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FIG. 1

(57) Abstract: The present invention refers to a system (100) for distributing and storing electric energy, comprising: - a first input
terminal (103) connectable to a fixed electric network (105) for withdrawing electric energy from the latter; a second input terminal
(106) connected or connectable to an electric energy source (107) alternative to the fixed electric network, particularly a renewable
energy source, for withdrawing electric energy from the latter; an output terminal (102) for delivering electric energy to one or more
users (101); a first input/output terminal (100) connected or connectable to a first storage system (8) for storing electric energy in the
latter and for withdrawing stored electric energy from the same; a second input/output terminal (112) connected or connectable to a
second storage system (9) for storing electric energy in the latter, and withdrawing stored electric energy from the same, the second
storage system (9) being of a type different from the first storage system (8); a control module (3) configured in order to deliver elec-
tric energy to one or more users (101) by withdrawing it until it is reached an instant required quantity with the following sequence:
1) from the alternative electric energy source (105); 2) from the first storage system (8); 3) from the second storage system (9); 4)
from the fixed electric network (105).
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“SYSTEM FOR DISTRIBUTING AND STORING ELECTRIC ENERGY”

Field of the invention

The present invention refers to a system for distributing and storing electric
energy and finds an application for example in residential or industrial structures,
generally connected to a fixed electric network and provided with alternative
energy sources, specifically renewable energy sources such as photovoltaic
panels, wind systems, photovoltaic or geothermal fields.

Prior art

It is known that residential or industrial structures can be supplied by electric
energy delivered from renewable sources, parallely to the fixed network. The
renewable sources, by their nature, are capable of supplying energy only in
particularly circumstances. For example, the photovoltaic panels are capabie of
supplying electric enérgy only in the daytime, while wind systems only in the
presence of wind. When the electric energy supplied by the renewable sources
is not sufficient, the electric current is withdrawn from the fixed electric network.

The known systems have been devised for putting the alternative sources
before the fixed network, in other words to supply electric energy to the users by
withdrawing it from an alternative source, if it is possible.

Often, however, the output peaks of an alternative source are not the same
as the peaks required by the users, so that, if the energy produced by an
alternative source is low in comparison With the one required by the users, the
energy must be withdrawn from the fixed network, while in the presence of a
high energy output with respect to the necessity of the users, the surplus of
energy is released to the network, without storing it.

Therefore, the known systems are generally not capable of storing the
energy produced by the alternative sources when it is low the demand from the
users and to give it back when necessary. Therefore, the dependence on the
fixed network is still substantial.

Even though it has been tried the use of batteries for storing energy, their
use is still substantially troublesome. In fact, the known batteries, besides ‘
generally having short cycle lives, require a complex maintenance and therefore

entail high costs, which cancels the economical advantages typical of the use of



WO 2014/122545 PCT/IB2014/058457

energy sources alternative to the fixed network.

Summary of the invention

Therefore, an object of the present invention consists of making available a
system for distributing and storing electric energy, which exploits energy sources
alternative to the fixed network, and which enables to efficiently exploit the Iafter,
in other words capable of maximizing the quantity of energy produced by the
alternative sources which is really used by the users connected to the system.

A further object of the present invention consists of making available a
system for distributing and storing electric energy which shows a sufficiently long
duration.

This and other objects are met by a system for distributing and storing
electric energy according to claim 1.

Brief description of the drawings

To better understand the invention and appreciate its advantages, in the
following some exemplifying non-limiting embodiments thereof will be described
with reference to the attached drawings, wherein:

Figure 1 is a schematic view of a system for distributing and storing electric
energy according to a possible embodiment of the invention.

Detailed description of the invention

With reference to Figure 1, a system for distributing and storing electric
energy has been generally shown by 100. System 100 is suitable for being
installed in residential structures, such as condominiums or private houses, or in
industrial structures, such as manufacturing plants or photovoltaic fields.

System 100 is suitable for supplying electric energy to one or more users
10'1, for example houses in a residential structure, or departments of an
industrial structure, or for reselling it to the network of a public or private energy
provider, by withdrawing it from different sources. To this end, system 100
comprises at least one output terminal 102 for supplying electric energy to users
101.

System 100 comprises at least one first input terminal 103 connectable to
the fixed electric network for withdrawing electric energy from the latter. In
Figure 1, the fixed electric network has been schematically shown by reference

number 105. The current supplied by the fixed electric network 105 is usually of
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the alternate current type.

Moreover, system 100 comprises at least one second input terminal 106
which is connected or connectable to at least one electric energy source 107
alternative to the fixed network, for withdrawing electric energy from the latter.
Specifically, the alternative energy source 107 can comprise renewable energy
sources such as, for example, photovoltaic panels, wind turbines, or geothermal
sources, etcetera.

According to a possible embodiment, system 100 comprises at least one
third input terminal 108 connected or connectable to an auxiliary generation
system 109, for withdrawing energy from the latter for example in case of fails,
emergency, maintenance, or in case of an insufficient energy output from other
sources. For example, the auxiliary generation system 109 can comprise power
and cogeneration units, for example supplied by fossil fuels or liquefied
petroleum gas. The activation of the auxiliary generation system 109 can be for
example managed by an auxiliary control module 11.

System 100 comprises a first input/output terminal 110 connected or
connectable to a first storage system 8 for storing electric energy in the latter
and for withdrawing the stored electric energy from the same. Further, system
100 comprises a second input/output terminal 111 connected or connectable to
a second storage system 9 for storing electric energy in the latter or withdrawing
the stored electric energy from the same. First and second storage systems 8, ©
are different from each other. Preferably, first storage system 8 is characterized
by charge and discharge rates greater than the second storage system, but it
stores smaller quantities of energy.

Particularly, first storage system 8 preferably comprises one or more
supercapacitors, serially and/or parallelly connected to each other. The term
“supercapacitor” means a type of accumulator which is known per se, which
exploits the capability of the capacitors to store electrical charge. The
supercapacitors, in comparison with chemical type batteries, show shorter .
charge and discharge times; however, they are capable of storing a quantity of
energy lower than the one of the chemical accumulators.

Preferably, second storage system 9 comprises one or more chemical-type

batteries, which are also serially and/or parallelly connected to each other, still
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more preferably one or more lithium batteries, for example LiFePO4-type
batteries.

Advantageously, a first and second balancing systems 112, 113 are
associated to the first and second storage systems 8, 9, respectively. Such
balancing systems 112, 113 preferably comprise one or more electronic devices
associated to each element of the storage systems 8, 9 (for example associated
to each supercapacitor and to each lithium battery) and have the function of
maintaining, during the recharging step, the recharging voltage comprised
between predetermined values, specifically of supplying the storage systems
with voltage values substantially equal to the rated voltage. In this way,
overvoltages are avoided which could damage the elements of a storage sysem,
and reduce their lifetime and operability. Advantageously, the balancing systems
112, 113 are of the active-type, in other words they can be activated in a
controlled way by switching their inside electronic components (particularly
MOSFET transistors and microprocessors). Further characteristics and functions
of a balancing system will be described in the following.

Advantageously, system 1 comprises a module 1 for filtering the electric
signal from the fixed network 104. According to a possible embodiment, filtering
module ‘1 comprises one or more passive filters suitable for reducing possible
peaks or noises (for example RFI or EMI noises). ‘

More advantageously, system 100 comprises a transforming module 2 for
modifying the voltage output by filtering module 1, into a different voltage,
suitable to be managed by the system 100. Transforming module 2 can
comprise transformers of different types, for example electromechanical-type
transformers or electronic-type transformers, known per se, preferably a puli-up
transformer. According to a possible embodiment, the transforming module 2
comprises an insulating transformer, for example a toroidal electromechanical
transformer, having an electric insulation between the windings such to
electrically insulate the electric network 105 from users 101. Alternatively,
transforming module 2 can comprise a “switching” electronic-type transformer.
The voltage output from transforming module 2 is preferably comprised between
24 VAC - 1000 VAC.

System 100 comprises a control module 3 configured to supply electric
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energy to users 101 by alternatively withdrawing it from the alternative electric
energy source 107, from the first storage system 8, from the second storage
system 9, from the fixed electric network 105, or possibly from the auxiliary
generation system 109, in a way that will be described in the following.
Moreover, control module 3 manages the recharge of the first and second
storage systems 8, 9, in ways that will be described in the following, by
withdrawing the necessary energy from the alternative electric energy source
107, fixed electric network 105, or possibly from the auxiliary generation system
109.

According to a possible embodiment, control module 3 comprises an
electronic board provided with a microprocessor.

Preferably, system 100 comprises a module 4 for pre-processing the
currents from the alternative energy source 107. It has the function of equally
dividing the voltages of the currents from such source 107, and particularly of
avoiding overloads or energy losses caused by voltage differences. For
example, with reference to the modules of photovoltaic panels, each of them
could supply current at different voltage. The pre-processing module 4 paralilelly
connects such modules, in order to smooth the voltages. The pre-processing
module 4 comprises for example power diodes and smoothing capacitors. The
voltage of the current from the pre-processing module 4 is preferably comprised
between 80 VDC and 1000 VDC.

Preferably, between the control module 3 and users 101, system 100
- comprises a module 7 for processing the output current. Such module 7 has the
function of taking the current from control module 3 to voltage and intensity
values suitable for the users. Moreover, module 7 is capable of converting the
continuous current into alternate current in case the users 101 use continuous
current. According to a possible embodiment, the output current processing
module 7 comprises an inverter system. Preferably, currents from processing
module 7 have a voltage comprised between 12 VAC and 560 VAC.
Alternatively, they can have a voltage comprised between 5 VDC and 2000
'VDC. .

Advantageously, system 100 comprises a first and second recharge

modules 5, 6 which are associated to the first and second storage modules 8, 9,
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respectively. First and second recharge modules 5, 6 are commanded by the
control module 3 and have the function of managing the recharge of first and
second storage modules 8, 9. Specifically, they acts on the charge currents as
they are supplied by the control module 3 and make them suitable for the
storage systems 8, 9. Preferably, the voltages of the currents from control
module 3 to the recharge modules 5, 6 are comprised between 80 VDC and
1000 VDC. According to a possible embodiment, recharge modules 5, 6
comprise respective electronic boards provided with a microprocessor.
Advantageously, recharge modules 5, 6 adjust the charging currents of the
storage systems according to the pulse width modulation (PWM), with a
frequency preferably comprised between 10 HZ and 25 KHz. More
advantageously, recharge moduies 5, 6 are configured to activate the first and
second balancing systems 112, 113, respectively associated to the first and
second storage systems 8, 9 only when the latter are recharged. The use of
active-type balancing systems which are activated only if need be, enables to
limit the energy losses which would exist for example if passive-type balancing
systems are used.'ln fact, the latter, of the resistive type, are always active and
therefore they continuously dissipate energy. This case does not occur when the
active balancing systems dissipate energy just when they are activated by the
recharge modules. Still more advantageously, recharge module 5, 6 are
configured to deactivate the balancing systems 112, 113 when the
corresponding storage systems 8, 9 are completely charged or have reached a
predetermined charge level.

Further advantageously, recharge modules 5, 6 monitor the maximum
temperatures and currents in the first and second storage systems 8, 9, in order
to prevent them to damage the systems.

According to a possible embodiment, system 100 comprises an user
interface modulé 10 for enabling an user to manage the system 100 and
displaying its operative parameters. The user interface module 10 can for
example comprise a PLC or a microprocessor, and a display system, for
example a screen. The user interface module 10 communicates with at least
some of the sysem modules or devices. Particularly, it preferably communicates

with the transforming module 2, control module 3, pre-processing module 4, first
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recharge module 5, second recharge module 6, first storage system 8, and
second storage system 9. The data transmission among the above mentioned
modules and user interface module 10 can be performed by a wired system or
wirelessly.

According to a possible embodiment, it is possible to provide proportional
switches between the control module 3 and, respectively, the transforming
module 2 and/or first recharge module 5 and/or second recharge module 6.

In the following, the modes for managing the energy flows from the control
module 3, particularly the modes for selecting the energy source for supplying
the electric current requested by the users 101, and the modes for recharging
the first and second storage systems 8, 9 will be described.

Control module 3, given a certain instantaneous quantity of energy
requested by the user, withdraws such energy from one source at a time
according to a predefined sequence. Particularly, control module 3 is configured
to supply 3 electric energy to the user 101 by withdrawing it until it is reached an
instantaneous required quantity with the following sequence:

1) from the alternative electric energy source 107;

2) from the first storage 8;

3) from the second storage system 9;

4) from the fixed electric network 105.

Therefore, firstly, the electric energy for users 101 is withdrawn from the
alternative electric energy source 107. If the instantaneous energy quantity
available from the alternative electric energy source 107 is not sufficient to meet
the need of users, it is withdrawn energy not only from the alternative electric
energy source 107, but also from the first storage system 8. If the available
overall instantaneous energy quantity from the alternative electric energy source
107 and first storage system 8 is not enough to meet the need of the users, it is
withdrawn energy, not only from the alternative electric energy source 107 and
first storage system 8, but also from the second storage system 9. If the
available overall instantaneous energy quantity from the alternative electric
energy source 107, first storage system 8 and second storage system 9 is not
enough to meet the need of the users, it is withdrawn energy, not only from the

alternative electric energy source 107, first storage system 8 and second
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storage system 9, but also from the fixed electric network 105.

In case no source is available among the above mentioned energy sources,
or in case no source has met the maximum instant suppliable energy quantity,
control module 5 can withdraw further energy from the auxiliary generation
system 109.

As it will be better undérstood by a person skilled in the art, control module 3
acts in order to withdraw energy from the fixed electric network 105 and/of from
the auxiliary generation system 109 only in case of necessity.

It is important to note that the first and second storage systems 8, 9 are
used one after the other, in other words it is required energy to the second
storage system 9 only when the first storage system 8 is no more capable of
supplying energy. This mode for withdrawing energy causes the first storage
system 8 to be used more than the second one 9, and therefore it will have a
long lifetime and it will need a limited maintenance. The use of supercapacitors
in the first storage system 8 and of chemical batteries, particularly lithium
batteries, in the second storage system 9 is particularly advantageous with
reference to this principle of exploiting the storage systems. In fact, lithium
batteries, which are more affected by repeated charge cycles than the
supercapacitors, are used less than the latter.

Therefore, when the instant energy required by the users 101 is greater than
the instant energy available from the alternative energy source 107, it is
successively used the charge of the first and second storage systems 8, 9.

Instead, in case the instant energy required by the users 101 is equal
(except for the energy losses inside the system 100) to the instant energy
supplied by the alternative energy source 107, all the energy is withdrawn from
the latter.

In case the instant energy required by the uses 101, is less than the instant -
energy supplied by the alternative energy source 107, users 101 will receive all
the requested energy from the alternative energy source 107, and the energy
surplus is used for charging the storage systems 8, 9.

Advantageously, control module 3 is configured to recharge the storage
systems 8, 9 according to a predetermined sequence. Particularly, it is

performed a complete recharge, or to a predetermined charge level, before the
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first storage system 8. Only at the end of this operation, the second storage
system 9 is completely recharged or to a predetermined maximum level.

Therefore, also during the recharging processes, second storage system 9
gives place to the first storage system 8. In fact, first storage system 8, as
previously discussed, is more often subjected to a discharge and therefore is
more frequently recharged. In this way, second storage system 9 is more
preserved since it is recharged for a smaller number of times than the first
storage system. Also the logic for recharging the storage systems is particularly
advantageous when combined with the use of supercapacitors in the first
storage system 8 and of chemical batteries, particularly lithium batteries, in the
second storage system 9. In fact, the latter, more subjected to wear due to the
repeated charge and discharge cycles, are recharged a smaller number of times
than the supercapacitors, which instead are less subjected to wear caused by
repeated cycles. Moreover, the recharging modes ensure therefore a long
lifetime of the system 100.

It is observed that in the present description and in the attached claims,
terms as “instant energy” or “quantity of instant energy” refer to magnitudes such
as electric power or similar magnitudes.

Moreover, it is observed that in the present description and in the following
claims, system 100 and the elements indicated by the term “module” can be
implemented by hardware devices (control units, for example), by software or by
a combination of hardware and software.

From the above description, the person skilled in the art could appreciate
that the system, according to the invention, enables to store energy from
sources alternative to the electric network, and therefore enables to substantially
reduce the necessity of withdrawing current from the fixed electric network or
from auxiliary generation systems.

The person skilled in art can also appreciate that the charge and recharge
modes of the storage systems ensure a long lifetime thereof and therefore a
long duration of the overall system.

Lastly, the person skilled in the art could appreciate that the system
according to the invention enables to reduce the energy losses thanks to the

presence of the active balancing systems which are activated only during the
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steps of recharging the storage systems.

According to the invention, to the described embodiments of the system for
distributing and storing electric energy, a person skilled in the art in order to
meet specific contingent needs, could add several additions, modifications, or
substitutions of elements with other operative equivalents, without falling out of

the scope of the attached claims.
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CLAIMS

1. System (100) for distributing and storing electric energy, comprising:

- a first input terminal (103) connectable to a fixed electric network (105) for
withdrawing electric energy from the latter;

~ - a second input terminal (106) connected or connectable to an electric
energy source (107) alternative to the fixed electric network (105), particularly a
renewable energy source, for withdrawing electric energy from the latter;

- an output terminal (102) for delivering electric energy to one or more users
(107);

- a first input/output terminal (110) connected or connectable to a first
storage system (8) for storing electric energy in the latter and for withdrawing
stored electric energy from the same;

- a second input/output terminal (112) connected or connectable to a second
storage system (9) for storing electric energy in the latter and withdrawing stored
electric energy from the same, the second storage system (9) being of a type
different from the first storage system (8);

- a control module (3) configured in order to deliver electric energy to one or
more users (101) by withdrawing it until it is reached an instant required quantity
with the following sequence:

1) from the alternative electric energy source (105);

2) from the first storage system (8);

3) from the second storage system (9);

4) from the fixed electric network (9).

2. System (100) according to claim 1, comprising a third input terminal (108)
connected or connectable to an auxiliary generation system (109), wherein said
control module (3) is configured so that, without available electric energy from
the fixed electric network (105) or-if it is exceeded the instant quantity available
from the same, the electric energy to be delivered to the one or more users
(101) is withdrawn subsequently:

5) from the auxiliary generation system (109).

3. System (100) according to claim 1 or 2, wherein said control module (3) is
configured so that if the instant energy quantity required from the one or more

users (101) is less than or equal to the instant energy quantity available from the
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alternative electric energy source (107), all the electric energy for the users
(101) is withdrawn from the alternative electric energy source (107), and the
excess of the available electric energy is delivered with the following sequence,
until it is reached a corresponding complete recharge or until it is reached a
predetermined charge level:

1) to the first storage system (8);

2) to the second storage system (9).

4. System (100) according to anyone of the preceding claims, wherein said
control module (3) is configured so that if the instant energy quantity required by
the users (101) is greater than the instant energy quantity available from the
alternative electric energy (107), the electric energy for the users (101) is
withdrawn with the following sequence, until it is reached the corresponding
complete charge or until it is reached a predetermined minimum charge level:

1) from the first storage system (8);

2) from the second storage system (9).

5. System (100) according to anyone of the preceding claims, wherein said
control module (3) is configured so that if the instant energy quantity required by
the users (101) is greater than the instant energy quantity available from the
alternative electric energy source (107), and both the first (8) and second
storage systems (9) are completely discharged, or have a remaining charge less
than or equal to a predetermined minimurh charge level, the electric energy for
the users (101) is withdrawn from the fixed electric network (105) and/or from
the auxiliary generation system (109).

6. System (100) according to anyone of the preceding claims, wherein said
first storage system (8) is characterized by charge and discharge rates greater
than the ones of the second storage system (9) and by storable energy
quantities less than the ones of the second storage system (9). -

7. System (100) according to anyone of the preceding claims, wherein said
first storage system (8) comprises one or more supercapacitors, and said
second storage system (9) comprises one or more chemical batteries,
particularly lithium batteries.

8. System (100) according to anyone of the preceding claims, comprising a

first balancing system (112) associated to the first storage system (8), and a
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second balancing system (113) associated to the second storage system (9),
arranged so that the supply voltages of the first (8) and second storage systems
(8) are kept inside predetermined values during the recharge.

9. System (100) according to the preceding claim, comprising a first (5) and
a second recharge modules (6) associated to the first (8) and second storage
systems (9) respectively, and connected to the control module (3), wherein said
first (112) and second balancing systems (113) are of the active type, and said
first (6) and second recharge modules (6) are configured to keep active the first
(112) and the second balancing systems (113) only during the recharge
respectively of the first (8) and the second storage systems (9).

10. System (100) according to anyone of the preceding claims, comprising a
module (1) for filtering the electric signal from the fixed network (105), and a
transformer module (2) for modifying the voltage output from the filtering module
.

11. System (100) according to anyone of the preceding claims, comprising
an user interface module (10) so that an user can manage the system (100),
and for displaying its operative parameters.

12. System (100) according to anyone of the preceding claims, comprising
an inverter module (7) for processing the current for the one or more users, or

dedicated for selling it to an energy provider (101).
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