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SYSTEM FOR CONTROLLING AN ELECTRIC POWER GENERATION FACILITY AND 
 ELECTRIC POWER GENERATION FACILITY IMPLEMENTING SUCH A SYSTEM.

This system is for controlling an electric power 
generation facility comprising a number of photovoltaic 
modules (3) mounted in series and/or in parallel and 
coupled to an electrical circuit (1) for powering an 
electricity storage battery (13) or powering one or several 
electrical loads or which can even be connected to the 
power supply network (9), said circuit incorporating an 
electric switch (4) capable of neutralizing the electric 
power provided by the output of the power terminals of 
said modules (3). 
 It comprises a transmitter (7), electrically powered by 
the circuit, and designed to periodically send an alternating 
signal (8) for detection by a receiver (5) controlling the 
switch (4) on the circuit, in order to open or close the latter. 
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SYSTEM FOR CONTROLLING AN ELECTRIC POWER GENERATION

FACILITY AND ELECTRIC POWER GENERATION FACILITY 

IMPLEMENTING SUCH A SYSTEM

FIELD OF THE INVENTION5 

The invention relates to the general field of electric power production by means of 

photovoltaic panels or modules. Such panels are known to produce solar power as a 

direct electric current. 

10 

It relates more specifically to an electric power generation facility. Such facilities 

implement said photovoltaic modules as electric generators, and furthermore 

incorporate one or several devices capable of storing the electricity thus produced, in 

particular one or several batteries, or can even be connected to the domestic power 

network via a converter. 15 

PRIOR ART

The regular increase in oil prices as well as the growing public awareness of the 

problems caused by the pollution inherent to fossil fuels in general and to that 20 

resulting from the combustion of hydrocarbons in particular, obviously support the 

development of the so-called renewable energies and particularly solar power. 

In addition to its non-polluting nature, solar power is particularly well-suited to the 

production of electricity in remote locations, such as desert regions or areas with low 25 

population density, in which the cost of supplying electric power by conventional 

means, namely via the domestic network, is prohibitively high. 

Unfortunately, experience has shown that the solar modules used in these facilities are 

often removed or stolen by thoughtless individuals in order to be sold or reassembled 30 

in other locations. 

To combat this theft, solutions have been proposed to discourage these malicious acts, 

focusing the protection on the mechanical aspect, in particular through the use of 

mechanically-welded structures. 35 
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However, the modules thus equipped are heavy and cumbersome, such that they affect 

the modularity of the facilities that are likely to use them. Moreover, at best they 

contribute to delaying the thefts, but are not really dissuasive with regard to such acts. 

Other systems have also been implemented more effectively against theft, in particular 5 

by incorporating, into the electrical circuit, switches designed to prohibitively and 

definitively switch off the photovoltaic panel in question, by building the switch 

directly into the active material of said panel. 

The advantage of this type of electric power production facility is not limited to these 10 

remote locations. Indeed, the renewable energy boom has led to the installation of 

photovoltaic module arrays on the rooftops of houses. In this case, the array is 

connected to the domestic power supply. This coupling nevertheless requires high 

voltages at the terminals of the electrical circuit in said array. Consequently, this type 

of facility exposes the personnel tasked with its setup and maintenance to a certain 15 

amount of risk, due to the very fact of the physical principle underlying energy 

production. 

Indeed, by design, the photovoltaic modules constituting such a facility produce 

electricity from solar radiation, this production being non-stop even when the circuit 20 

to which they are connected is switched off. This voltage is even higher if there is a 

greater number of modules, or even if there is a greater number of branches of such 

modules mounted parallel to one another, thus constituting the photovoltaic array of 

the facility.  

25 

This potential danger also concerns first responders, in particular firefighters if there is 

a fire, who are likely to have to move about or intervene on the roof in question. 

Thus, the voltage between the two terminals on the electric power supply circuit of the 

house in question, when this power is produced by photovoltaic modules, can easily 30 

exceed the normative value of 120 volts, which is a safety limit, and can easily reach 

several hundred volts, i.e., a voltage that is largely sufficient to electrocute the 

personnel in question.
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This specific technical issue has not been raised to date, and a fortiori has not been 

solved. 

The invention aims to provide a solution that remedies both this problem and that of 

the aforementioned theft. It also aims to ensure improved management in terms of 5 

charging or discharging the battery storing the electricity produced, if the facility in 

question is coupled to such a battery. 

DESCRIPTION OF THE INVENTION

10 

This invention relates to a system for controlling an electric power production facility 

comprising a number of photovoltaic modules mounted in series and/or in parallel in 

order to constitute an electrical circuit for powering a storage battery or powering an 

electrical load or which can even be connected to the power supply network, said 

circuit incorporating an electric switch capable of neutralizing the electric power 15 

provided by the output of the power terminals of said modules. 

According to the invention, the electrical circuit in question is also coupled to a 

transmitter designed to periodically send an alternating signal for detection by a 

receiver controlling the switch, in order to open and close the latter. 20 

In other words, the invention consists of sending, by any means, an alternating signal 

with specific characteristics (for example, set frequencies and/or amplitudes) that can 

be detected by the receiver present in the circuit, to control the opening and closing of 

the circuit. 25 

The periodic signal can be transmitted by radio waves insofar as both the transmitter 

and the receivers of said switches are fitted with devices enabling this transfer. 

These means can also be wiring. In this case, in addition to the electric power supply 30 

cables, the facility is also fitted with wires connecting the transmitter to the switch 

receivers to convey the periodic signals. 
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Lastly, said periodic signal can also be superimposed on the direct carrier current 

running through the power or use circuit. 

According to a first embodiment of the invention, each of the modules in the circuit is 

connected to such a receiver, said modules in question also incorporating a switch. 5 

According to another embodiment of the invention, the facility comprises several 

branches which themselves comprise several photovoltaic modules arranged in series; 

according to this configuration, only each of the branches comprises a switch and a 

receiver according to the invention, and not each of the modules constituting them. 10 

Advantageously, the transmitter is fitted with suitable means for receiving the remote-

control signals, such as, for example, a radio frequency receiver or a telephone 

network switch, in order to make it possible to remotely control the facility and in 

particular to shut it down, for example in the event of failure to pay the maintenance 15 

fees. 

SUMMARY DESCRIPTION OF THE DRAWINGS

The means for achieving the invention and the resulting advantages will be better 20 

illustrated by the following non-limiting examples of embodiments, which are 

provided for information purposes only and shown in the drawings appended hereto. 

Figure 1 is a schematic illustration of a circuit according to a first embodiment of the 

invention, in which the electric power production facility is connected either to the 25 

domestic power supply or to an electrical load using the electricity produced. 

Figure 2 is a similar illustration to Figure 1 of a facility producing electric power for 

storage. 

DETAILED DESCRIPTION OF THE INVENTION30 

As stated previously, Figure 1 shows the electrical diagram of a photovoltaic electric 

power production facility, more particularly one designed to be connected to a 

domestic electrical power supply network or to an electrical load such as, for example, 

a submersible pump. 35 
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In this case, this facility essentially comprises a certain number of electric generators 

(2), mounted in series, with Figure 1 illustrating in this case three series of such 

generators (2) mounted in parallel. 

Each of these generators (2) is composed of a photovoltaic power module (3). Said 5 

photovoltaic module (3) is known per se to convert solar radiation into direct electrical 

current. 

In the example described, each of the modules comprises an electronic switch (4), and 

in this case a field-effect transistor, manufactured using MOSFET technology. 10 

Advantageously, this transistor is built into the module and for example on the back of 

the module’s active side. It is embedded in a resin that is bonded to the module, such 

that this transistor is impossible to access without destroying the active side of the 

module and thus rendering the latter completely useless. According to one variant, the 15 

switch is encapsulated within the sandwich structure constituting said active side of 

the module. 

According to the invention, the operation of this transistor is controlled by a receiver 

(5) capable of causing said switch (4) to open or close according to a coded signal sent20 

as an alternating signal through the power circuit (1).

More specifically, the circuit (1) closed in particular on an inverter or converter (6), 

known to be used to convert the direct current produced by the photovoltaic modules 

(3) to alternating current, optionally connected to the domestic network (9), thus25 

receives an alternating signal (8) generated by an electrically-powered transmitter (7)

upstream or downstream from the inverter (6).

More specifically and in the example described in relation to Figures 1 and 2, this 

alternating electric signal accompanies the direct carrier signal flowing through the 30 

circuit (1). However, this signal could be transmitted by radio frequency or wire 

connections. 

This signal is coded (in particular for frequency and/or amplitude) and is detected by 

the receiver (5), with the latter incorporating, in the embodiment described, an 35 

electronic circuit for detecting said signal to this effect. 
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Thus, if the transmitter (7) detects a lack of current in the domestic power supply 

network (9) or a failure thereof, it stops the periodic transmission of the coded 

alternating signal through the circuit (1), whose absence, identified by the receivers 

(5), causes the latter to open the corresponding switches (4) such that the circuit (1) 

powers down as does each of the branches (10, 11, 12) constituting it. 5 

The entire circuit (1) is thus powered off; in other words, the difference of potential 

between its two terminals is 0 even though the modules (3) are still exposed to solar 

radiation, because the switches opened by the receivers no longer connect said 

modules in the circuit (1). 10 

Accordingly, this makes it possible for maintenance or safety personnel to intervene 

with no risk of electrocution from the facility. 

According to one variant of the invention, the switch (4) can only be present on each 15 

of the branches (10), (11), (12) and not on each of the modules (3). In such a 

configuration, the switch in question is built into a junction box, with each branch thus 

comprising a junction box. 

According to another variant of the invention shown in Figure 2, this facility is remote 20 

insofar as it is not connected to the domestic power supply network. 

This kind of facility is used in particular in remote areas such as desert or mountainous 

regions, etc. and more generally areas that are difficult to access or are not profitable 

in terms of network installation. 25 

The circuit (1) is then closed on a storage battery (13) known for storing the electricity 

produced by the branches (10), (11), (12) of the photovoltaic modules (3).  

This circuit (1) also comprises a transmitter (7) which in this case is directly supplied 30 

in electric power by the circuit (1).  

Exhibit 1008 
Page 7 of 52



2894401 
7 

This transmitter (7), as in the previously-described facility, also transmits, according 

to a set timing such as every five minutes, a periodic alternating signal that can be 

detected by the receivers (5) acting on the switches (4) connected to each of the 

modules (3) or to each of the branches (10), (11), (12)  

5 

If this periodic alternating signal is not detected by the receivers (5), either due to 

instructions received by the transmitter (7) or due to its power failure following an 

overall power outage caused, for example, by a fire, or due to the theft of one or 

several of the photovoltaic modules comprising the facility, the switches are opened 

and the circuit (1) is powered off along with the various branches (10), (11), (12) 10 

constituting it. In this case as well, interventions can be carried out safely on the 

facility. 

According to an advantageous version of the invention, and again when the facility is 

set up in a remote area, the transmitter (7) is fitted with means of reception or 15 

communication that make it possible to receive remote instructions. 

These instructions can therefore be sent by radio frequency or over the telephone. 

These instructions can order the transmitter to open the switches, for example in the 

event of failure to pay the maintenance fees. 20 

The facility also makes it possible to manage the charging or discharging of the 

storage battery. Thus, the transmitter (7) receives signals indicating the charge level of 

said battery and if it detects that the battery is fully charged, it then opens the switches 

(4) and accordingly stops recharging said battery.25 

On the other hand, if the battery is only partially charged, the transmitter (7) may open 

only one or several of the branches (10), (11), (12). 

This makes it possible to eliminate the conventional centralized charge controllers that 30 

were required to correctly operate facilities of this type in order to prevent the battery 

from deteriorating due to overcharging. 

It can be therefore conceived that at no extra cost, there is an available means of 

securing the facility and controlling the battery charge. 35 
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Moreover, said battery charge control can even be optimized by fitting the electric 

loads mounted on the usage circuit, i.e., the devices that consume the electric power 

stored in the battery, with switches (4) and receivers (5) to detect the periodic 

alternating signals (8). Thus, when the transmitter (7), acting as a regulator, detects 5 

that the battery is excessively low, it opens one or several of the switches on the circuit 

supplying power to the electric devices. 

The full advantage of the facility according to the invention can thus be understood. 

Indeed, with regard to facilities designed to be set up in remote locations, in addition 10 

to the theft prevention feature and the enhanced safety of those who may be required 

to work on or near the high-voltage storage batteries, the invention makes it possible 

to control the charging and discharging of the battery. 

With regard to facilities designed to be coupled to the domestic power supply network, 15 

the invention makes it possible to significantly enhance the safety of anyone who may 

be required to work on or near it, be they installers per se, maintenance crews or first 

responders. 
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CLAIMS

1. A system for controlling an electric power production facility comprising a number

of photovoltaic modules (3) mounted in series and/or in parallel and coupled to an

electrical circuit (1) for powering an electricity storage battery (13) or powering5 

one or several electrical loads or which can even be connected to the power supply

network (9), said circuit incorporating an electric switch (4) capable of neutralizing

the electric power provided by the output of the power terminals of said modules

(3), characterized in that the system comprises a transmitter (7), electrically

powered by the circuit, and designed to periodically send an alternating signal (8)10 

for detection by a receiver (5) controlling the switch (4) on the circuit, in order to

open or close the latter.

2. The system for controlling an electric power production facility according to claim

1, characterized in that the periodic signal (8) can be transmitted to the receiver15 

(5) by radio waves, or by wire connections, or can be superimposed on the direct

carrier current running through the circuit (1).

3. A photovoltaic electric power production facility, comprising:

• At least one photovoltaic module (3);20 
• An electric power circuit (1), looped to at least one load, and/or a battery for

storing electricity (13);

characterized in that it comprises a control system according to one of claims 1 
and 2. 25 

4. The photovoltaic electric power production facility according to claim 3,

characterized in that the transmitter (7) also acts as a battery (13) charge

controller.

30 
5. The photovoltaic electric power production facility according to claim 4,

characterized in that the switch (4) is built into the structure of the photovoltaic

module (3).
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6. The photovoltaic electric power production facility according to claim 5,

characterized in that the switch (4) is embedded in a resin that is bonded to the

back of the active side of each of the modules (3) or is encapsulated within the

sandwich structure constituting said active side of the module, and in that the

switch is an electronic switch of the field-effect transistor type manufactured using5 

MOSFET technology.

7. The photovoltaic electric power production facility according to one of claims 3

and 4, in which the electric power circuit (1) comprises a number of branches (10,

11, 12) of photovoltaic modules (3), characterized in that only each of the series10 

comprises a switch (4) controlled by a receiver (5) detecting periodic alternating

signals issued by the transmitter (7), and not each of the modules constituting

them.

8. The photovoltaic electric power production facility according to one of claims 3 to15 

7, characterized in that the transmitter (7) is fitted with suitable means for

receiving remote-control signals designed to control the transmission of periodic

alternating signals, these means possibly being constituted of a radio frequency

receiver, a telephone network switch, and in general any means of sending remote

signals.20 

9. A photovoltaic electric power production facility, comprising:

• At least one photovoltaic module (3);
• An electric power circuit (1), connected to the domestic power supply network

via a converter (6); 25 

characterized in that it comprises a control system according to one of claims 1 

and 2. 

10. The photovoltaic electric power production facility according to claim 9,30 

characterized in that each of the photovoltaic modules (3) incorporates a switch

(4) and in that each of said modules is connected to a receiver (5) designed to

control the switch (4) in question.
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11. The photovoltaic electric power production facility according to claim 10,

characterized in that the switch (4) is built into the structure of the photovoltaic

module (3).

12. The photovoltaic electric power production facility according to claim 11,5 

characterized in that the switch (4) is embedded in a resin that is bonded to the

back of the active side of each of the modules (3) or is encapsulated within the

sandwich structure constituting said active side of the module, and in that the

switch is an electronic switch of the field-effect transistor type manufactured using

MOSFET technology.10 

13. The photovoltaic electric power production facility according to claim 9, in which

the electric power circuit (1) comprises a number of branches (10, 11, 12) of

photovoltaic modules (3), characterized in that only each of the series comprises a

switch (4) controlled by a receiver (5) detecting periodic alternating signals issued15 

by the transmitter (7), and not each of the modules constituting them.
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