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: SYSTEME DE GESTION ELECTRONIQUE DE CELLULES PHOTOVOLTAIQUES FONCTION DE LA

(57) Abstract : The mmvention relates to a system for the electronic management of a photovoltaic generator, said system
comprising a plurality of n static converters (11, 12, 13) connected in parallel, each converter (11, 12, 13) being electrically
connected to at least one photovoltaic cell (10) of the generator. The number of converters connected 1s varied by varying the
photovoltaic power, by comparing the generated power to thresholds P1, P2,..., Pn-1 after a time delay t. The mvention also
relates to a generator comprising said system and to the associated control method.

(57) Abreégé : Ainsi, I'invention fous

rnit un systeme de gestion electronique dun générateur photovoltaique, le systéme comprenant

. - une pluralit¢ de n convertisseurs (11, 12, 13) statiques associes en parallele, chaque convertisseur (11, 12, 13) étant connecte
clectriquement a au moins une cellule (10) photovoltaique dudit générateur, - la variation du nombre de convertisseurs connectes
se faisant par variation de la puissance photovoltaique, par comparaison de la puissance genéree a des seuils P1, P2,... Pn-1, apres
un temps de temporisation t. Générateur comprenant ce systeme et procéde de commande associe.
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SYSTEM FOR THE ELECTRONIC MANAGEMENT OF PHOTOVOLTAIC CELLS
AS A FUNCTION OF METEOROLOGY

Domain of the invention

The present 1invention relates to the domain of

photovoltaic generators and mcre specifically photovoltaic

modules i1integrating the electronic system; a module of this

type includes a photovoltailc generator and a system for the
electronic management of photovoltaic cells.

Technological background

In a manner known per se, a photovoltaic generator

(PVG) includes one or more photovoltaic (PV) cells

connected 1in series and/or 1in parallel. In the case of
inorganic materilals, a photovoltalic cell  essentially

comprises a (pn or pin Jjunction) diode composed on the

basis of a semiconductor material. This material has the

property of absorbing light energy, a significant part ot

which can be transferred to charge carriers (electrons and

holes). The constitution of a (pn or pin junction) diode by

the doping of two zones of type N and type P respectively -

possibly separated by a non-doped region (referred to as

T £

1

\\

“1ntrinsic” and designated by in the pin junction) -

allows the charge carriers to be separated for them then to

be collected via electrodes which the photovoltaic cell

-

comprises. The maximum potential difference (open-cilrcuilt

voltage, Voc) and the maximum current (short=-circuit

current, Ic:) that the photovoltaic cell can supply are a

F

function of both the materials making up the cell as a

whole and the conditions surrounding this cell (including

11llumination wvia the spectral 1ntensity, temperature,

F

etc.). In the case o0of organic materials, the models are

markedly different - making further reference to the notion

F

of donor and acceptor materials 1n which electron-hole

palrs known as excltons are created. The objective remains
the same: to separate the charge carriers to collect and

generate a current.
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Figure 1 shows schematically an example of a
photovoltaic generator (according to the prior art). Most

photovoltaic generators comprise at least one panel, 1tself

comprising photovoltaic cells connected in series and/or 1in

parallel. A plurality of groups of cells can be connected

in series to 1ncrease the total voltage of the panel; a

r—

plurality of groups of cells can also be connected 1n

parallel to increase the intensity delivered by the system.

In the same way, a plurality of panels can be connected 1n
series and/or 1in parallel to increase the voltage and/or

the amperage of the generator according to the application.

Figure 1 shows a photovoltaic generator comprising two

P

parallel branches, each containing three groups of cells 2.

In order to guarantee the electrical safety of the
photovoltaic generator, non-return diodes 3 and bypass

diodes 4 can be provided. The non-return diodes 3 are

connected 1in series to each parallel Dbranch o©of the

generator 1in order to avoid the flow 1n the cells of a

necgative current arriving from the 1lcad or from other
branches of the generator. The bypass diodes 4 are
connected 1n anti-parallel to the groups 2 o©of cells. The

i o

bypass diodes 4 enable the separation of a group 2 of cells

presenting a deficiency or a shadowling problem and solve

the problem of hot spots.

p—

The maximum voltage of the generator corresponds to

the sum of the voltages of the cells of which 1t 1s
comprised, and the maximum current that the generator can
deliver corresponds to the sum of the maximum currents of
the cells. The maximum voltage Vgc of a cell 1s reached for
a cell on no load, i.e. for a zero delivered current (open
circult) and the maximum current Isc 0f a cell 1s reached
when 1ts terminals are short-circuited, 1.e. for a zero
voltage on the terminals of the cell. The maximum values Vgc
and I.. depend on the technolcgy and the material used to

implement the photovoltaic cell. The maximum value of the

current I.c also depends strongly on the level of 1nsolation

of the cell. A photovoltaic cell thus presents a non—-linear
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current/voltage characteristic (Ipy, Vpy) and a power
characteristic with a maximum power point (MPP) which
corresponds to optimum voltage values Vgt and optilimum

current values Ig . Figure 2 shows the current/voltage (Ipy,

Vpy) and power/voltage (Ppv, Vpy) characteristics of a

photovoltaic cell with its maximum power point (identified
by PPM in the figure). Similarly, a photovoltaic generator

will present a non-linear current/voltage characteristic

——

and a power characteristic with a maximum power point. If a

gr——

part of the cells is shadowed, or if one or more cells of

the group 1s defective, the maximum power point MPP of this

group will be displaced.

It 1S known to optimize the operation of a

photovoltaic generator through the use of a command to

B

search for the maximum power, known as a Maximum Power
Point Tracker (MPPT). An MPPT command of this type can be
assocliated with one or more static converters (CS) which,
according to the applications, can be a direct-
current/alternating-current (DC/AC) converter or a direct-
current/direct-current (DC/DC) converter. Figure 1 thus

o
p—

shows a DC/AC static converter 8 connected to the output of

the generator and collecting the electrical energy produced
by all of the cells of the generator to deliver 1t to a
load. According to the requirements of the load, the
converter can be made to 1ncrease or reduce the output
voltage and/or to invert the output voltage. Figure 1 thus
shows an MPPT command 6 assocliated with the converter 8.

The MPPT command 6 1is designed to control the

converter(s) 8 1n order to obtain an 1input voltage which

corresponds to the optimum voltage value Vg o0f the
photovoltaic generator (PVG), corresponding to the maximum
polnt of the power characteristic. The maximum power polint
depends on a plurality of parameters that are variable
through time, notably the insolation present, the

temperature or the ageing of the cells or the number of

cells in a functional state.
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In this way, the output of the photovoltaic generator
1s not too adversely affected by the malfunction or
shadowing of certain cells. The electrical output of the
generator depends directly on the state of cach

photovoltaic cell.

The power delivered by the photovoltaic generator will

—

vary as a function of the 1insolation. Notably, not one but

two or three o0or even more converters can pe used as a

-

function of the power. The method consists 1n adapting the

P

number of (cell or phase) converters as a function of the

changes 1in the power produced by the PVG. In fact, the use

F
p—

of a single converter 1s not necessarily advantageous 1n

order to manage substantial POWEYr variations, the

P

conversion output belng adversely affected. The cutput of a

power converter constituted on the basis of a single phase

(or of a single converter) reduces when the PV power supply
1S maximum, whereas the structure including three
converters has a tendency to maintain a virtually constant

output regardless of the delivered PV power. This will

result 1n a greater transfer of energy to the battery.

J—

Figure 3 shows an arrangement of this type, 1ncluding
at the output of the PV cells three CS (which, 1n this

case, are BOOST converters). These converters are actuated

pr—

as a function of the generator power 1n relation to the

peak power of the device (Ppeak). In a known manner, when

the power delivered by the PVG 1s less than or egqual to one

third of the Ppeak, one CS 1s used; when the power
delivered by the PVG is between 1/3 and 2/3 of the Ppeak, 2
CS are used, and when the power delivered 1s greater than

2/3 of Ppeak, 3 CS are used.

In the event of meteorological changes, the number of

converters 1nvolved will therefore change, since the power

generated by the PVG will wvary. These changes may be

numerous 1n the course of one day and over the service life

F

of the PVG. Numerous changes 1mpose stresses on the

——

components, notably those o¢f the converters, which causes

the devices to age.
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I

There 1s therefore a need to reduce the ageing of the

components of the PVG.

p—
—

summary of the invention

Thus, the 1nvention provides a system for the

electronic management of a photovoltalic generator, the
system 1ncluding:

- a plurality of n static converters (11, 12, 13)
connected 1in parallel, each converter (11, 12, 13) being

clectrically connected to at least one photovoltaic cell

(10) of said generator,

— the wvariation i1n the number of connected converters

being effected through variation in the photovoltaic power,

pr——

through comparison of the generated power with thresholds
Pi1, P2, ... Pn-1, after a lag time t.

According to one embodiment, the lag time t 1lies

between 3 and 20 minutes, preferably between 5 and 15

minutes.

According to one embodiment, the value of the time t

F

depends on the state of the components of the converters.

According to one embodiment, the value of the time t
depends on meteorological conditions, chosen notably
according to the 1nstallation location of the generator and

the season.

According to one embodiment with rotation of the CS in

the system, the converters are connected in turn.

P

According to one alternative of this embodiment with

F

rotation of +the CCS, the rotation of the converters 1is

=

effected 1n the event of wvariation 1n the number of

converters employed.

According to one alternative of this embodiment with

rotation of the CS, the rotation of the converters depends

r— s~

on the state of the components of the converters.

The subject-matter of the 1nvention 1s also a
pheotovoltaic generator including:
- at least one photovoltaic cell;

— the management system according to the invention.
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The subject-matter of the 1invention 1s also a method

for controlling a photovoltaic generator, including:

sald method including the steps of:

at least one photovoltaic cell;

a plurality of n static converters (11, 12, 13)
connected 1in parallel, each converter (11, 12, 13)
being electrically connected to at least one
photovoltaic cell (10);

g
—

J——

determination of the power generated by said at

least one photovoltaic cell and comparison with the
peak power;
comparison with threshold values P1, P2, ... Pn-1;

P

connection of 1 converters when the measured power

value lies between Pi-1 and Pi1 or of all the
converters 1f the measured power value 1s greater

than Pn-1;

sald connection belng carried out after a lag time

t 1f the connection conditions are still satisfied.

According to one embodiment, saild method 1includes the

following steps, i1mplemented according to periods:

P

determination of the power generated by said at

least one photovoltaic cell and comparison with the
peak power;

comparison with the threshold value P1;

(a) 1f the value 1s lower than this threshold P1,

a single converter 1s connected;
(b) 1f the wvalue 1s higher than this threshold
Pl, a comparison 1s then made with a second

threshold P2Z;

(bl) 1f the power 1s less than P2, 2 converters

are connected;

(bl1ll) a comparison 1s then made with the first
threshold Pl, and 1f the power value 1s
higher than this threshold, the routine

Jr—

returns to step (b), and 1f the vwvalue 1is

lower than this threshold Pl, a lag time t is

activated;
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if the lag time has Dbeen activated, a

comparison is then again made with the first
threshold Pl, and 1f the power value 1s
higher than this threshold, the routine

returns to step (b) after having reset the

F

lag time, and 1f the wvalue 1s lower than this

threshold Pl, the expiry or not of the 1lag

e

time period 1s determined, and, 1f not, the

comparison with the value Pl 1s resumed;

when the lag time period has expired, the
routine then returns to step (a);

1f the power 1s greater than P2, 3 converters
are connected;

a comparison 1s then made with the second

threshold P2, and 1f the power value 1s
higher than this threshold, the routine

. -

returns to step (b2), and 1f the wvalue 1s
lower than this threshecld Pl, a lag time t 1s

activated;
1if the lag time has Dbeen activated, a

comparison 1s then agaln made wilith the second

threshold P2, and 1f the power value 1s

higher than this threshold, the routine

returns to step (b2) after having reset the

lag time, and 1f the value 1s lower than this

F

threshold P2, the expiry or not of the lag

pr—

time period 1s determined, and, 1f not, the

comparison with the value P2 1s resumed;
when the lag time period has expired, the

routine then returns to step (a) or step (b);

- repetition of the steps 1f necessary for n

converters.

F

According to one embodiment with rotation of the C(CS§,

in the method according to the invention:

- the

1th converter no longer belng connected

during the connection of the other converters

when all the converters are not connected.
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According to one alternative of this embodiment wilth

rotation of the CS, the method 1ncludes the steps of:

— connection of at least one first converter;
~ connection of a higher number of converters;

- then, 1in the event of the connection of a lower

number of converters, sald first converter 1s not

connected.

According to one alternative of this embodiment with

rotation of the CS, 1in the method, the step of rotation of
the converters 1s carried out when the measured power value

changes between the thresholds Pi-1 and P1.

According to one alternative of this embodiment with

rotation of the CS, the method includes the steps of:

- determination of the duration of use and/or of the
number of use of each converter;

- connection of the converters such that the duration
of use and/or the number of use 1s more or less
equal for the converters over a glven period.

According to one embodiment, there 1s provided an

electronic control system of a photovoltaic generator having
at least one cell, the electronic control system comprising:

a plurality of n static converters <connected 1n

parallel, each of said plurality of static converters
configured for being selectively electrically connected to at
least one of the at least one cells of said photovoltaic
generator, wherein a connection including a select number of
said plurality of static converters 1s selected 1n accordance
with a wvariation 1n photovoltaic power determined Dby
comparing the generated power by the at least one cells to
power thresholds P1l, P2, ... Pn-1, the connection including 1
static converters of said plurality of static converters 1f a
first connection condition corresponding to a measured power
value between Pi-1 and Pi is satisfied, and the connection

including each static converter of said plurality of static
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— 8a _
converters 1f a second connecfion condition corresponding to
a measured power value greater than Pn-1 1s satisfied,
wherein the connection 1s made only after a lag time t if the
corresponding first connection condition or the corresponding
5 second connection condition 1s still satisfied.

According to another embodiment, there 1is provided a

method for controlling a photovoltaic generator including:

- at least one photovoltailic cell;

- a plurality of n static converters connected 1n
10 rarallel, each converter being configured to be selectively

electrically connected to at least one of the at least one

photovoltaic cell;

sald method i1ncluding the steps of:

- determination ¢©f the power generated by salid at least
15 one photovoltaic cell and determining a measured power value
based upon the measured amount of power;
- comparing the amount of power generated by the at
least one photovoltaic cell with a peak power value;
- comparing the amount of power generated by the at
20 least one photovoltaic cell to threshold wvalues Pl, PZ,
Pn-1; and
- establishing a connection including a select number of
the plurality of converters, the connection 1including 1
converters of the plurality of converters 1f a first
25 connection condition corresponding to a measured power value
lies between Pi1-1 and Pi1i 1s satisfied, and the connection
including each static <converters of the plurality of
converters if a second condition corresponding to a measured

power value greater than Pn-1 1s satisfied
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, Wherein connection being carried out only after a
lag time t 1f the corresponding first connection condition or

the corresponding second connection condition 1s still

satisfied.

The methods of the invention are particularly suitable
for the generators according to the invention.

Brief description of the drawings

In the attached drawings:

-~  Figure 1, already described, shows a diagram of a
photovoltaic generator of the prior art;

-  Figure 2, already described, shows theoretical
current/voltage and power characteristics of a
photovoltaic cell;

- Figure 3 shows a diagram of a PVG including a
plurality of converters (here 3 static converters
CS of BOOST type;

- Figure 4 shows the changes 1n the power and the
number of CS employed as a function of the time of

day;

- Figure 5 shows the algorithm according to one

embodiment of the invention;
- Flgures 6a and 6b show an enlargement of two zones

of the power curve as a function of the time of day
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T

I

with application of the invention and indication o:
the number of CS employed;

- Figure 7 shows an example of a photovoltaic

production profile, with PV power (Ppy) as a

gr—

function of time;

- Figure 8 shows a simulated power profile;

- Figures 9a and 9b show the values o0f Pin and Pour 1n
the cases without and with the algorithm of the
invention;

- Figure 10 shows the measurement device used.

In Figures 4, o6a, ©6b, /, 8, 9a and 9b, the thresholds

P1 and P2 are, in a conventional manner, at 1/3 and 2/3 of

the power Ppeak, 1n this case 28 and boW respectively.

F

Detailed description of embodiments of the 1nventilon.

The 1nvention proposes a system for the electronic

management of a photovoltaic generator comprising a

Jre—

plurality of (cell or phase) converters which may be DC/AC

or DC/DC, typically  three converters, connected to
photovoltaic cells. The converters are electrically

connected to at least one photovoltaic cell 1n order to

collect the energy produced by this cell and transfer 1t to

a load. The Lerm “load” refers to the electrical
application for which the energy  produced 0}% the

photovoltaic generator 1s 1ntended. The description that

follows 1s giliven with reference to 3 converters, but 1t 1is

understood that the 1nvention applies 1dentically to a

higher number. CS wi1ill Dbe the acronym used Dbelow to

designate a (in this case static) converter.
In a conventional manner, these converters are
controlled by a command known as MPPT. For example, this

maximum power polnt tracker command MPPT can i1implement an

algorithm which 1dentifies the 1nfluence of a voltage

change on the power delivered by the generator and causes a

shift 1n the voltage 1n the direction 1dentified as
increasing the power. Thus, an algorithm of this type

consists 1n measuring the power delivered by the generator

for a first voltage and, after a certaln time, 1n 1imposing
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a second voltage higher than the first then measuring or
estimating the corresponding power. In the case where the

power corresponding to the second voltage 1s higher than

the power corresponding to the first voltage, the next step

of the algorithm 1s to i1mpose a third, even higher voltage.

In the opposite case, the third voltage applied is lower

than the first voltage. Thus, by degrees, the system can
continuously adapt the voltage on the terminals of the

photovoltalc generator 1n order to approximate as closely

as possible the maximum power point. It 1s understood that

other algorithms can be implemented for the MPPT command.

Figure 3 shows a system of this type, and the PVG
includes a photovoltaic unit 10, connected to CS 11, 12, 13
(BOOST 1, 2 and 3) and to an MPPT command 14, the output otf

the CS belng connected to a battery 15.

The number of CS employed 1s a function of the power

that 1s sent towards the CS. In a known manner, the number

varies according to the detection of a threshold. In the

g

3 CS, the application of the prior art corresponds

iy

case Ol

to two predetermined thresholds of change 1n the number of

converter. As a function of the power measured by the MPPT
management system, 1i.e. less than 1/3 Ppeak, between 1/3
and 2/3 Ppeak and more than 2/3 Ppeak, the management
system then employs one, two or three converters. Other

threshold values can be used 1f necessary.

Meteorological conditions are of course responsible

——

for the level of power generated. When the sun 1s hidden by

thick clouds, the insolation reduces substantially and the

generated power falls, resulting 1n a change 1n the system,

which switches from 3 to 1 CS. For an 1inverse change, the
opposite happens. These changes are notably given by way of

example i1in Figure 4. Figure 4 shows the generated power and

the number of CS employed as a function of the time of day.

In the wuse of this configuration with multiple CS and

adaptation of the number of CS for photovoltaic

P

applications, 1t can be noted that, for days of disrupted

operation, as shown 1in Figure 4, the device will often and
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quickly change the number of converter to follow climatic

variations and therefore photovoltaic power varlations.

These fast and numerous changes will have a negative 1mpact

P

on the service 1life and reliability of the electronic

components that make up the power converters.

The 1invention 1s based on the use of a power

stabilization time (or lag time) t. The change 1n the

fr—

number of CS will only be authorized after this lag time t

has expired. Thus, a quick variation will not be taken 1into

account and the number of CS will remain 1identical during

the phase 1ncluding oscillations.
This stabilization time t wvaries according to the

system. It may typically be of the order of 3 minutes to 20

minutes, for example 1lying between 5 minutes and 15

minutes.

-

A possible algorithm for the implementation of the

stabilization time t i1s shown in Figure 5.

The starting point 1s a state with a given power. In a
first instance, the PV power Ppy (which corresponds to Py
for the CS) 1s determined.

If this power Ppy 1s lower than the first threshold Pl

(taken, for example, as equal to 1/3), the answer to the

W rs

logical question 1s “no” and a single CS 1s employed; the

ﬂ

routine returns to the start. If this power Ppy 1s hiligher

than the first threshold, the answer to the logical

gquestion 1s “vyes”; the process then moves on to the second

ﬁ

step of the routine.

During this second step, a comparison 1s made with the

second threshold P2 (taken, for example, as equal to 2/3).

It this power Ppy 1s lower than the second threshold P2

(taken, for example, as equal to 2/3), the answer to the

\\ {4

logical question 1s “no” and two CS are then employed; the

routine then continues according to a first branch.
According tc this first branch, the next logical

question 1s agaln a comparilison with the first threshold Pl.

If the power Ppy 1s higher than the first threshold P1l, the

W\ 44

answer to the logical gqguestion 1s no and the routine
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returns to the start of the second step. If the answer 1s
“ves”, the lag time 1s activated. According to the prior

art, the answer necessarily resulted in the transition to 1

CS. In the invention, this transition does not take place

and a lag time 1s activated 1nstead. From time to time,

P

according to a defined period, the value of the power Ppy 1s

agaln measured and compared with the first threshold P1l. If
the value 1s higher, the answer to the logical question 1s
"no” and the routine returns to the start of the second
step: the conditions in which 2 CS are required then

prevall once more. In this case, the lag time 1s reset. It

1s therefore evident that the fact of having waited has

allowed a two-way transition between 2 states to be avoided

P

and therefore a galn to be made 1n terms of system

component fatigue. If, during the comparison, the value 1s
lower than the threshold Pl, the routine moves on to the

next logical question. The next logical gquestion 1s the

question of the expiry of the lag time.
- If the response 1s negative, the routine returns to

the preceding logical question which 1s the comparison with

gpr—

the threshold wvalue Pl. If, therefore, during the period of

the lag time t, the power value Ppy 1s higher than the first

threshold P1l, the system considers that the number was 1n

P

fact 2 CS and the system returns to the logical question of

the second step.

ﬁ

- If the response 1s positive, meaning that the lag

time has expired, the 1lag time 1s reset, the routine
switches to 1 CS and the sequence 1s completely restarted.

During this second step, a comparison 15 made with a

second threshold P2 (taken, for example, as equal to 2/3).

If this power Ppy 1s higher than the second threshold P2
(taken, for example, as equal to 2/3), the answer to the
logical question 1is “yes” and 3 CS are then employed; the
routine then continues according to a second branch.

According to this second branch, the next logical

question 1s again a comparlison with the second threshold

P2. If the power Ppy 1s higher than the second threshold P2Z,
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\\

the answer to the logical question is “no” and the routine

returns to the start of the second branch. If the answer 1s
“ves”, the lag time is activated. According to the prior
art, the answer necessarily resulted in the transition to 2
(or 1) CS. In the invention, this transition doces not take
place and a lag time is activated instead. From time to
time, according to a defined periocd, the value of the power

Ppy 1s again measured and compared with the second threshold

P2. If the wvalue 1s higher, the answer to the logical

—
e

question 1is Y“Yne¢” and the routine returns to the start o
the second branch: the conditions 1n which 3 CS are
required then prevail once more. In this case, the lag time

F

1s reset. It is therefore evident that the fact of having

waited has allowed a two-way transition between 2 states to
be avoided and therefore a galin to be made 1n terms of
system component fatigue. If, during the comparison, the
value 1s lower than the threshold P2, the routine moves on
to the next logical question. The next loglcal gquestion 1S

p—

the question of the expiry of the lag time.

- If the response 1s negative, the routine returns to

the preceding logical question which 1s the comparison with

the threshold value P2. If, therefore, during the period of
the lag time t, the power value Ppy 1s higher than the first
threshold P2, the system considers that the number was 1in

fact 3 CS and the system returns to the logical question of

the second branch.

— If the response 1s positive, meaning that the lag
time has expired, the 1lag time 1s reset, the routiline
switches to 1 CS and the sequence 1s completely restarted.
It would also be possible to switch to 2 CS rather than 1

CS and restart 1dentically, the answer to the first logical
question necessarily leading to the second.

According to one embodiment, there 1s no lag time

.-

during power-up. This prevents all of the power from being
directed towards a single CS, which would entail a sharp

increase 1n the temperature of the CS.



10

15

20

25

30

39

CA 02784044 2012-06-11

WO 2011/070548 - 14 - PCT/IB2010/055757

The aforementioned defined period 1s fixed or may vary

as a function of certailn, notably meteorological,

conditions: there is no need to implement the routine with

an 1insolation known to be constant. The duration of this

period 1s highly wvariable, and may be of the order of

A

seconds, tens of seconds, minutes or even more 1f

necessary. However, the period will advantageously remain

less than the stabilization period t.

Figures 6a and 6b show, 1n an enlarged manner, the

number of CS employed with the implementation of the
algorithm according to the invention for two parts taken 1in
the curve shown in Figure 4.

Filgures 6a and 6b show that the 2 CS case 1s not an

active case, the system having considered that the 3 CS

case 1s the prevailing case. In Figure 6a, the variations

are predominantly between 3 CS and 2 CS, with a very large

part 1in the 3 CS domain. In such a case, the system

considers that the PVG will operate with fewer stresses

than 1n the 3 CS case. This situation 1s even more striking

in Figure ©b, since the 2 CS case would have Dbeen

implemented more often with the prior art, whereas it does

not occur with the 1nventicon. The 1nvention favors the

higher case, when the PVG swings between 2 states.

p——

The use of this stabilization time has the effect of

reducing the thermal and electrical stresses to which the
active components are subjected during these unwanted power
variations.

The thermal variations produce mechanical constraints

F
ppr—

in the semiconductors, largely due to the difference 1n the

coefficients o0of expansion of the materials used 1in

manufacture, for example 4ppm/°C for silicon as opposed to

L

16ppm/°C for copper and 24ppm/°C for aluminum.

The result of the mechanical constraints to which
electrical contacts are subjected after numerous thermal

cycles 1s the appearance of micro-cracks on the contacts,

even to the point of the latter being broken.
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The object of the 1nvention 1s to anticipate
variations 1n order to minimize the thermal c¢ycles by
limiting abrupt temperature wvariations. Figure 7 1s an

—

example of a photovoltaic production profile, with PV power

F

(Ppy) as a function of time. In the middle of the day, for

example, an abrupt drop 1n power 1s observed. In normal

operation, the system will switch from point 1 (high power

— 3 activated converters) to point 2 (low power — 1 single

activated converter). Two converters will therefore stop

pp—.

abruptly, thus creating a thermal cycle of high AT”®.

By applying the 1invention, the three converters will

continue to operate at point 2. The temperature of the

three converters will therefore decrease progressively

since the power 1s distributed 1n the three cells. If the

power has not increased between points 2 and 3, two of the

converters wi1ill Dbe disconnected and therefore a single

converter will operate at point 3. Thanks to this

i

principle, it is possible to limit the extent of the AT°®

F

variations and therefore limit the extent of the thermal

cycles.

The stabilization or lag time t 1s the time during

which the 3 CS willl be active between polnts 2 and 3 (or a

different CS combination).

This stabilization or lag time t can be fixed in the

algorithm of the system or can be modified according to a

P

plurality of criteria.

ﬁ

A filrst criterion 1s the meteorology itself. Climatic

conditions vary from one zone to another and therefore the
lag time can be optimized according to the zone in which

the PVG 1s 1installed. In fact, 1n certalin climates, there

are few alternating clouds (for example a Mediterranean

climate) or, on the contrary, there may be many of them
(for example an oceanic climate). The climatic conditions
also wvary according to the seasons and the lag time may

agaln be adapted according to the month of use.

It 1s also possible to have ™“intelligent” learning

software that will classify climatic conditions and choose
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F

the duration of the lag time according to the climatic

conditions actually encountered.

F

A second criterion 1s the behavior of the components

themselves, and notably their behavior as a function of the

#
p—

power and temperature (notably of the transistors or the

system as a whole). The stabilization or lag time t can

P
—

notably be modulated as a function of the temperature of

the components.

According to one advantageous embodiment, the system

integrates a CS rotation routine to avoid 1mposing

continuous stress on a single CS. In fact, 1n Figure 3, the

converter CS 11 1s continuously connected, and therefore
continuously receilves the current to be converted. The

other CS are used according to the changes taking place 1in

the generation of the PV power. CS 11 1s therefore

continuously subjected to stress, and 1s furthermore

subjected to changes 1n power to be processed 1n the event

of variations 1n PV power. The reliability of the system 1is

therefore reduced as one of the components 1s continuously

subjected to stress. According to the advantageous

embodiment, there 1s a rotation of the CS employed.

The rotation can be controlled in the event of changes
1in the PV power generated by the panels or can be
controlled according to the state of the converters, or
both. A random allocation command can also be used.

fr—

Acccrding to one embodiment, the change of CS takes

place 1n the event of the 1ncrease 1n the number of CS

g

employed. For example, 1f CS 11 1s connected, and the
command determines that 2 CS must be used, CS 12 and 13

will then be employed, whereas CS 11 will no longer be

connected. If the number of CS returns to one unit, CS 12
(or CS 13) will then be connected rather than CS 11, which

wlll still be 1dle. In the case where the 3 CS must be

connected, the rotation takes place during the return to 1

or 2 CS. In this case, the starting polnt 1s a situation

where CS 11 1s connected, then the 3 CS are connected, then

the return conditions reqgquilire 2 CS so CS 12 and 13 are
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connected or, 1f the return conditions requlire only 1 CS,
CS 12 or 13 will be connected.

According to a different embodiment, the change of CG

takes place due to a calculation of the use of the CS. This
calculation can be based on the duration of use, the

rotation being carried out 1in such a way as to ensure a

duration of use more or less equal for all the CS over a

given period. This pericd may be one day, several days or a

fraction of a day, for example one or more hours, wherein

p—

this duration may also be a function of the time of day

and/or the season. Thus, according to this embodiment, the
CS that must be employed 1s the one that has been least
used, 1.e. the one having the least wusage time. The
calculation can also be carried out by counting the number

P

rather than the duration of use or stresses of the C§S,

independently c¢f the duration of use. In this case, the CS

that must be employed 1s therefore the one that has been

stressed the least number of times. It 1s also possible to
envisage an embodiment 1n which the two wvariants are
combined.

P

According to a different embodiment, 1t 1s possible

for the rotation to be carried out 1in a random manner, a

random generator then being provided 1n the management

system. In the event of the 1ncrease or reduction 1n the

number of CCS, the choilice 1s made 1n a random manner,

possibly 1in Y“shuffle” mode 1f necessary (this mode

corresponds to a mode 1n which the CS that has been used 1s

excluded from the random selection).

In the description above, the CS rotation 1s carried

#

out when there 1s a change i1in the number of CS employed. It

ﬁ

1s of course possible to provide for this rotation to take

place when the number of CS employed 1s constant (1nsocfar

as 1t 1s different from the maximum number). Thus, when the
meteorological conditions are such that only one CS 1s
employed, a routine can be provided that exchanges this CS

with a CS 1nitially i1dle, in such a way that one CS 1s not

used continuously for more than a given duration.
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—

The rotation of the converters employed has the effect

gom—
b

of further reducing the thermal and electrical stresses to

which the active components are subjected 1n the event ot
POWEr variations. As indicated above, the thermal

variations produce mechanical constrailnts 1n the

semiconductors, the result of which 1s the appearance of
micro-cracks on the contacts, even to the pocint of the
latter being broken. The object of the embodiment with CS
rotation 1s to distribute the thermal and electrical stress
over all of the converters.

The electronic management system according to the

invention may also 1nclude safety functions, controlling

the shutdown of the converters following a message

indicating, for example, overheating of the components of

the PVG. The electronic management system according to the

invention may also 1include an anti-theft function. The

management system according to the invention may

furthermore transmit 1informaticon relating to the operating

— —

condition of the groups of cells and/or the converters to a

control centre of an electrical network. This facilitates

the maintenance of the PVGs. 1In particular, the operator

responsible for maintenance 1s thus alerted more quickly to

—

a malfunction of certain groups of photovoltaic cells or

certaln converters and may consequently undertake measures.
The management system according to the 1nvention may
be totally or partially 1ntegrated 1into a photovoltaic

generator.

According to one possible embodiment, multi-junction

photovoltalc devices can be used. It then becomes necessary

to manage the problem of electrical coupling of the

different Jjunctions. A multi-junction photovoltailic device,

J———

for example a tandem—-junction device, refers to a

photovoltaic device comprising a plurality of single
junctions stacked 1n such a way as to increase the zone of
solar spectrum absorption by the device. Tandem-junction
photovoltaic devices allow a better electrical conversion

output to be obtalned. The maln disadvantage of the
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electrical «coupling 1n a tandem—Jjunction photovoltaic

device is the need for a harmonization in the performances

of the photovoltaic <cells that make up the tandem,

regardless of the insolation conditions. This ideal case 1s

g
p—

not feasible 1n reality since the current production of

each cell of the tandem 1s spontaneocusly different
according to the region of the spectrum 1n which they are

active, and varies as a function of the 1nsolation

conditions. This results 1n an 1ntrinsic limitation of the

tandem-junction photovoltaic device by the weakest of 1its

-

elements. A current limitation of this type substantially

(—

reduces the theoretical output o¢f a tandem—junction

photovoltaic device. One solution consists 1n electrically

decoupling the Jjunctions of a tandem-junction photovoltaic

P

device. The photovoltaic cells o¢of the tandem are still

optically coupled but are electrically decoupled. Each

junction 1s then connected to two electrical electrodes; a

four—-electrode photovoltaic device 1s thus obtained (in the

case of a tandem). By connecting the converters to each (at
least one) photovoltalic cell of the tandem, the system
allows a multi-junction photovoltaic device to be obtained
that operates with electrically decoupled photovoltaic
cells, each one managed 1n an optimum manner via the
management system according to the invention.

The followling examples 1llustrate the 1nvention

wilthout limiting it.

Example.

M

In this example, the effect 1s measured in terms of

pr— pr——

the output loss of the application of the invention.

The test protocol chosen to evaluate the energy gain
achleved by the method according to the invention consisted

1n using the same 1nput source (solar simulator) and the

same multi-phase power card (behavior of identical
electrical components) . The simulator allowed the

application 1n both cases of the same power profile (for
- 85

W over a relatively sunny day), whereas the MPP was

example the production of a module with a peak power o:



10

15

20

25

30

CA 02784044 2012-06-11

WO 2011/070548 - 20 - PCT/IB2010/055757

obtained using the same MPPT command. During thils test, a
24 V Dbattery was used to which an electronic 1load was

connected 1in order to guarantee continuously the nominal

voltage of the latter (24 V). Figure 10 shows the

measurement system used.

On the basis of the measuring bench, the current and
the voltage present at the input and at the output of the
converter are simultaneously measured. These values allow
the PV power (PPV) supplied by the simulator and the power
transmitted to the battery (PBAT) and therefore the output
of the converter (PBAT/PPV) to be deduced. By taking 1nto

account the time wvariable (test duration 1n hours), the

F

quantity of PV enerqgy produced (EPV) and transferred toc the
BAT) 1s then calculated.

L]

battery (!

1}

The thresholds used are the conventional thresholds of
1/3 and 2/3.

The power profile of the simulator 1s shown in Figure

ﬁ

The value of the stabilization time t 1s fixed 1n the

example at 10 minutes.

Figures 9a and 9b show the values of Pj, and Py 1n the

cases with and without the algorithm of the 1nvention. It

1s noted, 1n the case according to the invention, that when

pr—

the number of CS reverts from 3 to 1, a slight decoupling

P

occurs 1n the output power, resulting in a gailn 1in terms of

output (for low powers, the output 1s better with a single
CS) .

The followling results are obtained:

PV enerqgy Battery dc—dc

[ Wh ] enerqgy output
| [Wh] (3]
Comparative 96.69 87.81 90.3
Invention 96.060 8o.97 90.5

According to this table and as one could without

P

doubting the use of this algorithm reduces the conversion
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output of the power stage by 0.3%. However, this reduction

remains within an acceptable limit. Conversely, the thermal

constraints and stress endured by the components are

minimized, resulting in an increase 1n the service life of

5 the adaptation stage. The balance 1s positive.
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CLAIMS

1. An electronic control system of a photovoltailc
generator having at least one cell, the electronic control
system comprising:

a plurality of n static converters connected 1n
parallel, each o0f said plurality of static converters
configured for being selectively electrically connected to
at least one of the at least one cells of said photovoltaic
generator, wherein a connection 1including a select number
of said plurality of static converters 1s selected 1n
accordance wlith a variation 1n photovoltaic power
determined by comparing the generated power by the at least
one cells to power thresholds P1l, P2, ... Pn-1, the
connection 1ncluding 1 static converters of said plurality
of static conﬁerters 1f a first connectlion condition
corresponding to a measured power value between Pi-1 and Pi
is satisfied, and the connection 1including each static
converter of said plurality of static converters 1f a
second connection condition corresponding to a measured
power value greater than Pn-1 1s satisfied, wherein the
connection 1s made only after a lag time t 1f the
corresponding first connection condition or the
corresponding second connection condition 18 sti1ll

satisfied.

2 . The electronic control system as claimed 1n claim 1,

wherein n 1s 3.
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3. The electronic control system as claimed in claim 1 or 2,

wherein the lag time t lies between 3 and 20 minutes.

4, The electronic control system as claimed 1in any one of
claims 1 to 3, wherein the value of the time t depends on the
state of the components of said plurality of static

converters.

. The electronic control system as claimed in any one of
claims 1 to 4, wherein the value of the lag time t depends on
meteorological conditions, chosen notably according to the
weather condition associlated with a geographic region
installation at which the generator 1s located and a season

of the vear.

©. The electronic control system as claimed in any one of
claims 1 to 5, wherelin the plurality of n parallel coupled

static converters are connected 1n turn.

7. The electronic control system as claimed in claim 6,
wherein a rotation of said plurality of n parallel coupled
static converters 1s effected in the event of a variation 1n

the number of said plurality of n parallel coupled converters

employed.

8. The electronic control system as claimed 1n claim 6 or 7,
wherein the rotation of the n parallel coupled static
converters depends on the state of the components of the

converters.
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9. A photovoltaic generator, 1including:

- at least one photovoltailc cell;
— the management system.aﬂs claimed 1n any one of

claims 1 to 8.

10. A method for controlling a photovoltaic generator
including:

~ at least one photovoltaic cell;

- a plurality of n static converters connected 1n
parallel, each converter being configured to be selectively
electrically connected to at least one of the at least one

chotovoltaic cell;

sald method 1ncluding the steps of:

- determination of the power generated by said at least
one photovoltaic cell and determlinling a measured power value
based upon the measured amount of power;

~ comparing the amount of power generated by the at
least one photovoltaic cell with a peak power value;

— comparing the amount of power generated by the at
least one photovoltaic cell to threshold values Pl, P2Z,
Pn-1,; and

- establishing a connection 1ncluding a select number of
the plurality of converters, the connection 1ncluding 1
converters of the plurality of converters 1f a first
connection condition corresponding to a measured power value
lies Dbetween Pi-1 and Pi1 1s satisfied, and the connection
including' each static converters of the plurality of
converters 1f a second condition corresponding to a measured

power value greater than Pn-1 1s satisfied
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, wherein connection being carried out only after a
lag time t 1f the corresponding flrst connection condition or
the corresponding second connection condition 1s still

satlisfied.

11. The method as claimed in claim 10, wherein comparing the
amount of power generated by the at least one photovoltaic
cell to threshold values Pl, P2Z,...Pn-1 comprises:

-  comparing the amcunt of power generated by the at

least one photovoltaic cell with the threshold value P1;

(a) 1f the power generated Dby the at least one

photovoltaic cell 1s lower than this threshold wvalue Pl, a

single converter of the plurality of converters is connected;
(b) 1f the power generated by the at least one

photovoltaic cell 1s higher than this threshold wvalue P1l, a
comparison of the power generated Dby the at 1least one
photovoltaic cell is then made with a second threshold value
P2;

(bl) 1f the power generated Dby the at least one
photovoltaic cell 1s less than the second threshold value P2Z,
2 converters of the plurality of converters are connected;

(b1l) (1) a comparison of the power generated by the at
least one photovoltaic cell 1s then made with the first
threshold P1, and

1f the power gen'erated by the at least one
photovoltaic cell is higher than this threshold, the routine
returns to step (b), and

1f the power generated by the at 1least one
photovoltaic cell 1s lower than this threshold Pl, a lag time

t 1s activated;
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(b1l) (2) 1f the lag time has been activated, a
comparison of the power generated Dby the at least one
photovoltaic cell 1s then again made with the first
threshold P1,

if the power generated by the at least one
photovoltaic cell 1s higher than this threshold, the routine
returns to step (b) after having reset the lag time, and

1f the power generated by the at least one
photovoltaic cell is lower than this threshold Pl, the expiry
or not of the lag time period 1s determined, and

comparing the power generated by the at least one
rhotovoltaic cell with the threshold wvalue P1l;

(b1) (3) when the lag time period has 'expired, the

routine then returns to step (a);

(b2) 1f the power generated by the at 1least one
photovoltaic cell 1s greater than a second threshold wvalue
P2, 3 converters of the plurality of converters are
connected;

(b2) (1) a comparlson of the power dgenerated by the at
least one photoveltaic cell 1s then made with the second
threshold value PZ, and

1f the power generated Dby the at 1least one

photovoltaic cell i1is higher than this threshold value P2, the

routine returns to step (b2), and

1f the power generated by the at least one
photovoltaic cell 1is lower than this threshold wvalue P2, a

new lag time t 1s activated;

(b2) (2) 1f the lag time has been activated, a
comparison of the power generated by the at least one
photovoltaic cell with the second threshold value P2 1s then

agaln made, and
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1f the power generated by the at least one
prhotovoltaic cell 1s higher than this threshold value P2, the
routine returns to step (b2) after having reset the lag time,

and

if the power generated by the at least one
photovoltaic cell 1s lower than this threshold wvalue P2,
there 1s determination of the elapse of the lag time period
and 1f the 1lag time has not elapsed, the comparilison to the

value P2 1s resumed;

(bZ2) (3) when the lag time period has elapsed, the
routine then returns to step (a) or step (b);
- repetition of the steps (a, b) for each of the

plurality of n converters.

12. The method as claimed 1n claim 10 or 11, wherein:
- the 1ith converter no longer being connected during the
cbnnection_<1f the other converters when all the converters

are not connected.

13. The method as claimed 1n claim 12, sald method including
the steps of:

- connecting at least a first one of the plurality of n
parallel coupled converters to at least one of the at least
one photovoltalc cells;

- connecting a number of the plurality of n parallel
coupled converters to at lLeast one of the at 1least one
photovoltaic cells which 1s larger than the least first one
of the plurality of n parallel coupled converters; and

- 1n response to a need t reduce the number of the
plurality of n parallel coupled converters to at least one of

the at least one photovoltaic cells, disconnecting the first

one of the plurality of n parallel coupled converters.
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14. The method as claimed in claim 12 or 13, wherein a step
of rotation of the converters 1s carried out when the

measured power value changes between the thresholds Pi-1 and

P1.

15. The method as claimed in any one of claims 12 to 14, said

method i1ncluding the steps of:

— determination of the duration o¢f use and/or of the

number of use of each the plurality of n parallel coupled

converter; and

- connection each of the plurality of n parallel
coupled converters such that over time, one or more duration
of use and/or the number of use is equal amongst the

plurality of n parallel coupled converters over a given period.

lo. The method as claimed in any one of claims 10 to 15 for

controlling a photovoltaic generator as claimed in claim 9.

17. The electronic control system as claimed 1in claim 3,

wherein the lag time t lies between 5 and 15 minutes.
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