WO 03/ 007464 PCT/1T02/ 00448 " TRASFORMERLESS STATI C VOLTAGE | NVERTER FOR
BATTERY SYSTEMS' The present invention relates to systens for energy

st orage iwobamvasi es or for generating energy in fuel celprcs/Tbetdoessi es
enpl oying static voltage inverters for 5 converting electric energy stored
or generated in batteries fromDC to AC when powering electrical |oads.
Static voltage inverters for transformng DC el ectric power in an AC
electric power at a certain voltage (for exanple 240 VAC) are conmonly
used in renewabl e power source plants, in "load-leveling" plants, in

el ectric vehicles and 10 the like, using storage batteries or primary
batteries of fUERASEORMERLESS STATICHVOIEAGE INVERRNR KOR BATTERY:
possibility of gg@\é@ﬁé; ng the DC voltage of batteries of elenentary cells,
whet her t hey ar ge or secondary cells or primary cells such as fuel
cells, to an AC voltage of voltage and frequency substantially simlar to

those of st andpligplber®intidh StlatddUbi FBtefisi RIS enérgy dforhF i bardries @yUbsi t e
for obvious conmpatibility reasons and often absol utely necessary in the
case of emer gesfegragngenergyUupdet gells battegies epplaying statie VeHrsh HivAtEs dent i al

services |1 T U0GlLRRe elkchiRothehly abﬁeg&g;gggﬁrgﬁag? HIRERsGRAATRE h AChed |

connect abl €" syst ens: I ona a system of rechargeabl e

st orage batt erp®@sering ebdeawnal loads.20 Fig. 1, that in the exanple shown are
vanadi um redox flow batteries. As will be obvious to any skilled person,
the inverter dgpi.cted in.the diagramof . Fi w.l| be the s froma
functional poi ﬁtlgt“bfvo&?%ev\}%‘g?rﬁe(?’plnﬁgs%@%L}?geejlfcén% PO¥EL/h g8 %‘gﬁl%cgg}c of any
kind or alterngdvarehtyaacdpaint QbNagel (thtiekadiple! 340 WRCYHaf @bmaidalyagcedait eri es
is practically absolutely necessary in stand al one 25 photovoltaic (solar)

panel s syst ensrenovablopawen sreeoplais ipoiad-leveling| planisoin gedteic velrelgpand | ow
batteries e {}E‘éﬁfﬂ(e’”ﬂ&ﬁg %R)?é’g%rﬁa%}iest Qragﬁﬂglgelgat{eyigéa of mel Sasy ?cgegenpﬁ{iﬁ§r I es.

energy to power AC loads.

The possibility of converting the DC voltage of batteries of elementary cells,
whether they are storage or secondary cells or primary cells such as fuel cells, to
an AC voltage of voltage and frequency substantially similar to those of standard
15 power distribution grids, is an important requisite for obvious compatibility
reasons and often absolutely necessary in the case of emergency plants (UPS) that
must intervene to maintain essential services in function in case of blackouts, and

more generally for "grid connectable" systems.

The functional diagram of a system of rechargeable storage batteries is shown in

20  Fig. 1, that in the example shown are vanadium redox flow batteries.

As will be obvious to any skilled person, the inverter depicted in the diagram of
Fig. 1 will be the same from a functional point of view whether the DC source is a

storage battery of any kind or alternatively a battery of fuel cells.

The use of storage batteries is practically absolutely necessary in stand alone
25  photovoltaic (solar) panels systems not connected to any power distribution grid.
Redox flow batteries are much more convenient than other types of storage

batteries.



WO 03/ 007464 PCT/1T02/00448 2 Anpong redox flow batteries, all vanadi um
batteries, i.e. batteries that enploy a vanadi umvanadi umredox couple in
t he negatwoasebraet rol yte as well as in the positive el ectcoliye2no44sr e
particularly advantageous. Performances of a storage plant enploying
vanadi um redox flow batteries are 5 reported and analyzed in the article:
"Eval uation of control maintaining electric power quality by use of
rechargeabl e battery systent, by Daiichi Kaisuda and Tetsuo Sasaki |EEE
2000. There is a wealth of literature on redox flow batteries and in
particul ar aboAongy adtadiflow betteiesf lbwai@iune bateries T hertafteries that dmplalylaed
description of the 10 peculiarities and, advantages of such tteries in
respect to ot Hepadiymaanaduparedaxjcouple 4gdhe ﬁ’Sga%Vé’e%Fﬁf—%ﬁgsaér‘?’gFﬁs R to

fully describ LV, i advant ages of the redox
y &dsfifve Bfe@ﬁ@l?%eh bt e@g@&ﬁg DHYRRGHREY g

flow batteries, 1t is wo though their suitability to being
charged even at different charging voltages. To acconplish this,
i nt er medi at e tRgproinceheofal storagecplata¢mploying sianedivmoredyx dlow b@tesies gt ar y

cells in electrical, series that constjtute the batte . :
Dependi ng on trﬁBO"\a:(Sll ?@gaélagfze? e ﬂéev%\';%‘lfigb;’,%va%%%lroge(%tCr?ﬁlgr%gl Qg@%gﬁﬁﬁ%??"aps are
sel ected for clsvamlriqagliﬁf/w be beehhagedtle balérposstam" appmiichiaKeisadurver  of
cells. This is possible because, differently fromother types of storage
batteries, in FethoSasahidiEER0P@ry systens energy is stored in the

el ectrolytes that circulate through the 20 cells and that are contained in

two separated a?}?e?g % a %lth\?éﬁ I?E%tl{rg RIneRABk FoveBatkdts Vel Yint fi@ticular about

el ectrochem ¢ device In el ectric energy transforns in chenical
energy and vi cenwdinsa,rednd fldve biteecies.oddsrefimenct detailed gdessriptiarneofi dhd

transformation during charge and discharge. processes. he ofher .hand,
phot ovol t al% p%et‘?léllr‘as“t%ﬁlaﬁif‘g‘%’i‘%@fa%i?t ?ch%ég?r?egﬁ? rmgﬁﬁ? ﬂg@r E;/,pgs O’nga%{ePP%di at ed
by a |ight Souj8 nbh@bmMRYesdiry Vg offer &) iﬁﬂ?ﬁb&rﬂb@@%prmﬁﬁl\ﬁ%mioﬁm a counter
vol t age exceeding a certain value is applied on the photovoltaic panel, the

out put Among many advantages of the redox flow batteries, it is worth remarking though
their suitability to being charged even at different charging voltages. To
accomplish this, intermediate taps of the electric chain, constituted by the
15 elementary cells in electrical series that constitute the battery, may be used.
Depending on the voltage of the available source, most appropriate taps are
selected for coupling to the recharging voltage an appropriate number of cells.
This is possible because, differently from other types of storage batteries, in redox
flow battery systems energy is stored in the electrolytes that circulate through the
20 cells and that are contained in two separated tanks. The battery represents
exclusively the electrochemical device in which electric energy transforms in

chemical energy and vice versa, and the electrodes do not undergo any chemical

transformation during charge and discharge processes.

On the other hand, photovoltaic panels output an electric current when they are
25  irradiated by a light source that may drive an electric load, however if a counter
voltage exceeding a certain value is applied on the photovoltaic panel, the output

current becomes null.



current becones null. W) 03/007464 PCT/1T02/00448 3 The vol tage-current
characteristic of a photovoltaic panel has a typical "knee- shaped"” curve,

t he zone woaBwoerMd bet ween the curve and the x-axis (voltagex/rando4ishe
y-axis (current) represents the zone in ich electric power may be
extracted fromthe panel. 5 Fromthe above considerations, it is evident
that when the output voltage is close to the point of intersection between
the voltage-current characteristic and the x- axis, the delivered power
(represented by the area of the rectangle with its |ongest side parallel
to the x-axi s)Theecags- cu&&r}t chaedcteristse rof Iaaplhqtovdltaia: gmmillhablaetypiomlel‘knebecorres

smal |l al so when th outp volta ones 10 | rac ice there
is a value of %P‘?S’ﬁtcuw?if qene \%P‘fqﬂ?eﬁq%eﬁ‘ﬁeelnl} ?:f’ Wﬁlaﬁej @fbﬁéx’éf V@ and”

charact eri sti Cpe hOkig\iuséht] RPrRERS tf zdnBEn Qﬂﬁélﬁél@&ﬂé’ pB@ef #8 %@ gk@adtéu the
vol tage- current domain Is  nmaximum 1.e. the pane out puts he nmaxi mum

power that carfromé¢heepanelact ed. Such maxi num power val ue varies rapidly when
irradiation conditions change. 15 Indeed, the voltage-current

character ' pr 3L {) §F lay(')x%%&%ﬂ atlgn arklgl?%v dent t'ﬂgtc\tvf[mechnthg utspnlpgolltargfzqgl:lpgé on

par anet er, geherating v -curren
concentric to teaté peinbef 1ntt1’6edhuﬁcb‘etmn(1he tvbhagencnmﬁnathwm@wnamad ehe xBecause
this voltage-current characteristic o ot ovol taic gjg t.he maxi mum

power that car®be ﬂl@xqerhéi%rte@BOWFb@?Rrﬁ@nEﬂqg’tyc}B%P‘ieéloé tk&a‘ﬁ%"lan Witbdtslangest v wi t h
the 20 varyi ng%@f,?&rft tgocﬂg'xtd SheRbmb§ t‘v@f}' ﬁaalprslmagn 9the M Yohlesi rabl e

to exploit to t est exte t he avail 'abl e power t'or charging the
st or age bat t erbecomebsihdlbalsewher thesuisit moltkzeposends very smal.very conveni ent
manner by enpl oyi ng a redox flow battery provi ded with a plurality of
interrredia e V, I

t he e iLLradi at
condi ti ons {08 ﬁ‘?ﬁéﬁ aG’PluFl? q ?P&’ttg\?lé ©a Wl ﬁl fungtiops n??)géﬁ y
swi tched on t r'@12:115&3,{5&'Trlst1c, for which the area of the correspondlng rectangle in the voltage-
current domain is maximum, i.e. the panel outputs the maximum power that can

be extracted.

Such maximum power value varies rapidly when irradiation conditions change.
15 Indeed, the voltage-current characteristic of a solar panel changes in function of
the irradiation parameter, practically generating voltage-current curves more or

less concentric to each other, in function of the irradiation parameter.

Because this voltage-current characteristic of a photovoltaic panel, the maximum
power that can be extracted from the photovoltaic panel varies rapidly with the

20  varying of the conditions of irradiation.

Being obviously desirable to exploit to the fullest extent the available power for
charging the storage battery or batteries, this is made possible in a very convenient
manner by employing a redox flow battery provided with a plurality of
intermediate voltage taps. In function of the current irradiation conditions, one
25 terminal of the photovoltaic panel is automatically switched on the most
appropriate intermediate voltage tap such that the battery voltage be as near as
possible to the peak voltage of the voltage-current characteristic of the

photovoltaic panel at the current irradiation conditions.



appropriate internedi ate voltage tap such that the battery voltage be as
near as possible to the peak voltage of the voltage-current characteristic
of the pNotoewelsbai c panel at the current irradiation con@CriTorno4dsO

03/ 007464 PCT/1T02/00448 4 There are autpmatic swi tching devices that

i npl ement such a function, commonly known by the acronym MPPT, for Maxi num
Power Point Tracker, that optim ze the charging conditions of the storage
redox flow battery from photovoltaic panel current sources. 5 It is
evident that such a systemis much nore conveni ent than using a DC DC
converter for Hesodlbiaognemiersgychingrietibes thinoimplamhdnaisachpafimkctiogtcommonly age
nost appropriate to the irradiatjo nditi opns and.tq bgost or reduce it
to a certain d?“@wnebs)’ttiiﬁlaf’ré’ﬁ@a‘ Mg g’ﬂ'g\ga’%’ﬁ‘f‘ o‘ﬁ’ledﬂ?toér&celrréafef’atﬁf‘teoﬂ“én%%ar ge

the storage bahf eRgib coR@libfy b&he stbPagk\tedbxforh Bhtt& R pNSOIAIGIPENRI T O
electric loads of different kind is concerned, redox flow batteries have

t he advant age avfrebiedonrreabl e t o support the delivering of current to a
| oad, froma certain nunber of elenentary cells and thus at a

cor r espondi ng Iggs[ gﬁggnx;th%gﬁlu%@g?sggye%;isSI%M f ?nloré) L ne\/rem%;lt n%s?ntégg Iﬁf-% er

t han t he urr anot her group or cerll elonging the

same battery ontértelTon abidrbias embrgpafrddriie phbtovbleais parelput puloltdgd hage or at
a different output voltage, through distinct pairs of internedi ate taps,
by virtue of taPErAIHEIEdOtBhTagdHEgn cpaditiprsAndd HPQ s FPAICE dstodt CeriatioRrer | ow

batteries. Thelehlitd RgDAldieon g%@a el)sr%ﬁﬁlﬁg B! chatd e Et@fa?@iﬁlttgl'"&nﬁﬂ onal

terns, as an eﬁectrlc BUt ot r anst or me an electric transfornmer,” wherein
there are el eratteriesy 20 cells electrically in series of coils and wherein
chem cal energy is in play instead of magnetic energy. In view of the
particul ar_relevance.t hat, W teri

appl i cati olfs, tY& aérfgﬁﬁaelbvgeg‘gé ip{S’lle%Bﬁ(?\%}tefﬁrlcrlgés(gt]&f@%lgagg%li&:ﬁg%%ﬁe P;
redox flow batteries have the advantage of being able to support the delivering of
current to a load, from a certain number of elementary cells and thus at a
corresponding DC output voltage even several order of magnitude greater than the
current being delivered by another group of cells, belonging the same battery or to
15  a different battery, at the same output voltage or at a different output voltage,

through distinct pairs of intermediate taps, by virtue of the above mentioned

peculiar characteristics of redox flow batteries.

Therefore, a battery may be looked at, under certain functional terms, as an
electric autotransformer or an electric transformer, wherein there are elementary
20  cells electrically in series of coils and wherein chemical energy is in play instead

of magnetic energy.

In view of the particular relevance that redox flow batteries have in many
important applications, the ensuing description will refer to redox flow battery
systems, notwithstanding the fact that the same considerations will hold even in
25 the case in which batteries of different type are used instead of redox flow

batteries, and in particular in the case of batteries of fuel cells.



systens, notw thstanding the fact that the sane considerations will hold
even in 25 the case in which batteries of different type are used instead
of redox wbowootaetteries, and in particular in the case ofrCraraeniss of
fuel cells. WO 03/007464 PCT/1T02/00448 5 The choice of the static voltage
inverter strongly influences the overall ‘energy conversion efficiency of
the system when exploiting the energy storage or generation capacity of
batteries of elenentary cells. Usually the efficiency of inverters ranges
froma maxi mum of about 94% at full 5 |oad and decreases progressively
down to about H%micel efthk caaticl wiltakes .invAster tstrosglywehfluekoeswhe oteeslli enevgyl t age

inverters enpl oy power sw tches, such as .thyristars (SCR), bipol ar
junction transP8Y F‘Qn(@‘?‘f?cﬁ l‘i’zutlhﬁt gtegu e ﬁﬁﬁ%ﬁmg th gng{eggyoﬁt%(qg@% or

field effect tg.anaiist MdpacitMBattelity\Gld@npémayagst atic switches on DC
networ ks, for Tealizing devices that switch periodically the connections 10

bet ween the supplf/ rails and the load inverting the polarity. In this way
the load is duswplly & efficienanofinverteraranggs Viom ageximppsd abpeiga el filbpends
fromthe sw tghi re n f.the r ' ~.Ih rnating

vol t age | s\gﬂgeglg?‘d;%dyc{eﬁregée%é)%%gr&\ﬁg\? i‘ %@?@g@?’%ﬁg}égﬁgw&% %(kj’é:lgi S
substantially equal to the DC voltage of the voltage source constituted by
the battery amls ltyisapglt dpowaf static volitages irnvedeisyerggloy pgwed Switdhesusudhi bt ers it

is possible to obtain al nost sinusoi dal .outp ol.tage. ,There .are many
wel | known tyﬁéér‘%?rspﬁ)%gm i HRRlpt Jpaction, ignsiypys #&T\éuslg@gatﬁﬁ gale PIBARL i nent

literature. The RRRIRIIPPPASHAIE QiFelttYaisRis (MOR) tHIRctdRigdiesthiRVeNitBbs are
wel | known circuits commonly enploying | oad i nductors and/or transforners

and turn of f capBEi sawerks2forfrealizeg ddvines Blay sarich abtieticrlyethy connestiags of f
ARG T R A A TR
appr oxi mat i ng sapgliddusieh gh MeyndRgGbltagd) ethosStredueaty Hépeads BomBY sWiechife same
frequency of the power switches. The alternating voltage is generally a square
wave voltage, whose amplitude is substantially equal to the DC voltage of the
voltage source constituted by the battery and by appropriate circuits and by adding

15  output filters it is possible to obtain an almost sinusoidal output voltage.

There are many well known types of power inverters, each well discussed in the

pertinent literature.

The "phase opposition inverter" and the "bridge inverter" are well known circuits
commonly employing load inductors and/or transformers and turn off capacitors
20  for coordinately and alternately turning off distinct power switches, commonly

constituted by thyristors.

Inverters with a sinusoidal output are known, from which an output voltage wave
approximating a sinusoid may be obtained. Such an inverter may be the same
bridge inverter employing inductors or transformers is in series with a capacitor.
25 By turning the equivalent load inductance and other eventual impedances in series
with the capacitor for a desired output frequency, it is possible to produce an

almost sinusoidal output wave.



bridge inverter enploying inductors or transfornmers is in series with a
capacitor. 25 By turning the equival ent |oad inductance and ot her eventual
i npedancesoios/oem@sd es with the capacitor for a desired ourputiTézvmessency, it
is possible to produce an al nost sinusoigdal output wave. WO 03/ 007464
PCT/ 1 TO2/ 00448 6 \Wen batteries are the electric energy sources, the
regul ation of an AC voltage output by the inverter nust be realized by
means of the sane systens that are normally used for regulating AC
vol t ages, such as sliding contact autotransformers, saturating core
magnet i ¢ r egulWher bategids ateethei dextris ehargy peurdes) tthey refpulation o€ anyf@ volthge pl ant
of energy storage %r tﬁf .l?enerati og in a Bl urali té f elenentary cells
enpl oys mul ti MUt By the ifyegter myst be, zealized Dy means of the supe SYSIRS HWEBIF o

great number GforRhIRMERLA Yidre! ksuiRCt ACaldiages) Stk €3s Glidiagurcegtact he
pl ant may enploy even a plurality of nmulticell batteries, electrically

connect ed accutdiansformers,catnoatingsoremagnetigirepilatgsaadihe lifeor ensuring the
desired capacity of 10 delivering electric power at a certain supply

vol t age. en rechakgin batterie i:on. to the
rechar gi n\g;\ygDC In %)ﬁ?% tlﬁgfflgrhghgggpesgﬁrreeg%lr“ §r%re %J}g)f t§ %E%‘I"s?mg{)% gég{r%%ﬁ%hf@ghm t he
schenme that i luralifyl efrelsineskaciuicéliigedpldys ahdtigell pitesies, ae tbattesesditat arent
schenmes may be inplenented autgomatically by ans of confi gurﬁéi on
swi t ches and/ dionpipisd by sreatdrimbes of figmeptary,eeily Hetichily dh&d HodeCRi™se he

transformer, ige,.0f mzéyh@ghlggté%@%ﬁumty b Sultdell Bitbriaf el@ctﬁbﬁlé?oﬁnéd?é’c?r ter,

determ nes functfonin tions that are particulariy bur densone for
power swi t chesaccovdaighte comey saries-BCH el Bdhemes, fuDBnsufingyhevdesired bapapiteof sel y
controlled toecpeﬁevent failures. Theﬁe fun(iti ons are normally 20 perforned

by appr opri%at VFHNESCLERPPEE & AFHHBSHRAY ¥P88ction circuits. The

transforner and/or the inductors conmmonly used in inverters dissipate power

besi des bei ng wakmidcHabing@¥essharerfL drusRené oP&mHbdtdh th et reciRsgihf BC of t en

they source may be the same or more often is different from the scheme that is
implemented during a discharge phase, and the different schemes may be
implemented automatically by means of configuration switches and/or path

15  selectors.

The driving in switched mode of the transformer, i.e. of the inductance of the
circuit of a classic inverter, determines functioning conditions that are particularly
burdensome for power switches, whether they are SCR, BJT or MOS. They must
be precisely controlled to prevent failures. These functions are normally

20  performed by appropriate turn on control and thermal protection circuits.

The transformer and/or the inductors commonly used in inverters dissipate power
besides being relatively expensive because of peculiar features that often they

must possess.

When to output a substantially sinusoidal waveform voltage is required, the cost
25  of the inverter becomes considerably greater because of the greater complexity
necessary for ensuring a precise and sufficiently constant frequency and

eventually also for filtering the output voltage.



must possess. When to out put a substantially sinusoidal waveformvoltage is
required, the cost 25 of the inverter becones considerably greater because
of the grwetoenomenpl exity necessary for ensuring a preci PETANGR/00448
sufficiently constant frequency and evenjually also for filtering the
out put vol tage. WO 03/007464 PCT/1T02/00448 7 It has now been found and is
the object of the present invention a new nethod and a relative inverter
that substantially does not require any inductor (or transforner) and
turn-of f capacitor and has an enhanced efficiency conpared to known
inverters. Morleasatow beenifowmer 4ndris tfe dbics of the @ndsextrinveasion amewkeethgd asduced
wei ght 5 and is out st andi ngl uitabl e for converting,a DC el ectric power,
I et i

provi ded by a 2 K5AVERVeHEn stanfially doey ppisiequre HvenAilor SASEP IRt ar y

cel I's el ectricalyl ¥,rhBff SffakRSr b Aas SAreChhidnCed AidieRtly BomPdrb@itd Mwmge
whose waveform may be substantially sinusoidal the a frequency of which is

preci sely fi xddvdriera Momeoyeasithe mvertefrafithisdnyention has a angskedlynredugedowveigbiver

swi t ches. 10 Thaqugh ining.a,valid al ternat to. the kn L rtrers in
oy neo i ot 1e? dul Rl Sy Epteot Eafierfle 8T Bickitic et R Y54 °1 2
to be enpl oyedhateryacdmstRied bpw copsitiémably mivstee Of @lenigntary kall§ eleytrisyidy &m of
primary fuel cells or of photovoltaic cells. According to a first

enbodi ment of eries itpvAQt Flegtric trpeveRedl AetHBH VeHags Sdess Hba"e@”_@cfr}ab’cb‘bomer
at a certain '%Gbﬁgﬁtﬁaglggsimgid% thd 4 fr@@%‘ﬁ@flﬁf A fs?’qr@éi?e‘l)e%(@é) Ibz sh&serbp from

a battery of elenen current sources electrically inm series such as
storage batt eandesivehkatiieof €plucditypof prawey switehescel | s and phot ovol tai c

panel s, conprises: providing a plurality of DC current sources in the form
of elenentary cell electrically in.series, and establishing a.plurality of
N i nt er medi®at eﬁfc’é‘ﬁg r%ﬂ‘%‘ﬂﬁ’gtah@ﬁdéﬁﬁrinﬁméef toéﬁ%h‘é%‘?’%we’%@sé'hﬂagﬁ?ppggﬁ?%nés such
that the nunmbephe @fvepkesriisahventith iSpaficiampiitddo Belewptsyed if & HédxTlow
internediate tap and another internediate tap _adjacent to it or a _term nal

of the el ect rikasteryswsieasorin apateysystemad erimary fusl ealsior pfipotovoltaic cells.
According to a first embodiment of the invention, the new method for producing
electric power at a certain AC voltage and at a frequency exactly pre-established
15 from a battery of elementary current sources electrically in series such as storage

batteries, batteries of primary fuel cells and photovoltaic panels, comprises:

providing a plurality of DC current sources in the form of elementary cells
electrically in series and establishing a plurality of N intermediate taps along the
chain of elementary DC current sources such that the number of elementary cells
20 comprised between a certain intermediate tap and another intermediate tap
adjacent to it or a terminal of the electrical series is proportionate to the amplitude
in the respective phase interval of an N number of discretization phases of the AC

voltage waveform to be produced in a quadrant;

providing an N number of power switches, each connecting a respective
25  intermediate tap and a first terminal of the electrical series of elementary cells to a

common circuit node of a first polarity;

coupling said common circuit node of first polarity and the other terminal of the

electrical series of elementary cells of polarity opposed to said first polarity, to



in the respective phase interval of an N nunber of discretization phases of
the AC voltage waveformto be produced in a quadrant; providing an N
nunber ofwpmame74edM t ches, each connecting a respective 2BCrnrevovedsi ate tap
and a first termnal of the electrical series of elenentary cells to a
common circuit node of a first polarity; coupling said cormmon circuit node
of first polarity and the other termnal of the electrical series of

el enentary cells of polarity opposed to said first polarity, to WO

03/ 007464 PCT/1T02/ 00448 8 respective nodes of an output bridge stage

constituted byesectivanddes wfranpouput britgd sthgs comtituted [bgdati leagpeours powére ot her
two nodes of the bridge stage constituting the A&Bvolta%e power . out put ;

swi t chi ng sequ@iches qoptrglied yRaissc the giheriiwg nadss ohthsRridgg rirge CORYINHE ch at

the 5 time ofpd Re NiEwd ch for a time interval corresponding to
: t 13 &t p g
1/ (4N) tines the peri dbgp théﬁgc out put vol tage and swi tching the current

paths through the bridge stage every half a period. In practice the
i nverter of tswitchingesequentiallipasd wpelicalle in adipotiouausipanneapaeisviek at the

generate the desir ef or |t uses. an .array of. f - and an
o output  Bri dgee o gl rRRHERpHh g RE My Ber B T RE bR B T
control l ed esseaBdicH thy Ay dlipuevaages and deitchiag the @itrentC patak tigbggiakhe 1 n
voltage terns, referred to the potential of a termnal of a certain
polarity of tHsidgesaeaeyry Baléapeiiedy cells electrically in series, the N
swi tches, upon their activation for a short interval of tinme corresponding

to a phase of i SEHRL kAl Gfer (flrﬁhichﬁﬁsn HGest M WSO TRBLRORS: @paarreny i al Iy

and cyclically i'ncrenmented an decrenent ed nunber of elenentary cells,
t hus pr oduci ngeaerdiesihe atesizad ACowaegferm. hilusesrav erray lofitpofver sextealmsl andnaty be a

Si ne wave, th i it. d Th i i f it f,th
Succesel ofr e tageses (Epvidiicte SrealPEERTIS e meROhd sobtplid.s
through the oukpistially bylaBvehaas detivédRomaRiléckisighal of each half a

In voltage terms, referred to the potential of a terminal of a certain polarity of the
chain of elementary cells electrically in series, the N switches, upon their
activation for a short interval of time corresponding to a phase of discretization,
15 connect to the common node a sequentially and cyclically incremented and
decremented number of elementary cells, thus producing a discretized voltage
half-wave, that for example may be a sine wave, on the common circuit node. The
inversion of polarity of the succession of half waves is carried out by switching
the output paths through the output bridge stage at the expiration of each half a

20  period of the frequency of the alternate waveform.

Only one of the N wires that constitute one output bus of a control and drive
circuit of the array of N power switches is at any one instant in an active logic
state, for example "I", while all the other N-1 wires are in an inactive logic state,
for example "O". In operation, the active logic state switches sequentially and
25  cyclically in a continuous manner from a wire to another, repeating in a

continuous back and forth fashion the scheme of the N-phase switchings.

In practice, on the common node of the circuit whose voltage is referred to the

potential of one terminal node of the electrical series of elementary cells, an



20 period of the frequency of the alternate waveform Only one of the N
wires that constitute one output bus of a control and drive circuit of the
array of Wopsemenesw tches is at any one instant in an act Pce/1r@gioess st at e,
for exanple "I", while all the other N1 gires are in an inactive |ogic
state, for exanple "0". In operation, the active logic state sw tches
sequentially and 25 cyclically in a continuous manner froma wire to

anot her, repeating in a continuous back and forth fashion the schene of

t he N-phase switchings. In practice, on the common node of the circuit
whose vol t age unint¢rafpeed seljuencet b halfotasey, ieath pfodued bgrarcomplersoblackodnd he

el ectrical serjes of elenmentary, .cell WO 03/, 007464 PCT/.I . T02/ 0044 9
uni nt er r upt ed ég’ééﬁé‘ﬂ?:@%Bg*{asﬁé}”ftig%%se%f,sthgi}gwlrﬁ? 8@@8@8“%@ bys of the A& ¥Rck and
forth cycle ofpoRRRsRitdhek t¢iH Adive Mgid i8teN Wi res of the control bus of the
array of N power switches to an active logic state. The sane control and

drive circuit has a second output bus of four wres, in case. 5 of a single
out put bri dge Fhersamerrentipl ang diversirepth 232 Acond outy bug abfowr Mires.gn casthi ch

Mnactive Fogich EIMFE el 8R40 Kbl aohBlcbnRR ALY RE KR BrBol ey o

t he out put AC which kiegR any lbee izgine irs adhetiveflogib astdtevand s svire§ ircamtmaotiven r es
is inverted, thus switching  .the aqutput, curren ths thrqugh the Qrjdge
stage and t hudOgiRdiaio| A FYy bl tpﬁ'é%@@t%e%ﬁﬁh%?fsw%f é?gﬁgecf"_‘ttpﬁt ?‘ﬁ}e
polarity of thehal fthmgr% stREbf M8 Iwh Patrs HERAGPARESE Stlvertel thbdbwitdig an
out put AC voltage, for exanple a substantially sinusoidal voltage o
extrenel y | owtbenttent cusfent pathothdarghithe hodge sagmandwhus thetpolagity hbtheoremc

content may b duced b isgretizin h inusgid in a,finer nner, i
by increasi né‘a[tﬁ%avﬁd%ee%eﬁ%lt% eipﬁ{a ?%g%’%}lgggl%tvvﬁﬁ%%ﬂﬁasdPgtbﬁ%n FEAEEL ve
power 15 switches, is efficiently constructed. A peculiar synergism
bet ween the i nyehik&vayodn dltputPA€SLIthed, Myedianpie aBcbstartiily ciasoidadvaitagener gy
pl ant using photovoltaic panels and redox flow ,ener%y %t or age )
of extremely low content of low-order harmonics and whose total harmonic
content may be reduced by discretizing the sinusoid in a finer manner, i.e. by
increasing the number N of intermediate taps and of the respective power

15 switches, is efficiently constructed.

A peculiar synergism between the inverter of the present invention and a typical
solar energy plant using photovoltaic panels and redox flow energy storage

batteries should be remarked.

The same intermediate taps in the battery of elementary cells in series exploited
20  for implementing the static inverter of the invention, may be used also by a so-
called MPPT system as normally employed for exploiting in the best manner the
power that may be provided by the photovoltaic panels, as will be explained in

greater detail later.

In practice, by virtue of the possibility of establishing the number of elementary
25  cells sequentially connectable to the output node for providing a sinusoidal
voltage of a desired value, a battery-inverter assembly of the invention is able to
output electric power at a pre-established AC voltage and frequency,

independently of the load characteristics, using a DC source of relatively low



batteries should be remarked. The sane internediate taps in the battery of
elenmentary cells in series exploited 20 for inplenenting the static

i nverter wb oBhersbnventi on, nay be used al so by a so- cal | edTVRRI00$485t em as
normal Iy enpl oyed for exploiting in the bhest manner the power that may be
provi ded by the photovoltaic panels, as wll be explained in greater
detail later. In practice, by virtue of the possibility of establishing the
nunber of elenentary 25 cells sequentially connectable to the output node
for providing a sinusoidal voltage of a desired value, a battery-inverter
assenbl y of theltagesesuchoes the pldtevdlimic panglyt wthedtt nsiog poansformers aand/or
pre-established, AC voltage and frequengy, .. .ndependently of.the |o
characteri sti dgqucﬁf%r?’nb’ltggﬁd"’é%wcﬁ%gq%f I%FQ'WWVW%? "?Kﬂ%ﬁs‘?foﬁ’ﬁet&’ ae

PCT/ | TO2/ 0044&eciit pdldrage, such as the photovol taic panels, without using
transforners and/or inductors, with an outstandingly high efficiency of

conversion of solar to AC electric power. The various aspects and

advant ages of Theevaripuamspests opd Rdyastaget ofvip 1pvsaRion villy befeRte $SROMEIE t he
ensui ng descripti j ol Li i I EE i) t he
attached dr%awieg’}gds??{q\%ﬁé?@ %{é Hsgg{ge&%cﬁg%a}pgﬁg rgf;ln&gg © ?‘%bé{dﬁféﬁg éygt m
enpl oyi ng an irefeatdgeto theosttachddoditivingg, wiereiAC vol t age of a pre-established
val ue and frequency; Figure 2 is a basic diagramof an inverter of this

invention; 10 Eigure. 3 illustrates in a graphic. manner the functioning of
the T nverter dEgifel isaegriR sl tgy et SRElofalan oyesst P A or ver
of this inventA@RoMAdebriahpee-tRiishBIVAISCand RRBeAdygani zed in a different

manner; Figure 5 is a basic diagramof a photovoltaic (solar) panel plant

enbodyi ng the 15 present invention; o )
Figure 2 is a basic diagram of an inverter of this invention,

10  Figure 3 illustrates in a graphic manner the functioning of the inverter of the

invention;

Figure 4 is a basic diagram of an inverter of this invention with the intermediate

taps organized in a different manner;

Figure 5 is a basic diagram of a photovoltaic (solar) panel plant embodying the

15  present invention;

Figures 6a and 6b schematically compare a DC autotransformer in the form of a

battery with an AC autotransformer;

Figures 7a and 7b compare a DC transformer in the form of a battery with an AC

transformer.

20 Referring to Fig. 2, the different intermediate voltage taps of the chain of
elementary cells in series are established by employing twelve (N=12) batteries,
Bl, B2, ... Bll, B12, each composed of a pre-determined number of elementary
cells such to be proportionate to, for the considered example, the value of the

trigonometric sine function in the first quadrant.



Figures 6a and 6b schematically conpare a DC autotransfornmer in the form of
a battery with an AC autotransforner; Figures 7a and 7b conpare a DC
transf or reo oBmot4be form of a battery with an AC transfor meraT@oRsf erri ng
to Fig. 2, the different internedi ate voltage taps of the chain of

el ementary cells in series are established by enpl oying twelve (N=12)
batteries, Bl, B2, ... Bll, Bl2, each conposed of a pre-determ ned nunber
of elementary cells such to be proportionate to, for the considered
exanple, the value of the trigononetric sine function in the first

quadr ant . WO 03/4RDdéfi¢e®EXirhplo2the0fdBbatlety lis conseitidedp by t3ddcedisathel secortdhe

first battery . is constityted by 34 cells, .the secon battery by 32 cells,
the third by J8ten yszéc,e ${he f?ladgﬁé%t%|s‘f’tf?ﬁqt@|tﬁe {‘ﬁej‘fthfgsﬁﬁ &9 05‘@ only
2 elenmentary q)?lolng,zg]gm%aﬁg,ééplger medi ate tap of such an electric series of
DC current soufces of a 5 certain voltage, thus corresponding to a battery

vol tage that varies according to_ the trigononetric sine function in the
first quadrantTq efchdoisrmediatactap ofitsesh ant elestricsseries of Rfp sHEEHN®Urees of He

voltage at _.the term nals .of th cli i (o]l power
switch QI 5 Qﬁ,ertﬁ% ‘foﬂggecﬁusa‘;\oé%&cg’?&%o{r?n%?? ‘?%8%2’3%%6 h}%ﬁtv %?%eﬁcatqg% g)p and
the term nal (9 trighnéhetricaiie fhmditionriy thef firshquadranayofabubsatthemimisertof celld a

common node of the circuit | abeled with the synbol +. The other term nal
(-) of the fiAstPropartiena) tp thegyoltage aértrhﬁyte%‘r?é‘g?f’{ltﬂées TeRECtRiEr BYEEY) Hode

| dentified by (ORi8MO0bower 59Hh RP 2,t5‘(()2j3t ches1Qhrd Q1B &k bt form

a classic output bridge stage couple the circuit nodes - and + and are
t he AC out put .intéfmediate reprapid thevtbrmlinials &) wif olock laftiUlaBEryCENTR@TaANCLDIRIVER has a
first output bus | consti.tuted at least N wres, each connected to a
control téPni femgpoyno é"fﬁléec‘i‘fciﬂg¥a;?8£ﬁng‘gwﬁlFéﬁr\ﬁh?l the array of N power
switches, Ql, @, ... Ql2, and a

The other terminal (-) of the first battery B 1 of the array constitutes the circuit

node identified by the symbol -.

Four power switches Q15, Q16, Q13 and Q14 form a classic output bridge stage

coupled to the circuit nodes - and + and are the AC output.

15 A control and drive block PULSE CONTROL AND DRIVER has a first output
bus I constituted by at least N wires, each connected to a control terminal of a
respective power switch of the array of N power switches, Q1, Q2, ... Q12, and a
second bus II of at least four wires, respectively connected to the control terminals
of the four power switches Q13, Q14, Q15 and Q16, constituting the output bridge

20  stage that inverts the paths (polarity) of the output current.

The functioning of the inverter of the invention is graphically illustrated in Fig. 3.
The table at the top shows the logic state of the twelve wires of the control bus I,
i.e. the conduction state (1) or the quiescent state (0) of the twelve power switches
Ql, Q2, Q3, ... Qll, Q12, and the logic state of the four wires of the second bus II,
25  i.e. the conduction state (1) or the quiescent state (0) of the four power switches
Q13, Q 14, Q15, Q16 selects the current paths through the output bridge, for the
twelve time intervals, i.e. for the twelve discretization phases of the sine function

in a quadrant.



second bus Il of at least four wires, respectively connected to the control
termnals of the four power switches Q 13, Q 14, Q 15 and Q 16,

consti t utwog3snbmeout put bridge 20 stage that inverts theprpatrne/ps arity)
of the output current. The functioning of,the inverter of the invention is
graphically illustrated in Fig. 3. The table at the top shows the |logic
state of the twelve wires of the control bus I, 1i.e. the conduction state
(1) or the quiescent state (0) of the twelve power switches Q, @, @G,
... QIl, QL2, and the logic state of the four wires of the second bus I1I,
25 i.e. the cdiglicisitomidstlited wabhefosm, iththegansegbarat eschaplas¢ Gyvitcting 19 theour

power sw tches 13, 14, Q 15, 16 .sel ect,s the rent paths t.hrough
t he out put _britﬁﬁlg,e PPYPT Wf@heﬁ’@e\r/‘é% fnr?lg‘_ﬂluﬁf’g_b\?a ”&l?“ti%e?’g%? I} B PR e
di scretizati onndbigmeataBf cdlRahst A dddiivklyoiclutied & eHéaslitpit curdéft BBEL0LA64
PCT/1T02/ 00448 12 Fig. 3 is the idealized waveform in the sense that at

each phase swieaethnavgplfse swischinguake @ cgBeie timasfor devslopingnibpir fHbVOHASE! us of t he
output AC voltage is increasing, the elenentary cells that are additively

et uded 19 tHE QALRELe GUEIAM (EAFCHN b3her R0 ofRIOP ARSI ik fithd ake a

certain tinme for developing err fu vol t age. case of vanadi um
redox fl ow batneedddesort heachingetheofteadygsiateudatage g bé nef faveeldmdrefdsr of

reachi ng the steady-state voltage, may be.qf .fe undreds of m croseconds,
and even in t HEOS ngl, ?‘de‘?"e{}eﬁl%‘et Fesofi??f}é qeﬁlﬁt_légﬁ‘%i&g\/\,{eﬂ?ﬁw _wétz‘%r al
hundreds of mgeyHNARABREs of MidIOoFBSBSHIth BadefthelligBme bR ORpRABIERIIH W th
the functioning of the inverter of the invention for produci ngcan AC out put

10 vol tage at the furstiosing yofothesventerodf 8@ ivention frraprodeans ahi AC| agtpui me of

the newly included cells prod s a.tipple at the clock frequency that may
be perfectly '8 @gea%%géjreﬂi}gl}%ﬁ{f%éioﬁagg%?&el ectric loads or that nmay be

easily filtered, if necessary. The eventual energy deficit due to the | ag
tinme of the rnawkactice)chivthgdime bl theinewhcimoluded delfsaproducese sippieian thef docka
sufficient nunpber 15 of pripary cells thaf are included, in, the, output
current circuiffeagency b3 may pe REY iﬁtlyitﬂlerated by many kinds of electric loads or that

may be easily filtered, if necessary. The eventual energy deficit due to the lag time
of the newly included cells is accounted far by designing for a sufficient number
15 of primary cells that are included in the output current circuit at each switching, in

order to ensure a correct RMS value of the output AC voltage.

For each interval of discretization, in the lower part of Fig. 3, is shown the

idealized waveform (ideally a sine wave) of the AC output voltage.

Of course, the N (in the considered example N=12) intermediate taps, that for the
20 example considered are established such to correspond, during each switching
interval, to the sine function of the desired peak voltage value, may also have a
different organization of the number of elementary cells that are sequentially

included in the circuit, from that depicted in Fig. 2.

In Fig. 4 the intermediate taps are organized in a manner functionally equivalent
25  to that of Fig. 2, by employing five multicell batteries Bl, B2, B3, B4 and BS5,
each having one or more intermediate voltage taps such to permit to include
selectively in the circuit a number of cells determined in function of the value of

the design sine function in a quadrant.



order to ensure a correct RVS value of the output AC voltage. For each
interval of discretization, in the |lower part of Fig. 3, is shown the

i deal i zedwoagmbémassn (i deal ly a sine wave) of the AC out put PeoliT@y®4480CF
course, the N (in the considered exanpl e;N=12) internediate taps, that for
the 20 exanple considered are established such to correspond, during each
swtching interval, to the sine function of the desired peak voltage
value, may al so have a different organi zation of the nunber of elenentary
cells that are sequentially included in the circuit, fromthat depicted in
Fig. 2. In Fi qAs will berdadily obedvesl; ¢het dipgrass eofdtigiahraddf Fig. 4 implement the

functional ly equival ent 5 tathat of Fig..2 b | oyi ng. fi.ve.nulticell
batteries Bl, S ?Sg%e,meBﬁf ﬁﬁ&fe%é%tlon harﬁﬁPW@le%é“‘%fn%%ryf\é"ﬁ%ﬁP@r%ﬁi %{ e

voltage taps ssgh to permit to include selectively in the circuit a nunber
of cells determned in function of the value of the design sine function
in a quadrant. WO 03/007464 PCT/1T02/00448 13 As wll| be readily observed,
t he di agranms d¥lomEpyer, 38 Wikicbegfasify ggcognizeds thervokage taps ardithe relativeactiyation
di screti zatio i .val ent AR i I i [ EW.
Mor eover, tasts \r/l\ne‘fl{mﬁeg&%ggiggf}tyﬁé’@%g%#gggé}p%%e\?g{l't% %%vgl@g%gﬂa% qghé" rderﬁdati ve
activation 5 dieeptientien @hasehénteval r mby whate nedessatiey rfelfgpecd i deereasingramsv t ches
Q, @, B, ... for a discretization phase.interval, ot necessarily
fol low a decré%cgf:%@lggmuemcqce%é%tosgﬁLﬁémn%éewmnn@%l‘ﬁ]ﬁ&cgeélaﬁmnng _
direction of tje.N g Sgh&krkdalf £8ine PAGRD. AhedafladiiAB Bhitéies) RRyfsENCti ON.
The taps (nmulticell batteries) nmay be organized according to ‘any "pattern”
of sequenti al cagmhizsdciccardingl tocny dpatdérnt he sequedtial mne cyedi selestivnes thesN ong as
a discretizati.on of.the alternated,function, .that, in. t consi der ed
xanpl e 1 s0a SMROSEETR AT 3 eifBietOR e eerhutd Rnglif il e
functions or agisigérbdsRhMple fsURCHMRBIdAl Eusdtidnt @iHel af lcysimy Uihvial reciprdcal t he
met hod of the present invention) is realized.. .

functions or any sinusoidal function are substantially equivalent for the method of

the present invention) is realized.

The circuit block PULSE CONTROL AND DRIVER is of immediate

15 comprehension for any skilled person.

Besides containing as many output buffers as are the wires of the two output buses
I and II, sized such to satisfy the driving requirements of the respective power
switches 01, ... Q16, as far as the logic and functional control of the power
switches is concerned, the relative functions may be implemented either via

20 software or via hardware.

According to a possible hardware solution, the block PULSE CONTROL AND
DRIVER comprises a clock generator for discretizing the desired waveform, by
timing the N phase switchings in each quadrant of the period of the established
AC output frequency and, for example through one or more up-down counters,
25  synchronizing the instant of switching the output current paths through the output

bridge stage, i.e. of the polarity, at the end of each half a period.

Obviously, when the intermediate voltage taps are to be selected sequentially, as

in the two alternative embodiments of Fig. 2 and Fig. 4, the control of the driving



The circuit block PULSE CONTROL AND DRIVER is of imrediate 15
conprehension for any skilled person. Besides containing as many out put
buffers asoasmoube wires of the two output buses | and | PCTAT@HB448uCh t O
satisfy the driving requirenents of the pgspective power swtches 01,
QL6, as far as the logic and functional control of the power swtches is
concerned, the relative functions nay be inplenented either via 20
software or via hardware. According to a possible hardware sol ution, the
bl ock PULSE CONTRCOL AND DRI VER conprises a clock generator for

di scretizi ng ttuffechesfi thed waeedfthenbubl may ibeiredizethen dlvptyasmplendaififentges i n
each quadrant of thg l%eri O%ﬁg‘ﬁfﬁ he.gestabl i.sanelg . AC qut.put frequency and,
for exanpl e tHPYRGhOOREY© TF§SHERR SRGUHEL L UL ESY chr oni zi ng” t he

i nstant of switching the output current paths through the output bridge

stage, i.e. ofCledrty, pebeddidgy froat tHehgperd pfwegastitched beiag RBed, oghch @oalipus| y,
when the internedi ate voltage taps are to be selected sequentially, as in
the two alt er ey @ayinsgiatfepanérobFirgtity of shey pewer device fof RECVEHHE BHTIBYS t he

dri ving 103/ Q0¢fig BET! LRAREARI 48 kchihe DR ongRlodk\Fornll iy bt bus |

may be realized in very sinple-an ective “manner by“means of a shift
regi ster or edlttectddeadconding i weldenavaeteckdiqes!| y, dependi ng fromthe type of
power switches being used, each driving buffer may integrate control

circuits of the. power.device.for preventing.spuyrious 5 switchin or to
i sabl o any suf SRy diREiaG oy i BUEY B AR S B mupitRe AR e ey
according to wepd itkis@ven bekibN eipfogrdn theSngthinal @iuélenthe difred PYC Biitpud di ng
for a sufficient nunber of internmediate voltage taps, it is even possible

t o program t hevolfegs brbimpdy peogsmming he sequsacad! wlacpon of agtettaigeuppes Nipl v
progr amm t . lLect | f ertal : f o

i nternedi ate \r})gll gegrgg@gtgs&(gtgg?éﬁﬁykug 8 s?lﬁé’g‘géro%&ﬁ@%?%%% uﬁ%gllbféab hés. Thi s
permts to nodietmtits e modify ihd néd@imalitAbutpat velgpeas well ks dee Alefréfieheyequency

without requiring a transformer.

Even the output waveform may be programmed in a form deliberately different

from a sinusoid.

15 It is worth remarking that the multicell battery B5 may be constituted by
elementary cells of reduced area (that is by 4 to 5 times smaller than the area of
the elementary cells of the battery B1) because it operates (in a discharge phase)
for a relatively shorter time fraction (peak zone of the sine curve). Under a
condition of operation whereby very short discharge intervals alternate to

20  comparatively longer intervals of quiescence, a redox flow battery may tolerate
overloads of to 4 or S times the rated power without any problem. As a matter of
choice, the area of the elementary cells of the batteries may be varied in function
of its relative "duty-cycle" during a discharging phase in the inverter of the

invention.

25 A photovoltaic (solar) panel plant realized according to the present invention is

schematically depicted in Fig. 5.



Wi thout requiring a transformer. Even the output waveform may be programred
in a formdeliberately different froma sinusoid. 15 It is worth remarking
t hat the woloBioembd battery B5 nay be constituted by el emeotrargz/mwedsl s of
reduced area (that is by 4 to 5 tines sngiler than the area of the

el ementary cells of the battery Bl) because it operates (in a discharge
phase) for a relatively shorter tinme fraction (peak zone of the sine
curve). Under a condition of operation whereby very short discharge
intervals alternate to 20 conparatively |onger intervals of quiescence, a
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relative "duty-cycle” during a discharging phase in the inverter of the

i nvention. 25 UighleoMablintermsdibrvoltega@bs pf & iddok gt Battrpof eleiengnt 0 t he
present invention is _ schematically depicted in Fig..5. W) 03/007464
PCT/ | T02/ 0044ellg forpdmass ambicell redox Bow Jatieries m perigs it puprssibleRdRaIBRIN 1 at ed

vol tage of ;12 tM?l:cglﬁthfrivtoltL e at%%ﬁjemlgseﬁﬁloggé ?t}%ﬂt & thOtRradidi®d NMRlliagke of 144
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vol tage-current domain that correspond to the maxi num power can be
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si nusoi dal "AC out put "vo ase, e generated AC vol tage may
theoretically have a peak val ue of

In this case, the generated AC voltage may theoretically have a peak value of
about 144 Volts or slightly lower than that and an RMS value of about 110 Volts

or slightly lower than that because of the above-discussed reasons.

In the figure is suggestively depicted by a diagram, the manner in which the
15  sinusoidal output waveform with peak value of about 144 Volts may be

constructed by the inverter of the invention.

Clearly, the intermediate voltage taps of the inverter could be established directly
in the series of photovoltaic panels functioning as primary photovoltaic cells. In
this case, a redox flow battery could be used as a voltage stabilizing buffer
20 element and eventually for storing any energy in excess derived from solar

irradiation.

The two pairs of Figs. 6a and 6b, 7a and 7b are suggestive schematic
representations highlighting the analogies between an electric autotransformer
(Fig. 6b) and a redox flow battery autotransformer (Fig. 6a) and between an

25 electric transformer (Fig. 7b) and a redox flow battery transformer (Fig. 7a).



about 144 Volts or slightly lower than that and an RVS val ue of about 110
Volts or slightly Iower than that because of the above-di scussed reasons.
In the fiworenimesuggestively depicted by a diagram the mamnes2/domswhi ch
the 15 sinusoidal output waveformw th peak val ue of about 144 Volts may
be constructed by the inverter of the invention. Cearly, the internedi ate
voltage taps of the inverter could be established directly in the series
of photovoltaic panels functioning as primry photovoltaic cells. In this
case, a redox flow battery could be used as a voltage stabilizing buffer 20
el ement and eWmwithitindiigthesharthatfonolyviarsaeappns of simpdisity,dbe invedtién bam sol ar

irradiation. The t i,rs of Figs. .6a and 6b, 7a and 7b are suggestive
schematic re F‘é’éémglg%gniorhtﬁlﬁhﬁagﬁﬁlfirﬂﬁnq Y 85&’8@5’ BE? \Eé@ﬁmaﬁgﬁlsbeect ric
aut ot r ansf or mefriplichied! fobRdnsigtim 4 Belexpias@Wdaitp@r y autotransforner (Fig.
6a) and between an 25 electric transformer (Fig. 7b) and a redox fl ow

battery transfornmer (Fig. 7a). WO 03/007464 PCT/1T02/00448 16

Not wi t hst andi ng the fact that for obvious reasons of sinplicity, the
invention has been illustrated for the case of nonophase AC outputs, the
systemmay be "triplicated" for constructing a three-phase AC output. WO
03/ 007464 PCT/1T02/00448 17 CLAIMS 1. A nethod for producing electric
power at a certain AC voltage froma battery of elenmentary current sources
electrically in series such as storage batteries, batteries of primary
fuel cells and photovoltaic panels, characterized in 5 that conprises:
providing a plurality of DC current sources in the formof elenentary cells
electrically in series and establishing a plurality of N internediate



vol tage taps along the chain of elenentary DC current sources such that
the nunber of elenentary cells conprised between a certain 10 internedi ate
tap and awotobee74s0t er nedi ate tap adjacent to it or a ternPoahlTo2af44she

el ectrical series is proportionate to the anplitude in the respective
phase interval of an N nunber of discretization phases of the AC voltage
waveformto be produced in a quadrant; providing an N nunber of power
swi t ches, each connecting a respective 15 internediate tap and a first
termnal of the electrical series of elenentary cells to a common circuit
node of a first polarity; coupling said comon circuit node of first
polarity and the other term nal of tIi@LAIMStrical series of elenentary
cells of polarity opposed to said first polarity, to respective nodes of

an out put bridge stage t] d.b t 20 |l east four. p r.. switches
controlled in pai i %t ?’83 ‘ioaBCIP%S@Etr‘Gfpot“f?é at f CPItRYR ‘@{\gﬁléagg Bt uti ng
the AC vol tag%a@&y\eéf Qiehihtary Seweﬁthls&&cése%%ﬁkhnwm etds Coieh | £xakioYaden @
conti nuous manner one switch at the time of the" N switches, each for a

tine interval betteriesshrsietenef promary/ fpaigells iand photeroltrse pantlHichammetendoint put
vol t age ang \% c(r)u n et he 25 current paths through the bridge stage every
hal f a pert od. I?Pl et hod accor di ng to claiml, characterized in that

said elenentary eflvidingh @tiralitgJfIDC ictirrersoefed &l hodoind ofl ekinrataey talist i cel |
battery of said system 03/ 007464 PCT/]1T02/00448 18 3.__The nethod
according to clai m 1¢leetrisali i rseriesd2nch establishing @ Rluealibhohrly intesmedjate

clectrically in seri Gouhgl ARG db Bhih bFBlinchahy StiERoRAGEORThut ed DY

said nunber of elenent varyl ng accor to sal correspondence.
4. The method accor dilreg fumbet adfn demertaryactedls i zmdpmsedt fhratwdehe anurttemn of 5
el enmentary cells that are.jnclud e(g n the circuit by,.selecting a certain

intermedi ae tap colt&8ERitap gndanqtues dntemediaie fapadipeent 1t AL artemipglon j n

the respective phaseqfihe electrical series is proportionate to the amplitude in the respective
phase interval of an N number of discretization phases of the AC
voltage waveform to be produced in a quadrant;
providing an N number of power switches, each connecting a respective
15 intermediate tap and a first terminal of the electrical series of
elementary cells to a common circuit node of a first polarity;
coupling said common circuit node of first polarity and the other terminal of
the electrical series of elementary cells of polarity opposed to said first
polarity, to respective nodes of an output bridge stage constituted by at
20 least four power switches controlled in pairs, the other two nodes of the
bridge stage constituting the AC voltage power output;
switching sequentially and cyclically in a continuous manner one switch at
the time of the N switches, each for a time interval corresponding to
1/(4N) times the period of the AC output voltage and switching the
25 current paths through the bridge stage every half a period.

2. The method according to claim 1, characterized in that said elementary

cells electrically in series belong to a single multicell battery of said system.



interval of the N discretization phases in which each quadrant is

subdi vided. 5. A static inverter for a battery of elenentary current
sources owomelobaed el ectrically in series and a nunber N ofrCrnrevmwesi at e

vol tage taps along the chain 10 of elemgptary DC current sources,
characterized in that the nunber of elenentary cells conprised between an
internediate tap and another internediate tap adjacent to it or an end
termnal of said chain is proportionate to the anplitude in the respective
phase interval of a nunber N of discretization phases of the waveform of
the AC vol tage 18.t dheaenahddadcordingtongiaidr hriharaatetizedimpthatssaitgelementatyer N of

power switches each conpecting a.res tive internedi ate ta nd a first
end ternminal &F! %elF?tpsqq@pla|sa%1?% Yelone ‘@_iidﬂ%?ﬁlﬁbaa@si mf%ﬁpaftf})utegé’m%ld? n

series 10 a CoUHMEr 6 di&Herar) QEls PiryRdiabcdriing to PR 86irdspon@icOUt put Dbri dge
stage constituted by at |easSt four” power switches confrolled 20 in pairs

for swtching the current paths through the bridge stage, having a first
pair of nodes coupl edheonegthodi aecconding te clebnili chasgdegedsiaithatithe sumbe ofr al ity
and to the_other end t i.hal  of L ar i ty. [ 0 -] nplarity
o “sad chai n e BrER iRl e el Bk PRy e Byl it e B
nodes constit yip BgréPorls t0U faghsctizd valuewtta sihe diotioh tin SBe) t@pédtiak | phagnd
cyclically turning on, in_a continuous . nner, one_sw tch at. 'ggpe time of
said N swit chéatervabefithe dydiserefization phasesingupicl pach/quadyant is sehdivided. per i od of
said AC output, and alternately turning on by pairs said four power

swi tches of said gut pulsaREiiHgSte? f8O8 baRtbryCHCE¥mBRtfy Burb&f IsBtrced/'\G Q007464
PCT/ 1 TO2/ 00448 19 6. The inverter aCCOI’%,I ng to claimb5, characterized in

that all sai d cletreabnimseyies end 8 neinbet Ni afahteymédiate epitege taps alogg the chabi ngl e

mul ticell 1gat tr?gr%/ 7f TB%CE pr\ég{sto%;cegcc%grraggelqge&icl)ltﬁslitai m 5, characterized in
that said &l efeft gty - g
the number of elementary cells comprised between an intermediate tap and
another intermediate tap adjacent to it or an end terminal of said chain
is proportionate to the amplitude in the respective phase interval of a
number N of discretization phases of the waveform of the AC voltage
15 to be output in a quadrant; and comprising
a number N of power switches each connecting a respective intermediate tap
and a first end terminal of a first polarity of said chain of elementary
cells in series to a common circuit node of said first polarity;
an output bridge stage constituted by at least four power switches controlled
20 in pairs for switching the current paths through the bridge stage, having
a first pair of nodes coupled to said common circuit node of said first
plurality and to the other end terminal of polarity opposite to said first
polarity of said chain of elementary cells, respectively, and a second
pair of nodes constituting an AC output;
25 a control circuit sequentially and cyclically turning on, in a continuous
manner, one switch at the time of said N switches; each for a phase
interval of 1/(4N) times the period of said AC output, and alternately

turning on by pairs said four power switches of said output bridge stage

at every half a period.



cells electrically in series belong to a plurality of nulticell batteries,
each 5 constituted by said nunber of elenentary cells varying according to
said corwespoedence. 8. The inverter according to clai m PCcTanevmetseri zed
in that the nunber of elementary cells {yat are included in the circuit by
selecting a certain internediate voltage tap is proportionate to the val ue
of a sine function in the respective phase 10 interval of the N

di scretizati on phases in which each quadrant is subdivided. 9. The inverter
according to claimb5, characterized in that said control <circuit conprises
at | east N+4 driviéng Thef ineeserohcaoedipgctbi vleimvi §,eshavdcteridedr st thdtwall esaidcont r ol

bus of said N power swi,tches.and.a second four-w res control bus of said
f our power svvieg’ é‘?%ﬁ?lbtf'ﬁ]ecﬁrﬁa g&n §°tr’§§§&°’i%?°lﬁ)?"nalﬁém}lﬂ?ﬁzlrlfagtreryaccordi ng to
claim9, characterized in that said driving buffers are controlled via

software. 11. The7i nv@ktigferRE eotiingtd aied &i dRaficteeiBed ACther datkélembnthRat sai d
control circuit conprises a clock generator for discretizin? the desired

waveform by cellsrielegtricaldy Nnpseaise balpnsc ke rig dlurality aefh mpltaestla hattesiest Kechoer i od
of the establish C out u t a - r,
synchroni z?ng C?ﬁ%ﬂftﬁ(ﬁs}t nts‘%gf BHltg\t/)\n&{ %ﬁiﬁéﬁ%(%%&oﬁ%lgsus&% éﬁf&ga hgcprsﬁ%dgugh

t he out put bricdgespphd@eecat the end of each half a period. 12. A systemfor
powering electric loads at a certain AC voltage froma solar energy

conversi on system_conpri.sing one ar nore. phot povol tai ¢ .papel at . 25.1 east
a redox flow batté&r yrﬁ\ﬁ_rlrl ia_ﬁﬁ’r‘g%f%flﬁgggpr"ﬁ%?ﬂ&”%?%plﬁfwﬁl tﬁ? gupgper of
el ementary celelenedt¢ tElisaphd ate irnkluzied iPheNduid By islgctthgd B in Mt@ediate
internedi ate voltage taps along said chain of DC current sources conposed

of said el emeroliage teplid propertivmte & G674k Fba@HineThRLGOYighe 2GPedive@daseand an
Inverter f18r Ci)t'i{te lz’{f (t)fl tﬂgl\fe(ii&%tgz'aﬁorp 81‘{‘!1%5 ﬁtwlﬁg‘l'l gac’ﬁ‘%uxglja}l?ig(:s‘ubdi\%a@t[ acterized

in that

9. The inverter according to claim 5, characterized in that said control
circuit comprises at least N+4 driving buffers of respective wires of a first N-wire
control bus of said N power switches and a second four-wires control bus of said

four power switches output bridge stage.

15 10. The inverter according to claim 9, characterized in that said driving

buffers are controlled via software.

11. The inverter according to claim 9, characterized in that said control
circuit comprises a clock generator for discretizing the desired waveform, by
timing the N phase switchings in each quadrant of the period of the established

20  AC output frequency, at least an up-down counter, synchronizing the instant of
switching the output current paths through the output bridge stage at the end of

each half a period.

12. A system for powering electric loads at a certain AC voltage from a

solar energy conversion system comprising one or more photovoltaic panels, at

25 least a redox flow battery for storing energy comprising a plurality of elementary
cells electrically in series and having a number N of intermediate voltage taps

along said chain of DC current sources composed of said elementary cells in



t he nunber of elenentary cells conprised between an internediate tap and
another internediate tap adjacent to it or an end termnal of said chain 5
is proporwDosméEed o the anplitude in the respective phasepcmtreovami4sof a
nunber N of discretization phases of the,paveformof the AC voltage to be
output in a quadrant; and conprising a nunber N of power sw tches each
connecting a respective internediate tap and a first end termnal of a
first polarity of said chain of elementary 10 cells in series to a common
circuit node of said first polarity; an output bridge stage constituted by
at | east four sgtesprangwai cinearterofiirr obtpetiingi elegtaicr powar asveatdc AGgvdltage,cur r ent
pat hs through he bl’lg stage, having a first pair of nodes coupled to
sai d comon ciCRYaFEN g%“@? said first plurality and to the other end

term nal of polar tﬂeyn&M%f%nIeat&ﬁb@hsfw@nsé&baWeaﬁ lah ¥nt@fmedfdtél taphaidn  of
elenentary cells, respectively, and a second pair of nodes constituting an

AC output: a control amth@runtermefqaism aquagenatm1t<9y@n|e@élt¢rynma!rqfnsmg chain in a

cont nuious ¢ et Rl b Sublilfle f 1RAl bl phERiegRRer o o @

alternately 20 turni Agmber Nwmcralzsmrdpﬁasw omwmmrmcdsteme KC saltageout put
bridge stage at every half a period.
to be output in a quadrant; and comprising
a number N of power switches each connecting a respective intermediate tap
and a first end terminal of a first polarity of said chain of elementary
10 cells in series to a common circuit node of said first polarity;
an output bridge stage constituted by at least four power switches controlled
in pairs for switching the current paths through the bridge stage, having
a first pair of nodes coupled to said common circuit node of said first
plurality and to the other end terminal of polarity opposite to said first
15 polarity of said chain of elementary cells, respectively, and a second
pair of nodes constituting an AC output;
a control circuit sequentially and cyclically turning on, in a continuous
manner, one switch at the time of said N switches; each for a phase
interval of 1/(4N) times the period of said AC output, and alternately

20 turning on by pairs said four power switches of said output bridge stage

at every half a period.



