltage, relévant to the
nominal voltage of the direct current grid and PV-field to have maximum
limited output voltage lower than the maximum permissible voltage of the

direct current grid. The selection of optimizer is defined in a way, that the
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input voltage of each optimizer is the voltage of the maximum power point
(MPP) of the PV-structure, to which is connected. The output voltage of the
optimizer or of the group of serial connected optimizers should be relevant to
the nominal voltage of the DC Grid. The output voltage of the optimizers or
of the group of serial connected optimizers should be limited in all operating
modes to a value, which does not exceed the maximum permissible

operating voltage of the DC Grid and its consumers.

The photovoltaic system, as variant, consists a photovoltaic field, formed
from a single photovoltaic structure, where single optimizer is connected to
their (+)output and (-)output and the outputs of the optimizer are common

(+)output line and common (-)output line.

Photovoltaic structure can be group of individual photovoltaic panels, which

are connected in series.
It is possible that the photovoltaic structure is a single photovoltaic panel.

Another option is that the photovoltaic field includes at least two photovoltaic

structures, which are connected in a known manner.

As appropriate variant it is possible at least one of the group of photovoltaic

structures to be a single photovoltaic panel.

It is appropriate at least one of the photovoltaic structures to be “smart

photovoltaic panel”, in which the optimizer is embedded.

There is also a variant for thereby execution, where at least one of the
photovoltaic structures is a group of single photovoltaic panels, and from the
connected optimizers to the outputs of the photovoltaic structures is formed

a group of serial connected optimizers.

The advantages of the invention are in the achieved possibility for direct
supplying the DC Grid with the generated from the photovoltaic system
energy, while it works synchronously with conventional power supplies and
to replace partially or fully the conventional electrical energy with
photovoltaic electrical energy. It has been achieved working synchronization

of the safety elements of the system with the work of the photovoltaic field in
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the maximum power point (MPP). When we are using it the system remains
permanently connected to the direct current grid even if the consumption
from the DC Grid is very low or zero, while the output voltage is limited at the
predefined level of the optimizers. Generally the system is efficient in terms
of voltage controlling during operation. Furthermore it is achieved the
possibility to use this technical solution in application for reconstruction of the
existing photovoltaic field by connecting the optimizers to their photovoltaic

structures according to the invention.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 a principal block diagram of photovoltaic system for generating and
supplying electrical energy to the direct current grid and its consumers;

Fig. 2 — block diagram, according to first embodiment of the photovoltaic
system; |
Fig. 3 — block diagram, according to the second embodiment of the

photovoltaic system;

Fig. 4 — block diagram, according to another embodiment of the photovoltaic
system;

Fig. 5 — block diagram, according to next embodiment of photovoltaic system
for generating and supplying electrical energy to the direct current grid and

its consumers;

DESCRIPTION OF EMBODIMENTS

Photovoltaic system for generating and supplying electrical energy to the
direct current grid and its consumers is illustrated on the attached figures by
its application for power supplying of the direct current grid 1 of the public
transport, especially of the trolleybus grid. Photovoltaic system includes
photovoltaic field (PV-field) 2, composed from at least one photovoltaic
structure 3. The photovoltaic structure 3 is a single photovoltaic panel (PV-
panel) 4 or group of PV-panels 5. As the direct current (DC) grid 1 of the
trolleybus transport requires nominal voltage of 660V, on the figures it is not

shown the use of a photovoltaic field 2, consisting only one photovoltaic
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structure 3, which constitutes single PV-panel, although for another types of
DC grids of consumers, which are working with lower voltages, this is
possible. The current technical solution can be used for direct current grids 1
with voltage from 25V to 1000V. The configuration and location of the
photovoltaic structures 3, either single photovoltaic panels 4 or group of
photovoltaic panels 5, and combination of both, as it is shown on Fig.1,
depends on the specific conditions — climate, geographic, energy, installation
and other. The composing and the specific location of the photovoltaic
structures 3 in the photovoltaic field 2 is not the subject of the current
technical solution. Each photovoltaic field 2 has relevant voltage. Moreover
each of the photovoltaic structures 3, included in the photovoltaic field 2, has
(+)output 7 and (-)output 8. The photovoltaic field 2 has also common
(+)output line 9 and common (-)output line 10. There is also protective block
11, which consists standard protection commutative apparatuses with circuit
breakers and fuses. According to the invention, as it is shown of the each
attached figures, there is an optimizer 12 which is connected to the outputs

of each of the photovoltaic structures 3.

The outputs of each optimizer 12 are connected to each other and/or in the
configuration of the PV-field in the known manner to the common (+)output
line 9 and (-output line 10. The specific connection depends from the
configuration of each photovoltaic field 2 and from the specific location and
type of the photovoltaic structures 3, which are included. The protective
block 11 is connected to one of the common output lines 9, 10, which are
connected to the direct current grid 1. On the figures the protective block 11
is shown as connected to the common (+)output line 9, but its position
depends from the application of the invention for the specific grid and
consumers. The protective block 11 can be connected to the both common
output lines 9, 10, and also only to the common (-)output line 10. The
number and the specific choice in terms of the protective block 11 depends

from the application of the solution to the specific direct current grid.

It is shown on fig. 1 one configuration of the photovoltaic field, where the
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connection of the optimizer's output 12 is more detailed illustrated. For
illustrating the different options, the PV-field is compiled from different
configuration of the PV structures 3 and of the optimizers 12 which are
connected to them. To one of the common output lines are connected: one of
the outputs of each optimizer 12, which is self-connected to a photovoltaic
structure 3 and one of the outputs of the first optimizer 12 from a group of
serial connected optimizers 12. In this case the common output line is
(-)output line 10. The second output of each optimizer 12, which is self-
connected to a photovoltaic structure 3 and the output of the last optimizer
12 from the group of serial connected optimizers 12 are connected to the

other common output line — shown on fig. 1 as (+) output line 9.

Each optimizer 12 is selected from a type which allows by the simultaneous
operation in the photovoltaic field 2, the following conditions to be

simultaneously fulfilled for the whole configured system with optimizers:

- The nominal voltage of the PV-field is relevant to the operating voltage of

the DC grid and its consumers.

- The input voltage of each optimizer, which is the voltage of maximum
power point (MPP) of the connected to the optimizer 12 PV-structure 3, to be
higher than the output voltage of the this optimizer 12. The output voltage of
each optimizer 12 has the voltage relevant to the nominal voltage of the DC
grid and to the scheme of the composing of the group of optimizers 12.

- The input voltage of each optimizer 12, defined by the voltage of maximum
power point (MPP) of the PV-Structure 3, which is connected to it, should be
lower than the maximum output voltage of each relevant optimizer.

- The maximum output voltage of the PV-field, which is defined by the
maximum output voltages of the group of optimizers 12, depending on that
how they are composed — to be lower than the maximum permissible

operating voltage of the DC grid and its consumers.

The current technical solution can be used as complementing power supply

to the direct current grid 1, which is powered by conventional rectifiers 14
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from the alternative current grid. This is well illustrated on the attach figures.

With other words, the selection of optimizer is defined so that the input
voltage to each optimizer to be the relevant voltage of the maximum power
point (MPP) of the PV-structure, to which is connected, and the output
voltage of the optimizer or group of serial connected optimizers to be
relevant to the nominal voltage of the DC grid. Moreover the output voltage
of the optimizers or of the group of serial connected optimizers should be
limited in all operating modes to a value, which does not exceed the
maximum permissible working voltage of the DC Grid and its consumers.
The limitation of output voltage in all operating modes is a function of the
optimizers.

In the relation with the above requirements it is intended to be used PV-
optimizers which are available on the market. The optimizers should be able
to limit the output voltage. The set limit value (limitation value) should fulfill
the above condition in terms of maximum output voltage of the optimizer and
of the whole PV-field. That limit value is set during the production of
optimizers or to be a factory preset voltage limits by the manufacturer or can
be achieved by entering the appropriate setting by the user, by providing
rights and access of settings of optimizers by the producer.

The photovoltaic system for generating and supplying electrical energy to the
direct current grid and its consumers is illustrated by several embodiments.
One of them is shown of the fig.2, where the PV-field includes single
photovoltaic structure 3 with a connected optimizer 12 to (+) output 7 and
(-)output 8 of the PV-structure 3. The outputs of this optimizer 12 are the
common (+)output line 9 and the common (-Joutput line 10 of the PV-field 2.
In this case the photovoltaic structure 3 is a group 5 of single serial
connected PV-panels. The optimizer 12 is selected in a way, so that can
fulfill the above mentioned conditions, and as more precisely — PV-field 2 to
have nominal voltage relevant to the operating voltage of the direct current
grid 1 and maximum output voltage of the PV-field to be lower than the

maximum permissible voltage of the direct current grid 1. Moreover the
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optimizer 12 has input voltage relevant to the voltage of the maximum power
point (MPP) of the PV-structure 3 and output voltage relevant to the nominal
voltage of the DC grid. Moreover the output voltage of the optimizer 12 is
limited in all operating modes to a value, which not exceeds the maximum
permissible operating voltage of the DC grid and its consumers. As the
example is related to supplying part of the energy of the direct current grid 1
of the public transport, which is a trolleybus in the current situation, on the
fig. 2 is shown the rectifier 14, which is supplying the main part of the
needed energy of the direct current grid 1. The example on the fig.2
illustrates the protective block 11, which is connected to the common

(+)output line 9.

Similarly, the photovoltaic structure 3 can be only single photovoltaic panel 4,
so the optimizer 12 is only one connected between (+)output 7 and (-)output
of this photovoltaic panel 4. The outputs of the optimizer 12 are the common
(+)output line 9 and the common (-)output line 10. This embodiment is not
shown separately on the figures, as all the connections and selected

conditions are identical with those which are already explained on fig.2.

On the fig.3 is shown an embodiment of the photovoltaic system according
to the invention, where the PV-field 2 is composed from some, at least two,
photovoltaic structures 3, where each one is so called “smart photovoltaic
panel” 6. They are serial connected and have an integrated optimizers 12,
responding to the above mentioned conditions. This realization is equivalent
to the realization of the PV-field from several photovoltaic structures 3, each
of them represents single PV-panel 4, with connected optimizer 12 as it is
shown on fig.4. According the both equivalent realization the optimizers 12,
integrated or additional mounted, are serial connected to each other and
form a group of serial connected optimizers, whereupon one of the outputs
of the first and the last from serial connected optimizers 12 are the common

(+)output line 9 and the common (-)output line 10.

On the fig.5 is shown next embodiment of the PV-field 2, formed from

several photovoltaic structures 3 representing a group 5 of single PV-paneIs

9
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4. The number of PV-panels 4 included in the group 5 can be equal or
different, for example similarly on the shown on fig. 2 photovoltaic structure.
The number of the PV-panels 4 in the group 5 is defined from the conditions
at which is set this group 5. In this embodiment there is connected optimizer
12 between the (+)output 7 and (-)output 8 of each photovoltaic structure 3.
It is formed a group of serial connected optimizers 12, whereupon one of the
outputs of the first and the last from serial connected optimizers 12 are the
common (+)output line 9 and the common (-)output line 10. The optimizers

12 are selected in a way, so that can fulfill the above mentioned conditions.

INDUSTRIAL APPLICABILITY

When using the invention, incoming on the PV-panels solar radiation is
converted into direct current (DC) electrical energy. The energy, coming out
of the outputs of any photovoltaic structure 3, formed by the PV-panels 4,
enters at the input of each optimizer 12. It converts the electrical values of
the PV-panels 4-voltage and current (U, I), which are input parameters for
optimizer 12. On output of the optimizer are obtained other electrical ratio (U,
1), but keeping the same power (the multiplication of U and ), except for the
losses in the optimizer. This is due to the conditions on the basis of which
the selection of optimizer or the group of optimizers is made. The common
output lines 9 and 10 of the optimizer 12, respectively of the group of
optimizers 12 are connected directly to the DC grid, through at least one

protective block 11 depending on the necessity.

In general, the voltage at the maximum power point (MPP) of the panels is
variable depending on the temperature, radiation, shading, aging and
degradation of the panel, etc., and the voltage of the grid can be also
variable depending on the load tolerance and varying the voltage in
electricity transmission and distribution grid, recuperation of vehicles
energized by DC grid and others. By specified conditions for selecting
optimizer, each optimizer keeps the voltage of PV- pahels and/or
photovoltaic structures 3 exactly at the maximum power point (MPP),

regardless of DC grid voltage. So the optimizer or group of optimizers

10
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provides operation of the photovoltaic panels on each photovoltaic structure
in optimum working point, although the voltage of the panels and the voltage

of the DC grid are not the same.

To reduce or, in the case of dropping consumption and/of emergency
modes of exclusion of consumers, photovoltaic panels from PV- structures 3
of photovoltaic field 2 remain at open circuit mode and the voltage increase
on their outputs. At this point, every optimizer 12, limit the voltage regardless
of the higher value of the voltage from the PV structure, which is an input
voltage for optimizer, it has the output voltage, which is not higher than the
pre-set value in the selection and configuration of the optimizer. This limited
value of the output voltage does not change, regardless of the higher input
voltage of the panels. This is a solution of the problem of voltage regulation,
not allowed to supply higher voltage from PV field in the DC grid and the
whole system works with high security. The photovoltaic system according to
the invention, supplying DC grid with the generated energy, while operating
synchronously with conventional power sources and thus replace partially or

entirely conventional electrical energy with photovoltaic energy.

11
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CLAIMS

1. Photovoltaic system for generating and supplying energy to DC grid and
its consumers, including photovoltaic field, composed of at least one
photovoltaic structure representing a single PV-Panel or group of PV panels,
which photovoltaic field has a relevant voltage, and each of the photovoltaic
structures has the (+)output and (-)output, as there are also common
(+)output line and common (-)output line, as well as a protective'block with a
protection commutative apparatuses, characterized by that to the outputs
(7, 8) on each of the photovoltaic structures (3), forming a photovoltaic field
(2) is connected an optimizer (12), whose outputs are connected to each
other and/or in the configuration of the PV-field in the known manner to the
common (+)output line (9) and common (-)output line (10) and the protective
block (11) is mounted to at least one of the common output lines (9, 10),
which are connected to the DC grid (1) while each optimizer’s type is such
that it allows both of conditions to be simultaneously fulfilled during its
operation in the photovoltaic field — photovoltaic field to have nominal
voltage, relevant to the nominal voltage of the DC Grid (1) and ‘photovoltaic
field (2) to have maximum limited output voltage lower than the maximum

permissible voltage of the DC Grid (1).

2. Photovoltaic system according to claim 1, characterized by that the
photovoltaic field (2) is formed from a single photovoltaic structure (3), as the
connected optimizer (12) between its (+)output (7) and (-)output (8) is one,
and its outputs are common (+)output line (9) and common (-)outputlline
(10).

3. Photovoltaic system according to claim 2, characterized by that the
photovoltaic structure (3) is a group (5) of individual photovoltaic panels (4),

connected in series.

4. Photovoltaic system according to claim 2, characterized by that the

photovoltaic structure (3) is a single photovoltaic panel (4).

12
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5. Photovoltaic system according to claim 1, characterized by that the
photovoltaic field (2) includes at least two photovoltaic structures (3) which

are connected in a known manner.

6. Photovoltaic system according to claim 5, characterized by that at least

one of the photovoltaic structures (3) is a single photovoltaic panel (4).

7. Photovoltaic system according to claim 5, characterized by that at least
one of the photovoltaic structures (3) is a "smart photovoltaic panel” (6), in

which the optimizer (12) is embedded.

8. Photovoltaic system according to claim 5, characterized by that at least
one of the photovoltaic structures (3) is a group (5) of a single photovoltaic
panels (4), and from the connected optimizers (12) to the outputs of the
photovoltaic structures (3) is formed a group of serial connected optimizers
(12).

13
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