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;e3e"|jnT"6"T"'g WO 03/043170 PCT/1T02/ 00653 1 "SYSTEM FOR STORI NG ANDY OR @
TRANSFORM NG ENERGY FROM SOURCES AT VARI ABLE VOLTAGE AND FREQUENCY" The
present iWwaBlkfAR relates to systens for storing and/ or tparafreowessy ener gy
based on redox batteries. 5 Exploitation_of renewabl e energy sources,
"l oad-1 evel i ng" 4 ion and distriBution networks of electric ener gy,
of ten enpl oy ba}ﬂ@ﬂ“@ﬁ@}@&’%ﬂll n particul ar redox batteries. The use of
storage batteri ary in "stand-al one" photovoltaic (solar) panels
systens not connect'®d'5*o any power distribution grid. Redox flow batteries
to offer many advantages for these types of application conpared to other

types of stor agesiai FORSTORING A§me TRANSHORMING E@kﬁkﬁ%ﬁﬁkm

.batteries, i.e. batteries that enploy a vanadi umvanadi umredox couple in

t he negative SOIRCESAE VARIMBLE ¥OLTAGEADI: FREQUENEX’Y ol yte, are
particul arly advantageous. 15 Perfornmances of a storage plant enpl oying
-vanadi um r edo I j es reported. and .anal yzed in.the article:
"Eval uati on o?h%: ﬁe\tg?‘%ﬁ%?r%r{tfr? arle%%eﬁgt O¢ yatg%nrs %8r F)tgﬂgg a&%r ?‘i"‘i)&BV‘“&%ee“S'ng
rechar geabl e baetl ©h YedoxHagsiies. by Daii chi Kai suda and Tetsuo Sasaki | EEE
2000. There is a wealth of literature on redox flow batteries and in
particul ar_abgut 20 vanadi umredox flow batteries. Therefore, a detailed
descripti oh oFxPlpdatingc of iranewables eneray atpVEeE.a gloaddevelingh in Aoperatien gnd
respect to ot ; i 4 : to
Fui [y descri oy utof Sedioreot GRS bRy, Siin AEARY \ARETST B bl 1oy
fl ow batteri essdokbattegieaorth remarki ng though their suitability to being
charged even at different charging voltages. To 25 acconplish this,

i nternmedi ate s of .the electrical chain, .cqnsti,tuted the el enentary
cells in el ec&ﬁ?(’?ﬁ? ogépqr%%e E LErieR dh JFPESEATE 1P hStands %,p%gp'o @Cu(g%las WO
L131031711 2 FEH idhnslobl E5theBepesty i ddhEoutRhiUeRElox hswaduAbiab! ©
source, nost appropriate taps are sélected for coupling to the recharging
vol t age aff appHerpmpay advaginges fosftheseltypes oftappli¢atiopowsipated toetbarsgpes of
differently fgtgm giher. types of storage batteries, in redox ' flow battery
systens energy 1°€“ 36T in the electrol ytes that circulate through the 5
cells and that are stored in separated tanks. The battery represents

excl usi vel y t Amoapeedaofibwrbactaties]alli vamadiber eateetiestirel Gatedtizs Ghatt dndgley @r ms i n

chem cal energ nd vi ceversa, and Ehe el ectrodes_of the cells do not
under go any cMERAREIvanadRe sede: smleiin thegnesativey elestialyts st meHqas 1o Beesses.

In renewabl e gh&E el &POINGESrEbARLSar] & conditions, generally of a
vari abl e 10 nat ur e,ethatﬁrfa3r/ gﬁ‘ec?%?@aﬁagés Sbr mati on process and the
eventual energy storage. In case of aeolian generators there is the problem
of providihg Penforounessaoft a straagecpleni smployingf vanadiuel eedoxi iaw batteriggyatehat i s

supplied to electric |oads. [l.n . case.a. nerat or (dynanp).is ed, the
gener at ed vol fegﬁreteélg?ci ggaqwefitfnttﬁ% aﬁﬁ%?ﬁgﬂﬁlgtb%apgwi}r%%ﬂn BY1E g5°%Cner at or
is often provpeee yuality BPeheRf ¢adhattRublesattes HatdmC beaSSidh) Kaik@h Wndr ange
of wind conditions. In case an alternator is used to generate an AC

vol t age, speedetjeg SasakidREEC8e frequency variations of the generated AC
voltage and rectifiers DC-DC converters and inverters may be necessary. In
case it is ne t tel eﬁ]@[, LR batter| ery
char ger nust Egéggiglﬁ%lt?lo&{ gﬁg teédngétadgf o%éltt#l? Sa?{dpfr?lo ﬁgﬁ%lgrafgggéﬁresent
al so i n hydr oednadium cepoweflowp| aatearies. Therefore, a detailed description of the

peculiarities and advantages of such batteries in respect to other types of batteries

does not seem necessary in order to fully describe the present invention.

Among the many advantages of redox flow batteries, it is worth remarking though
their suitability to being charged even at different charging voltages. To
25 accomplish this, intermediate taps of the electrical chain, constituted by the

elementary cells in electrical series that constitute the battery, may be used.
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When interconnection to the local mains is contenplated, for exanple in al
those applications in which electric power eventually produced on site from
renewablaggqﬁmgﬁ7§ources is destined to satisfy partially pgr/idewioes peri ods
of favorable water or climatic conditions the |ocal energy demand,
outputting any eventual excess of z5 power on the distribution networks,
the electric power produced on site nust have . the sane voltage and
frequency characteristics of that of distribution network. The use of redox
batteries for energy storage even in these plants, interconnected to the

| ocal mai ns, i hcrease consi de |y t.he. expl oitation I WO
113/ 113170 3 Delendwpey tﬁ%é@?‘ﬁ%%é?s\gﬁ? évélp?g’ﬂegﬁg‘éréﬁﬁr%l(%%t, a%%%%?%é&?h%m
.generation of ;al&&t fdrCedpMes t@ﬁﬁnrebﬁhrgiﬁgoﬂﬂﬂagalan(dp?ﬂipﬁh&nmmﬂbﬁtofvmuk.d not
allow to nmeet the standard electrical voltage and frequency characteristics

required by | bislis ppssle besapssadifferantiydram gther Bpeapl wow@ae batferighp fedogs

.excess power @n the distributi .18l (i I K edits).
Tt e ol oar ¢ A e SRt 4ppra i RaHT shofe BpURIE AR choRNE b RGP
ener gy sous cegelftfand R4t stbaddlif s tad tamks. STHeOsatteryplepresertthexdubdrely fhiecat i on
of ranges of useful conditions. t hat basi s, rectifiers,_Bq?C-DC
converters, t elensochermiqat deyips wherer alectrie eReraY dmnsiorms ehehetnics] engigyand
converters, andtig, | LEE L bkl St Y by d Ath NncRi] Gy abhaicAll
renewabl e enerdy sources Tor periods and at ?evel s econom cally conveni ent
in respect totlahdoinmi@atdoEng chabge ald dischprgegirdcessdse use of storage batteries
is a necessary condition to enhance exploitation. In many cases the cost of

these ancillary devices and accessorije maé sur pass t he cgst fof t%@e
gener at or andf’bfenﬁ?"a?lﬁeen@igé(rﬁoﬂ’é’lesQaBFsaaleer 16 EICBIODS\EPRIEVE Ot GVaTERI®1 5

ef ficiencyyfi gufe Gfat H&Z%@fe&ecl{é FESFERALISE PRI Yand Ak Evehtifl eneegydtbrage.
efficiency figure of the whole renewabl e energy source plant. Generally,
electricity distribution networks and as a consequence the ngjority of

el ectrical deVhcess opacolian generatons thereyis) thegeroblesh gf dreviding fog| nsigE y easy

t di f i i mpl [ hi ' f 2
Thi s has al so cHatERee RS tis P ed ey s pdiel 10 lebuly BAR B BRES: 20,
frequency (ACD@menethior @Hatiino) GRlisdtRahe geserated altagy varks with ceenatation

househol d use, are designed, and/or operated (for exanple alternators) at
this fixed naispeedi sndgershapolian gynefaier it ke groyidled Bt gephanical deyiges 105] | y
capabl e of, st ?ﬁd{g?a%e acﬂcg u?éfgp}éﬁ' Eg)fex!vﬁ(&t Sdriitfons SRE LAY érﬁgﬁer%of“?éjﬁsed to

I nterfaci ng probl'ens between Ehese’ t wo systens are evident and are commonly
overcone by emghayiengn EC twinge hapegd nariationn easedrequedey vagatianssobithet he

ot her WO 03/031711 4 _PCT/1T02/ OQ0GH3 si hese ancillary device
significantly aeﬁ%étre&t“hg Y%E@S%Ialnd erF?ti‘tgeir%r‘g(g'Dgr cf’ﬁ‘éer@ﬁsfela&é/ 1?%’55‘?5% 8¥%als on
PrOCesses (Ch%:g&sﬂ?.dlndéﬁé: ok HRcRERG 99 SRR eletirichBerRYdydmbatichies, ncwgteand/ or
the utility to Intefface two distinct electrical systens of generation

and/ or di stri kwhaigenmost baCoppledto thadltematof. st or age and successive 5 rel ease
of electric power using a redox battery such to allowto efficiently store

i h i nd d ' i sti f th
Clectri carPoodtiber iopEPRARGRCGEl pko M hfal iy bobe AR TC! S S 0 P ot

objective is reached by the present invention relating to an outstandingly
versatil e systwhed @itersdmedtivg 6 nles Pyalimainn s @ntemplaed ddoexadngi¢ aralbthosd 0 easy
to realize and capabl e, of storing energy in redox battery in high
efficient man ra@pllvqﬁleewhwéﬂue}ecmc E%e_req?(’éml?l& p@%ﬁ?@?‘?’éﬁ%&?@?%‘%‘?&%\hi ch
It 1s generat E‘eﬂerﬁg%gu&é%%&i&ﬁ t@?z&lsﬂ barfiglly B dh ridah b o RYR wagr a
"buffer" for tramsformng energy froman electrical source of certain

vol tage and f reeglienty comhtiansttee icsal erergyf demandppiitpirtting iany evensudl gueesdpf
‘outputting it on the el ect. icitX di trihbufion network, at, 15 .di f f Lend

el ectric ar Oer Pgtﬂ?ec stribution networks, the electric power produced on site must hav

the same voltage and frequency characteristics of that of distribution network.

The use of redox batteries for energy storage even in these plants, interconnected

to the local mains, may increase considerably the exploitation of natural



A inverter systemaccording to the present invention is capable of
exploiting any DC and AC source with voltage |lower than or equal to a
certain paeyBaiabhi shed maxi num linit val ue, independent| ycafimuasiess i ons of
t he source voltage and/or of frequency. 20 Differently fromtraditional
battery charger systems based on the use3of functional circuits such as
DC-DC converters, rectifiers, voltage stabilizers, current regul ators and
the like, the energetic efficiency of the charge process of the battery in
the systemof this invention is substantially independent fromthe electric

n m of this'invention i i Lhe el ect
it most . begrRebls e s AR 8 esidalSEar YEHETpBhel PR B YRR O

-capabl e of hapglimA0cANGitRAMSEhatSOOLE 8Bt @flowrty medtithestandstdodleariyal fvokageency,
as well as DG power sources (within upper limt values). Thisg extraordi nary
flexibility oRRéiequensy Cﬁ@%teﬂism%tlieaélr%dobbd??%%ﬂﬁfof@#s as el #5375, 48170 5
«PCT/1T0211111 ' : : j haillsR
alternators i %g ggag%ggp%%%f%cgi eoﬁﬁg%'ﬁge;]%@f@g{s?&fgalingg}de&ggrnﬂgnﬁ I nrépy(c)mer

pl ants expkoi ktddigsy. enewabl e energy sources such as aeolian, hydraulic power
plants or in any case enploying rotating organs. 5 It is evident the

exceptional versatility of the battery charger system.of this,jnvention,
that can be udk# F]ﬁarpflﬁ‘éttf‘%éle%‘f P éﬁ?/%sweifeglﬁ?ts eefxgg)r'tﬂl?gcé?ne&(ﬁ r N%hge

abi 1Tty of tNeokedodr BRblAlchbi Bikfitertlies GibRks t MehNGibh OF Ahg@Per at i ng
even with an % i nput thout requiring electric transforners, rectifiers,
vol t age regul asefuk corditions. Qe rthatabasjs, aeetifiers,t PG-BE sonvestars trRosionners,

vol tage, makes it 10 ideal. for real.izi effigient nt.ral S

el ectric not orVerges, WeFﬁa%%a‘ grélgﬁ?‘isﬁ% r:{&ﬂ) 8‘31"5&?51 5?‘@&601}%(.6 afﬁieqtuﬁ%lﬁjg? l{)rl ess
or transfqpmenliggmg BYRbkRlonS¥S rGRWABRCEARSE solirckd oPpriGit end agpplelcat i on
No. PCT/1T02/00448 1 n the name of the sanme Applicant is able to provide DC
or AC power atecenqsmiodjlyapanypnientiigirespget tarthe syvestmentud¥icajreadyn paif.sthe yes gl
stored in a redox . i e t ibed in said prior
application i g%gg@l;o%&ttgﬁée%sta\ﬁ@?{%%a g dgt\r{(sr{%)h%nrhg%cr% eg gﬁgﬁn&gf t he present

i nvention, the whole constitutes an extraordinarily efficient and versatile
system that cdn nidywass thecosrof theppanciliry dasicestord acnedsarigsemay surpass the used
as a "frequency transfornmer” capabl.e of absagr bi ngq Ener om an e ectri cal

source at DC 6Pstaet isigengatesrangiey of ghe Pyeriual sierags SRFich  MOIRHEy % t o
output an AC veht; ifHur@ Pgl@s:eeo%%&% hay%eYJrupqewyﬁ%%&w eRidleneglfigage, for
exanpl e at "the voltag Ang requency of electrical nains, or at any
frequency, evaftiawhalbrenewablecaergysbumse planthr onous el ectric notor, as it

wi |l be described nore in detail later on. These abilities of the system of

h [ [ kes. i i..t abl
L anet ormor cisres 0, PR eyl BibbAGe Ry B KT Contafef st Bhich®Ce

common t r ansf qldphicaldeVided Opéraf§ Witk i mnACaveliappcechasei ibds relativelpichsyt yo of
inplementing a "transformer” of electrical characteristics in a
modify using simple static machines such as electric transformers.

20  This has also imposed the establishment of a standard (50 or 60 Hz) mains
frequency (AC) and all electrical machines, even devices of common household
use, are designed, and/or operated (for example alternators) at this fixed mains

frequency.

On the other side, batteries are typically capable of storing and supplying electric

25  energy in a DC mode.

Interfacing problems between these two systems are evident and are commonly

overcome by employing battery chargers on one side and inverters on the other




variety of applications, is independent froman intrinsic capacity of
storing WO 03/03170 6 PCT/IT(12/O1GS3 energy, which is always a resource
{UPS funcWOOM433 h whether this ability is exploited or mrar/iToR/obTs
considered application. The nmethod of stqring electric energy froman AC
source of a certain frequency, whose value is not pre-established and is
even variable, in one or nore redox 5 batteries conposed of a plurality of
el enentary cells electrically in series and having a certain cell voltage,
is characterized in that it conprises the operations of rectifying the AC

vol tage by nesids. Thest andillarpadewiceeGlgnificahily 16@wet dhavérall oIiFIbRdEHf Rheof
vol tage taps along said series of elenentary cells of 1o redox battery;

.provi di ng f or eBeraY Haasionmation paggesses (fhetgscanddlischarge presessesly an i nt er nedi at e
tap or the positive termnal of the electrical series oft_el errenta_ré;sl?sj'cellcs
to the output i 1 Bk --ﬁp@q 2% d . 0
‘the electri caIItriggrglidgslttt(l)1 %gfcgﬁ.n%déé at?léu(t:lg l's ?l{oe a 1%9{% e'%)e\éﬁ'lect%ﬁ@ node of
the circuit d ot gemxratiog EZéoMkthbynﬂrt ?gAf(bpowaeamMrt off g_ex?_gd(ahd ag@:_ewgg?jum ng
a first copditionin fn .reset signal of .a second conditionjng sig ;

det ecting t he {ieAsk ogF % P%‘Fi"?sfr%oe_‘ Wpféﬁge‘ﬁr%‘&_ dp pYowdp Filigerhyystore

condi tioni ng Gﬁ@%f fp e butteRAind&iendditly Jfithe klee@iRRUhhiaB iRk SéfQHé‘lefec@xﬁal

over | appi ngs. Saiee i tsis Gheiignundar diksquenss. 1 om  he | nstant of  detecti on
over | appi ngs : ( (

of the null voltage of the rectified }Nave acknow edged by the a?:tl vat![ont ﬁf
said first corgitioni S| |, . r.a.certain tinme.interval, u o] e
switch connec?ﬁiﬁglrﬁyﬁgﬁb i \‘E/}\e’e tlgﬁ%&rlllgﬁ? by t eaipﬁesgli}r PB’?,’U(?%\?%?W%@OF scan
di rection upobutdhéiagiyneereatidbsystint fgestdrake BNbRISCAORY rel B batedriey,at | On
adapti ng 1. Ve A6 reiEe 6hd EaEbh iR ETTEN NG redmichhiey DB ~ficient
adaptin % i

PCTPITl%Z/III.Qﬁg i > IR&%&Q-&&% A% h?. edox battery.
In fact the a'ngor?rﬁﬁ%a%ga%ﬁ%ééﬁﬂ}eoa@scgn‘gﬁr oA ze seﬁ wfc{hhl tlige%eé?tfe nt
instants of thmel édpableves éxploiting tievexyx buttérg.even as a “buffer” for transforming

energy from an electrical source of certain voltage and frequency characteristics,
for supplying it to a load or outputting it on the electricity distribution network at

15 different electric characteristics.

A inverter system according to the present invention is capable of exploiting any
DC and AC source with voltage lower than or equal to a certain pre-established
maximum limit value, independently of variations of the source voltage and/or of

frequency.

20  Differently from traditional battery charger systems based on the use of functional
circuits such as DC-DC converters, rectifiers, voltage stabilizers, current
regulators and the like, the energetic efficiency of the charge process of the
battery in the system of this invention is substantially independent from the

electric characteristics of the electrical source.

25  The system of the invention, in its most basic form, can be compared to a
universal battery charger capable of handling AC power sources of any voltage
and of any frequency, as well as DC power sources (within upper limit values).

This extraordinary flexibility offers many possibilities to optimize power



According to an alternative and preferred enbodi nent, the nmethod may
further 5 conprise nonitoring the charge current flow ng through the

el enent aryoGglokfi7@f the battery conprised between the neg@#omeot@xss nal
thereof and the internediate tap connected to the output node of the
rectifier and conparing the charge current with a pre-established maxi num
threshold and with a pre-established m ninumthreshol d, using a double

t hreshol d or wi ndow conparator, generating a third to conditioning signal
when one of said thresholds is exceeded. Wien said third conditioning
signal is actigéadraflon byierBVHoE RxepleanhllovOtheiiBe ol ahedatofs instead vwhaioré he
turn off has taken place (confirnmed), the switch of the adjacent

i nternedi ate texpensive andHpssieliable dynamas i prwayplapissrplofinggeacwahle pyergy

or the. m ni munehrt i & ARS ny el B0 JAERE N Hose DD e b OGRE

‘preferred enbaggament, adaptability and optim zation of the charge process
are enhanced shoul d the instantaneous anplitude of the AC voltage vary even

in an odd fashion as, in presence of irregular or strongly distor}ed

wavef orns i°n ribdp&¥iden Bl"_néx‘ieﬂté%ﬂal s‘ieFﬁﬁg(ﬁ'iyd‘.’}%E? Bﬂ&‘é}’ éﬁﬁ%% AT ‘P’% ﬁH% in
each quadrant ih 18i8f AHE Hah bk iR rsotict Withlany sSlirc¥ Belddtital potigs of the
array of switches no |onger take place at regular intervals, that is for
phase intervals of the sanme duration of discretization of the voltage

wavef orm i n t Feheqbdily afithe dedox bavesyy ehacgesisysieqt of this nweatdanefl opgeatingteveh of a
charge current_.great or smaller than a L. ym m_ni t.hy, ol d
that may be 25" élae?‘l néIEPu? nw’lqlﬂ]il(t,trieglrllmf)l? re! W#éarngé‘sg IgfgriSStr&éfs}%g ‘frbr@g%el S
of the batter yeglVitoR0eRS., ewﬂidaﬂ;(]@e@@whnmets@aﬁdhﬂ h@smainveidiage,t faltes it
contenpl ates on the self synchronization of the successiogn of swtching
sequences f ewiforcm@lmlmgﬁﬁc@m eanste! systeses fplecic mators af wvilh e describpd peak
of the rectifi. the locations of the internediate taps, in terns
of nunber of ilﬁtqgergg\e{%%géf%ells, may reflect the W O 03/03170 8

PCT/1T112/ O0G53 rel ati ve sinusoidal function, in the case of inplenmentation
of the noni t orThegindandodessmntiangfonheridse invertee systenasiesonibed én diwoRET deasant i bed

alternative enbodi nent, t istributjon of the. intermedi ate taps,my be
ni form 1t hat appieaonae BOTARTHRMA tnclhe e SAMSCRTS: Sodiet BB a ¢ ap
and the succe bMﬁe%@-orTnbsgbéerpasﬁlﬁ}?graéln%feayéﬁag%h&mﬁ@me@ Fhjne Of

self regulating the optimal duration of”each switching phase in Tunction of
t he obj ectisve aatgyrstartd ithe redoarbgtenyuWhen thenniverteri systemadebgribied iz sald pphivough

the cells currently. included i,n Lh harge circuit ring the succession of
swi toni ng. phacBieaisis pioeaten B d RoBg sheef A6t e e Pl R HELERE T Dy
vol t age quadr agliol®EorstifutéLat dxtiabdlina@eEfficint 4@ Vetsatily/sysREethat & teared ol | i ng
and driving systemof the power switches is such to prevent that nore than

one switch at ipHeany saplisetions. Eemiasiencenit canlbshiiedas &t Heqiepey traesipenet i ve

power transist c(r%h%br%? Eﬁgﬁg&hﬂ%{%é%%%ﬁgg%ﬁél%iéﬂ %urg:é1 ?tnl?t' of A@v&%%? aggvnot

;
overlap are co y use cations o egrated i ces
(transi st ogs) ,fisgdevatidble fiequany agd ar cutpg dnh&Crvoltagecgra fry-establisheé fizodit ext

of the 15 present invention, sych a control of the turning on _of the power

p
switches is a egMeRGYomRdl VPKeas 4ot example of dhe yAlagresndafrequsnpy of elgotrical

short-circuiti B a/Rf fr L& Variabfai i § 5oLl QME HAgP! ng of
turni ng on pharggehsléz’E:Q%';rlral1 %@f c%ﬁ%ﬁf& estagla)lp-l ’sﬁ)e‘gﬂgs fo}giiac ciorcuiets1 t hat “enabl e
the turning orasdf wilhee destalvédveoneondetal datenramsi st or or even establish a
guard interval between the turning off of a power transistor and the

turning on of 'Fh%(s?é 251liti 8L the tsyr/s%enrrsl Io%%l?er present invention makes it suitable to be used
- 25  as a (voltage) transformer even at very low frequencies (few Hz), a frequency at

which a common transformer would be inefficient and encumbering.

The ability of implementing a “transformer” of electrical characteristics in a

variety of applications, is independent from an intrinsic capacity of storing



The different aspects and advantages of this invention will be better
illustrated through the follow ng description of several enbodi nents and by
ref erri ngwsllifiz@t t ached drawi ngs, wherein: 25 Figure 1 icTaThumess onal

bl ock diagram of a battery charger systegﬁor a redox battery of the
invention; Figure 2 is a functional blockK diagramof the battery charger
systemfor a redox battery of the invention, according to an alternative
enbodi ment; Figure 3 is a functional block diagramof a battery charger
systemof the WO 03/(13170 9 PCT/1T02/0(1C53 invention functionally
simlar to thalerg Whighi€aflvayh W Pé@&lrc@QU‘PS'fﬁh&%nﬁ'b@ﬂ?%éth&hﬁﬁs By &€ an
inductorless inverter according to the previous PCT patent application No.
.PCT/ | T02/ 00448xrleitadry nehinethe tonsideredanpliggijsini cant, bot h based on the same
redox battery; 5 Figure 4 is a basic schene of an application of this
invention to i r » El e 5, asd C e of .an
-application o?ﬁ? ﬁl:%s old?](g/}‘es At nel@(%ﬁé;%neé ?rléén Gl fﬁ\?Z%O%é%e?:ftaf F%gallt}l gg%ueepglt"or;
Figure 6 is awhesd valse lienst pre-establidhed andnisrevkeh afriftseeinaeme bflimdge r@lokhe
present to inventjon; Figure 7 is a basic schene of a turbine power plant
according o bateriss cemppsadnobn thlwalityrpl elementarys cellsselgpiricallyedn prrigs andi agr am
of an applicat] f f; St bk i : . nl ant
oDl 0yi ng. phor ok fsehlt UGS i HhlracibaTh (B 1 BoffpRisihe BRMGHOR,
system of theofresent invention. The redox battery is indicated as a whole
with 1 and is conposed of a plurality of elenentary cells, electrically in

series, having a.certain.cell voltage. .T nunber .of cells may be of
several tens t‘%&‘ﬁf&‘sg&&gﬁ?ﬁyﬁmi’g‘?%%g’g]fwaﬁrlegt.lf?%nsi dering that the
cell voltage of a vanadi umvanadi umredox battery system 20 has an usef ul
range conpri sgehviREhgWRRM dubtbed PPEF vdltage tafdfal@dpOddld serie® oV elehientafP E&IRSFTONi NY
to a state of charge of the electrolytic solutions flowing inthe cell
conpart medt s EHowbailry90% and a lower limt of about 1,1 Volts,
corresponding to a state of charge of the electrolytic solutions flown in

the cells of . % | . i mum
i nput vol tage&{6 ﬁgﬁﬁn%gor{ %@%Fﬁgﬁgﬂ’@d& gs;%/‘;‘tgﬁéslﬁ ér?gbtgs%%f ﬁﬂeg ja/ﬁ E&ngmn*epﬁé%ﬁﬁges pond
to the producor tile pdsiveraintingh efetht elestricabserley dffetentantdierceldd tettenmnpary cel |
electrically in, serjes. Cbviously, the value of the maxi num peak vol tage of
the particul aﬁo@@ré{“ﬂe@ﬁ'ersour ce will determine, in designing the storage
pl ant, the m ni mum nunber of elenentary cells in series that forma single

battery or eV@&ﬁluclé’thdggtfhEP%h%adenﬂfﬁHP@f the € luf?c%/l %éﬁéﬂ@el?rﬁ?ﬁtérg(&ﬁé {Pza3 10

of elenmentary cells . or nore multi-ce batteries connected in
series. | St heominapipptential nddeof tamcrbuiEi gure 1, are also indicated the two

circulation circuits of the positive and negative electrolytic solutions

(briefly elec e ced.: and R2 to fl.owin
cascade res peé{t%e etﬁ% ﬁlﬁlgﬁ‘éﬁgé%gir ﬂ;[ﬁ %ggg%depﬁ@grfg%%%c%n% sf:l% %[ocﬁpgﬁtlf??w& t he
positive el ecandr@setaipthal dftaegbnd dvddhidnfngaeddal;conpart nents contai ni ng the
negative el ectrode of the elenentary cells that constitute the battery.

Qovi ously, the ener storage capacjty is deferm ned by the nolarity of the
el ement or el ﬁ%ﬁlﬁgg{gﬁ)ﬂ‘?&i Qﬁ}(“? Wﬁgg?de"?l@%?“&{?&’ﬁgé@di secolecandiioning) apd; ¢
sol utions anddifigigral BRI Hist LitRARG digft:and negative el ectrol ytes and

20  switching sequentially and cyclically in a continuous mode and without
overlappings said N switches one at the time from the instant of detection of the
null voltage of the rectified wave acknowledged by the activation of said first
conditioning signal, each for a certain time interval, up to the switch connecting
the positive terminal of said series, inverting the scan direction upon detecting a

25  voltage peak acknowledged by the activation of said second conditioning signal.

The method of this invention is self-adapting to variations of the frequency of the



10 therefore it can be easily adapted to the needs, by using tanks of the
positive electrolyte Tl and of the negative electrolyte T2 of sufficient
capacity wowomasn a sufficient anount of sol ution. Betweenirbeosesgati ve
and positive termnals of the battery 1, there is a certain nunber of
internediate voltage taps V 1, V2, V3, V4, ... V 11, that in the depicted
15 exanple are eleven. The internedi ate voltage taps can be easily realized
by suitably shaping the respective bipolar plates or conducting septa that
separate the conpartnment of a first polarity of an elenentary cell fromthe
conpartment o i . 1 J eH?@ :uch to
have one or #%?ggﬁggé% fgggﬁar%ﬁ“?ﬁgﬁégt &%@@?giuéw'e e%??*éﬁ é#??ﬁg

-.prot rudi ng beucintb symehpaizenselwitf therseliéng dnsiarts of theaAC pvgdoketat agerpf t he
respective flow conpartnment of the cells. Commonly, the cell electrode of
said first pdwg%ity and the cell electrode of said opposite polarity are
'mechanically and electrically connected to the two opposite faces of these
bi pol ar pl at egccardigeed an MeMative SRD PHEérdiDeMBoEMeR, thaRHod Ry Ratep the
typical configuration of so-called "filter-press"” bi pol ar el ectrol yzers.
Ther ef ore,5 eaomprise sxanitoriag ¢he elmreacurren dloaving thronghthe, elementamytdelpaif| y

referred to the ative .termnal of the. batter onsi)dered .as _a gi.rcuit
node ot conuit pRFEREPEPrise S 6 ppfinatkigh ORGSR G fsnfediit
correspondi NGap Gorindeted RS oublut nod¥ofhe Oectifidr dd Eatpdrihig2hOCRhge Ctdrt
intercepted by the intermedi ate tap between the negative termnal of the
battery and tWigh aere-establishad maxinym: thresheld aod guith aiyesrtablished SHBPM of t he
i nternedi ate rs I i i t
constant but t e%%% SU%R tahgoéb atﬂggiohf’ldéﬁgr%gg‘?%‘?’ %@@%‘?@ﬁ@;(ﬁ)@éﬁg&%ﬁg“ ons
that are ion tdeadgiehingSsigmuipaticnnend of sdidahresindldy iediaeded. AVhas saiglthirds t he
positive termnal, (+) of Ihe bat%ier i's connectabl e throg%g %Oresp ctive
power swit ch copditiomipg signal is agkjyateqd, t 1ich qugreq OMFt‘HU%ed andgyheq the
rectifying st i j 29 : ol

full -wave st atglgfotfh%tttd?% @%Eyp(ﬁg@%tn?&? @é %& souﬂr{g%%/l&%e?l{ %?ﬁgultaﬁzta ’eagt]ati ve
1o term nal (aBighdr or hewdratoltege/thin ite previowsty echriected mgtemuatnate tapoisentied! node

of the circuit including the rectifying stage. The output node f. the
rectifying st%é‘eﬁ?"g‘ g%vgﬁﬁ’ﬁfg%e X 1i°ﬁgﬁ? @‘W"é‘leVSm\/ etsécblg WSt ect or
ZERO CROSS| NGeBEERGESR and of a peak detecting circuit PEAK DETECTOR O
course, said functional circuits may be any known circuit 15 acconpli shing
the specified function, designed to be conpatible with the rectified

vol t age rangeAesbrding tg auehi & prefgrreicembediment, pdamabikiyend ertimigaiion ofitheuit s,
nanel y: ZERO S T oqi i gral
whose state CC(%%?% r hﬂé%%;%g@é?&ggso@ﬂ; tﬁ%llwrﬁg?ﬁ%ﬂ%/o%%g%&aﬁgqg Igevol t age
peak, respectiokagy vaioeddieibhancddd EShiotQN]ROLpréfebcdisl \ifrBpulan baistrenglie | ogi c
circuits that .determne in real tine npde the frequency of the input AC

vol tage in fuhstertetwayetpres ’i“rﬁ?@?%f’tlﬂf’e‘@ﬁééwuﬁ?fé- instant of detection of a
null voltage and the instant of detection of a voltage peak correspondi ng
to a quadjantyfft tResdUdhliRond intdash RALAARt Bk seheenBhlehidlcodidanpWriver! t age),
the circuits that generate a clock signal whose 25 period'varies in
function of tswitctimgeof the afrag gfi ewitghesnotlonger taketplate av tigukag éntérfvals, thateiganpl e

circuits bas on the use frequenc | tipliers).. a ate.machi ne. or a

m cr opr ocess 3?” pfgarse é’ﬁﬁﬁ@ﬁo‘?ﬂ%@e %%ﬁué‘f{gﬁ%ﬂ ?@515%&1)@98? ioi QTBI \gphiaﬁe X’angﬂ{'f‘ nuous
node the turnhniBe QhadrhAY, bat GRYt A Rldved®o € Rhiasedetdttion \ofla aiFge\birhédt phase
ovel appings, a switch at a tine of the array of power sw tches SW, SW2,

... SW1, stagreatpgor sypller/than3a 7maximupcend Ta minonos thresbeidsitiat araysbe1 when
the null )olt f r i - Or m | e st abl i shed by
‘the acti V%Sti d)%g&(;effpnﬁiﬁe*ﬁllnféﬁ +f&8lgghé§%ér%§riflst Fg]ﬁfﬁg%gﬁsg%atﬁgk%&égner ated by the
nul I -vol t age det ector ZERO CROSSI NG DETECTOR, up to the switch SW1 that
.connect s t he Mosdovéry evtileraccording( to)thefbatib endthdd thay conterdplates ondy éressehy t he 5
scanni ng sequence from SVég}ll to SW1 when a.peak of the rectified waveform
is detected, SYachrepizaiqnsak thepspceession Qti sgtchily spauenrss O &IHAl EHAE™ i %ni ng
signal L1 gengtruetdon 4 REBnd 8F ffc fRhk BEMNE (eErEdT R e okl RIBEARNSI
sequential turn on of the different power swtches may have substantially

t he sane dur aifitbe intemredidts tapk,ecintenmseol numhberdsaterapted irehs) smayasefleetkibet o

pl ace at regular intervals corresponding to a subdivision by uniformtine
intervals or phases of the quadrant or of the quarter of a period of the
rectified waveform 1In this case, as graphically depicted in Figure 1,

vol tage taps should preferably be di sposed not at regular, spacings, in
terms of nunber of cells between a tap and the successive, but according to
a schenme of not uniformseparation, in terns of




15 nunber of cells, corresponding to the cosine function. As an
alternative, the switching phases of sequential turn on of distinct power
SW t ches Wenp343180 a non uni form durati on accordi ng to thepsanmeonmssne
function or even according to a differeny periodic function, depending on

t he vol tage waveform of the AC source, for exanple by programm ng the phase
swtching 20 instants of the various switches on a read only nmenory, which
is read by a mcroprocessor present in the controlling and driving bl ock

| GBT CONTROL AND DRIVER. In this case the separation, in ternms of nunber of
celI's, betwegBlafitey sinsbiddl] fafdidh, iMthelaRI6RinkléhdtatichNoffe URdnitefifly ag® | N
practice, in case of sinusoidal or alnpst sinusoidal input voltages, an
.opti ni zat i on ©Mperieg Shithec PHIFRPL. ARS8 dBe Abgvelrdeseritedraltgrativg wnbagineanbrihed wit h
constant turn; i i edi t a i.f ynSpaced,
in terns of nrhﬁﬁﬂ%étiééfaggﬁgﬁg&%g&gﬁ %ﬁa%&ﬁd&@lﬁﬁn&h%ﬁt q?ﬁ%}l?ﬁ?@sﬁﬁ%}lit e

‘vol tage taps cahstagtnaingier officali@bettveei asepandtheosuccessive @neE This i§ pokitle Of
cells, and not uniformturn, WO 03/0-4317Q 13 on times of the swtches.
PCT/ | T02/ §118%ausp,the sistem ipcably < selfrregulating dhe tapsimed (duratiang of saghige
wavef or m may = C Nl { u - SW. t ching
phases in eacsﬁﬁtgﬁﬁgfpggéeulg rgér:ﬁb na%;l %?bjgﬁagh%yt%ﬁgg}e %@réé n efe#é |f’§§ \g!;vol t age
t aps avai | ablreally5foF¢egutheoughdbe celtsscuaredtinlincbudedtin viee etrbgedtinmitt dueingahbat t ery
charger system of .t hi? i nventi Bn. The differenc?, in irifg’s ect to the first
basi ¢ enbodi FHFRESEPN e gHHeng phasesrkoth L2 deing Yiltage Supdeiteascveilas in eURRENT
SENSOR of t hgygh I’vgﬁag‘é.{gfaﬁfhht LRk rdsinb@asshothr ough the cells in electrical
series of the baltery that produces a signal |0 proportional to the charge
current, and of a double-threshold or wi ndow conparator HHGH LIMT
COVPARATAR, LImwany [chseT timonmiirNirgrandodriviagrpystém o f theepewermwitchesliscach ve of t he

charge current_durjng each sw tchi ase wit.h a xi.mum r ef erence .vol t age
Chreshol d ToBSHhREmBRE thaihp P afEF By BadiBigM iR St ot

activation ofth@ndative gower lalsistopf Teélmidues Bottenb@igCthai Biealim bdpiaes dan of the
wi ndow conparator, produces in practice a third conditioning signal that is

i nput to the NObAYeP a5¢ sermoahTusehyT RERY ARD)@RPVER infegtased| peryert devides s
alternative 06li. t of es sy 3 " i en, it | ible to
cstabl | sh ¢ nO AN AR, eflsrdCry ek tnd e R, Fiant 1egh BRI S0 Phe
battery hyg fiprésent inventica, wesh af caaiol ofrehel tumiing ehesftheepdvieresirchel isTAMaX,
and said m nijyum reference hr_ezgol d, THM N, thus_defining the opti mal
range of var itBRGtioR2loredpisite that, igfundamental toopreyert shadroycwgng csiieod the t he

el ectrol yticbgﬁég#,tions fl owmn through the conpartments of the cells of the
battery. By nonitoring the charge current that is effectively forced
through the el enentary 25 cells of the battery conprised between the

negati ve t er nihiglconditiomeothaot everiapping o€ turnieg reedphases tcap béhaommontpnnect ed

or c- ost ab | < F8ACH it SRt e et GOUHELOE Y he by aomsi 71

PCT/ 1| TU2/2b1 Otfadsidtdr lop@vén &dtahilzh 4 Sude MeesaEBetwaed tiRirdhe S8 6f a power
pre-established threshold is exceeded. Upon the activation of such a third

condi ti oni ng EENgHEr and e taningran ofrAnPheT ROMSTEAdSItArt he bl ock | GBT CONTROL
AND DRI VER turns off the switch that is on and turns on the switch of the
adj acent int i t, Qi 0] t Qaltage of
the inter rredie[glltrer:dlll ftg'tﬁﬁ'é h%tgcﬁaasnhj %@’?ﬁtg%éesn&i Hsh gs}l\gl'? %%ﬁ)lge%gﬁg% rtill’gﬂ%llnm&ﬁﬁel‘? &er t he
m ni mum or t hkrongl theufivlloWwingsdestriptoh aflsaveyel embadénénthasd be eefemingatedrel duri ng
t he swi tchi n% E‘g‘aaﬁ{%ust fini shed. The battery charger systemof this

i nvention cartBeEe HAPES SPEEFRh or associated to the inverter system based
on the use of a redox battery described of the already 1o cited PCT patent
appl i cati»on MagurRGlid 4 G2 HiBAASDlot diaBRN8IR HaftelyhafRIByABRI fof YedoPY

mer gi ng and/or sharing many features of the two systens; respectively for
,charging a r by fof 4o ipeentiony and for delivering AC power therefrom thus

li zi f . i fl bat t I f
ol of 1 g chiRirE e RRSS BLIREUR & afe bl et B wF 080N T
| oads oper at ibagergtof die ialdtioAgdRordd @M -alternative embodiment;

Figure 3 is a functional block diagram of a battery charger system of the



Figure 3 depicts a basic diagram of such an unified system The power
swtches SW, SW2, ..., SW2 are depicted together with respective current
recircul afyipaRndiodes, necessary when driving inductive | oadI/ITamodes3s i s wel |
known to a technician skilled in the field of electronic power devices. 20
The two term nals POAER I/ O represent inthis case the i nput nodes during
the charge process of the redox flow battery 1 and the output nodes during
t he di scharge process, when powering electric |oads connectable to the
termnals. As described in the above nmentioned previous patent application,
t he out put br.i . [ : SW demSWs bt SW 15
and SW 16, 25‘“8%%5’8??@%’?‘?%% ‘@yﬁ]@%%ﬂ%?g%% 19 P }g’??@gp'?ﬁ% Uit CONTROL AND
DRI VERS, sel ehlize dicindlueotlessdnyesten acéandieg tt the piewiovs POt patent applicapar hs

(i.e. the sign) e h per.jod of e construct | i AC
al ternate sugIHPyPéﬁ{[i(%ﬁ&‘{%a‘P t}lgnamw) e, ¥MyPP liarﬁgb%b:‘?ﬁeﬁd%@k Is%ﬁ
appl i ed the | Qady gidr@ads. The sanme output bridge, functionally configured
by the control circuit’, constitutes a full wave rectifier when charging the
battery, thusFigapt#isa basic sahemeofan applinatien phthisinvenionfto ataediad P¥hene of
the battery charger systemof Figure 1, as described above. 5 According to
this basic en®¥®® nent of a unified system there is only one array of power
swi tches SWL, gf3\ife 5.is a bast\behesife ofinsppRtatioatof i imventidretonaveaigorendrivens
avoi ding a duplication thereof. During the discharging process, the power
swi t ches of télectricalggneraiorch sequentially and cyclically in a continuous
node for a ti i nterval cor i t Lat e
duration as egfgé'ﬁfl slﬁé'%)aﬁv stchgrﬁé%ﬁg rlg‘lgto%r%?)%t?oé%{ fn(‘)a?ge'{llcgdgg@ e’c?ﬁ@% ialtq‘{sl‘lgﬁperi od
of the al §@rnafentidal t age at which power is delivered to the electric |oad
thus reconstructi ng a succession of half waves tpe BOl ar.i t\é (;gf which is
inverted i n aFjgwe dcisl 4 basin SRR AL arkiring Pever plap cob(épg @ B PR out put
bridge. 15 Cb}’riv%'t?dn?’ in case of the "unified" charge and di scharge system
of Figure 3, an uniformspacing distribution of the internediate voltages
taps is pref eFigure 8 ishe sthplifredtbasimt diegrameobas tapplication offthe, systera i this|
wavef orm bei ng actuated by progammi ng .appropr,i at.e.durafions of the
swi t chi ng pha¥wgniygm tpr?ew%é\n@wegﬁl@%%@@(’ﬁﬁﬁ’ﬁ%tO %}Eahc Wg#‘ter of a period,
according to comon discretization techniques of 20 a waveform storing the
timng daga re{abd ¥endws £B&E dxirh&iMmoyRBASE thapresdaohiwehtidn. | e read only
menory that nmay be scanned in opposite directions for switching the power
switches in the succession of quarters of the AC period. A th(irothgh fand
urality o

detail ed descihprédon bettenyHieingivatadmisenuhnlewithnend 1§ crepesedgta p
transtor mer| esi?l‘%lgﬁ%lxeé%lgr blegt?icm&tlsn ?B?le ,! ﬁa%fn%a& Eé{'?au?ggfgbl t’?hmmp@r found

in the 25 aboV ed “previ tal’ian patent application. The ability
of the unifi edfseiBtneiy thrasfadveanl teioreven af sevdak hindedshdicelé y of this

i nvention of storing and supplying energy, offers unsuspectabl e outstanding
performances in ny practical, appli-cations,. W 0O,.03/(),3170,.16

PCT/ | TL12/ 006 8uR0F S has Hie ‘i?:‘)sYﬁﬁ%&ﬁ8?%‘%?6‘*‘%[?%‘&“8@‘8%1%8’&@?“ HY S EMuni £ ed
system fon, st ‘a?g N9 GRAISHRRE YedMhrREE rikywesh e app&dmitbaf ooyt 13Volgt of

wi nd turbines tor exploiting aeolian energr. An alternator (instead of a

nore expensi veontgspanaing do astate bfchargd ofcthe ielectralytie selptersslawingdn ks ¢ellge t he

frequency of which varies jn fuactiqgn of . i d k

subst anti al | ycPWBHHEP%Iﬁtoi ahgut(??s@rqnaeadf% (})\ll}gu{ ﬁ%ﬂ%,gg '? élf{/bﬁg’h%)rrgegé& §1§/ t em of
this inventi o, gatde 8flaRirge bPthe Mectiofidaniyionh dopadn aie ¢diis ofabbiut 1094, i nput
vol t age enhanci ng exploitation of aeoqlian_energy under valri ab i nd

e Wi
condi tions. t ¢heBpagipyun batteryFyqliase and thyseths Jpaxigym wpph ¥olfagethgjs can

battery 1 depict senti [ Heuhptdery
char ger s;}gterlﬁa qﬁe‘ﬁ%{]ﬁrséng%!’ L#t(?&{]ﬁe‘aﬁir% t oﬁa#ﬁgﬁb%rtggﬁ?ig?ﬁerg is the
circuit of recohsieticth aimbér cfelemenpary csil piestvicellyansefies. m of pre- est abl i shed
frequency, that couples with the battery through a second array of voltage

taps, reproducing the jnductorless (or 15 transforner] ess). invert f said
previ ous PCT %Vé?ﬂsg’aﬁb? Wé‘é‘PiQfﬁle’?\lél.’a&F’E‘W‘l ﬂ??%/ t&ﬂ%%‘%lj—‘*l?gﬁ 1c 1%3ch§£1<>ny
depicts an engpne. difV@erifihd, i RERAME e RIMEe Plafd)the minimum number of

elementary cells in series that form a single baitery or eventually the total number



As it may be observed, the schene of electric energy conversion systemfor
charging a redox battery and for supplying an AC voltage to electric | oads
IS, 20 ungefoz/iidiyo aspects, simlar to that of Figure 4. | rpcanregppksxati on
of this kind as in many ot her applications wherein the main function is
transform ng el ectrical characteristi cs ¥ nstead of operating as a buffer
(UPS), the storing capacity of the redox battery may not be even exploited,
bei ng sufficient a nodest quantity of electrolytic solutions to be flown in
the respective 25 conpartnments of the cells that constitute the battery. O

course, if necessar Lelfles i- |112kikd Bstingcted B RE6s. capaci ty of

t he redox e%f?}lérggﬁlgﬁ%l%@%k@lof ?lf%g} %?%%3 flownb%tter_y csan be
.extensively exploited, for exanple for delivering power when the engine is
out of servi da.tht rsimpliBed dmgran tof\Figrebk sienpby indicated dhe) two cirewlation t he

irs of the electralytic sol uti . hol d. i
Sol ut i ons. suidBREsk i BoRHARE Hersstrpmstiishs SIS kBTt
time. 5 D1 erenidyd by BfmbIP1 GREPRNOGRI M satidyTcaRRNAA thibagiethetrift he use

of storage batteries sively with UPS functions, usi n&ea DC- DC
converter sanccelincompestmients coiteingngs thenpasitivenelecirodecptd ghrougho sk balf-gell ¢ he

ability of converting the variafle frequenc e ated by
the alternat &O“H’éﬁé}?gfsnﬁmft?lalrﬂgt ﬁ? P?ﬁaﬁg? &he rﬁgéo& %&Cfﬁgﬁglﬁ%ﬁgelg om;ali
pre- est abl i shegsfidicatle butGy aObVousd, RV enc gy storgd Qapisy Isydeterpiredehytthbl e and
effective control of the speed of the engine in function of the .IE)otY\l/gr

absor pt i on ofmolstyelofcthei gemorid 05 )elemensy CRRstpting they redey gRuples 1 .
representat | Véﬁé%)&%gfsof#gng%q %%'%ﬁn?e@%}?'ﬁﬁee si¥etallE nkggﬁefe%tréﬁﬁ%a' cally

regul ate the nma even nore vant agéously used a

sensor SO DETECRR iPtat be catit adapted trathgeneefls,one using 18nkshef the ipesitive bot h

the electrolytic solutions, able of generating .an_electric. s'td(r_:;nal .whose

anplitude is gewryteildraad of @‘ql??@a@‘f“a%%"tﬁ’flyt@ rf SUitciqnh GARACKY [ CANAIR 2 o

el ectrolytes. I .functi .S signal, the engine speed wll be

i ncreased or ?il«g@?lg';ksagﬁad@go%’lhm%'n the state of charge of the redox flow
battery to the desired level. The sensor of the charge of the battery may
be, for exanpBetween theatgativennd 2ositive terersals iofighe hattere doheso i hcFHANOf an

el ectrolytic solutiagn. Gbvjousl n r t t .

correl at ed tomflﬁhers‘{fé‘ﬂt@”%‘?dl%tﬁé(PE%gegf’gstﬂiﬂhgg’t?grgﬂfeﬁay 11%&%%5“:@%9 g@"%’%d t he
relative ¢ eCE{dn‘rbléhﬁ%fl’éveH.sed for regulating the speed of the engine. By
nonitoring the state of charge of the battery instead of the output power,
it is 25 easier to inplement a control of the sp,e%g of thg engi ne with

"sl ower" vari Zhé onterraerdiate voliegelitan €avobe reasilie realizerd bypFUIPLYC HERESST

exploiting the "danping and "del aying: € S5Faf

absor pti on byI?R%C%gpé’é@?rcpq%(%%g?Sgyﬁ%gn%g%{t%?@attg?%%ﬁggg‘%ﬁ&?_ e ;lt at ﬁ@f of
charge of thefipatpbREy of al\Eethdhfaly telD fiBfiTthie ToRibadthEnt3ofl priositp petetiiycet t he
battery intri nlsi f:p% I%ygrovi o?es for a{]] i nh'ggrati ng function,t hat . sﬁgul d an
absor bed powethespdjpesnt |slemspiATy ip hagy ong BemQEs ARRDGICE, WL HE of

dedi cat ed 2{) nt ﬂg{cﬁhh Sedi§d driind p?%‘t?}%cﬁié@ Peydde tHeny@imdtenoftie Bpiratdrd al so

for contrdOl'ling an electric notor, basi ¢ schenme of which is depicted
in Figure 6. Wwinpedsketingdf theyespeaigdlovsgompartment ofithelcgls. of the battery 1
absorbs energy fromthe mains, obviously at a substantially fixed voltage

and frequency., The rectified, sj nysojda V. i it \V nul |
Tol tage. ( ZEROCeRERINGnEY RIS R B0 (R VIRLE ahe P Bhafeder Al T
to synchroni ziyggodilR ok sRCAGHARICENE hid eleticaliyyv earinggtpd o tievivboadpposite of t he
swi tches connected to the internedi ate voltage taps of the batte[xﬁgéto

ot her

according to tfives ofitkese binolaraplaties € segie mfle pf gop@iciing atpiakgaceerdl
f int di at | t t £t i I t t
Gescri bed n- ERYRBH M HENARGR bf 8 pdled AR b bingladeckidablly 711 2 BYE e

reconstructs a sinusoidal output voltage of a frequency that may be

programred by ThefefsreresthRifermediaedafywilllte aionvoltigeceonyentianglly feferred to

f ﬁgu\?\jnf—]:j?:—]ggnghec%/lglgt%gtst\é\%rﬁiggll g? %heo[)at%er}}? c%(rjxg\ﬁer:reg Vgst a(,: Q:ler%u#\hr{o%g at Sco?f&%d ed to
potential, that is a multiple of the cell voltage, corresponding to the number of



A notor controller according to the invention, may be extrenely conveni ent
even 20 in the case of turbine power plants generating an AC voltage with a
f requencywiphsfolpa7@r der of one or several thousands of Hz, picanTor@ess or m ng
it in.an AC voltage at mains frequency, for exanple 50 Hz. The di agram
relative to this application is depicted in Figure 7. As shown in Figure 7,
the systemnay al so contenplate a regulation |loop of the 25 rotation speed
of the turbine, using preferably a signal representative of the state of
charge of the electrolytes, simlarly to the case of the engine plant of

Figure S. The applications described in relation,to Figur , and 7
may be, nut ag¢lls intapgspbesh by 1hg ﬁimr‘-@%‘ﬂt‘? f@’zﬁ?ﬂe%ghiéle%ﬁan%?‘géalbgf g%nsi der ed
as based on i dStholheodl) tiiThalngl Wich i didueiingBifolmaisectirinat ton of

"frequency transtforner”, besides the intrinsic energy. stor aggﬂ caﬁgci ty (UPS
function)  of idtenedérexaph &fteussetthacell yoltage, aglelieady sakb 1§ ot ERStaRH AU N | ed

‘energy conversion sys egéa?%aggh%srgég)\fg éirtlaoetratrcr)gzg§?sghﬂf$n§ Bt Y€ iPthelcel) T €dOX

f1 ow bat t er y depragp $8st uiring expensive and | ess

efficient ba ger systems and inverters, also because of the fact
bs ﬁipXrtr?l . .

that no inductors and/or transfornmers are needed, ensures a hi gh power

factor, elimnating in practice any phase | ag between vol e d current
and a | ow haBmomiiotecroediatat taprascwel 25| {hej PostiNe FQSH’&P%O@TXW# %’%.b%@% % he

swi t chi ng noi se can,be easi| [ 1R (WAg gy costyiiol kaersto The
versatility &Pnnaecgipéet @ﬁ?@‘%ﬁeéi"%%éﬁtg?”%ﬁs‘ms‘°l?§?‘py reveal ed when uded with a
gri d- connect ggl s@bA nd¥RWER redidying enipt Gnithgdaticed wxanple eng mest preferebly

gri d-connected photovoltaic panel plant i mal | onsi der.ed -not
requiring anys 9tibﬂalg@/ebﬂ%8ﬁ‘értgat(lﬂpsuElﬁﬁE:&‘P it@h;&?{ B‘é‘frﬁ% \ﬁ%sghﬁ% 1 ﬁ%ﬁtlog
transtorng! ! afdr %‘;‘Eﬁ oDl BatRRAVE is RbASKEGRIPhe PRI ANS bbfhtalpfidel of the AC

power at i &P ncy to p r or contribute to power electric |oads and

eventual |y ouifuit indhelingshearctdgiagistager on the distribution grid (mains) by
using an inverter to convert the DC voltage generated by panels in an AC

b oduged | n roksupERIedes 8 Beyeriy e Yo s aarBRE PRt U e

vol tages of tydhl kpRab: YERG BRUSSINGSDETEOIORS akdib pealndetbanigfoincuit
outputting a nonfna voftage of about 14-15 Volts at certai.n conditions of

i rradiation. PhAKABTEGTORy Ofsourse.saidsunetionak eiftudtsmas & 2y knouREieBl of ¢ he

requi red nom nal r...an arra . I ' o Switne r&imaact ed
accor di ngt o %FCB?‘BB«V%%}?“%@CSSQF?@%(};I%%téﬁ?r}’ @Fﬂégﬁet%eq&rﬁ%ﬂ,@l im order to obviate
to the incons{angy rafgelofthel paktentdrtAC sdurtdie sol ar irradiation, there are
configuration swtches that allow to nodify the series

Both said functional circuits, namely: ZERO CROSSING DETECTOR and
PEAK DETECTOR output a logic signal whose state confirms the detection of a

null input voltage and of a voltage peak, respectively.

20 The block IGBT CONTROL AND DRIVER contains the logic circuits that
determine in real time mode the frequency of the input AC voltage in function of
the interval between the instant of detection of a null voltage and the instant of
detection of a voltage peak corresponding to a quadrant (or a quarter of the period
of the alternated input voltage), the circuits that generate a clock signal whose

25 period varies in function of the detected frequency of the input AC voltage (for
example circuits based on the use frequency multipliers), a state machine or a
microprocessor for commanding sequentially and cyclically in a continuous mode
the turning on, for a certain time or phase interval and without phase ovelappings,

a switch at a time of the array of power switches SW1, SW2, ... SW11, starting



WO 03/0317(1 20 PCT/1T02/ (1 OGS3 parallel schene, adapting it to the
conditions of irradiation in the nost appropriate way for outputting a DC
vol t age %@dg/(,ggeguat e anplitude so to allow the functi onipgg/afédees sol ar
power plant even In the case of a relatively low solar irradiation. 5
Moreover, these expedients are absol utelly necessary in order to nmake a
common inverter operate with an acceptable efficiency. The inverter system
described in the previous PCT patent application No. PCT/|1T02/ 00448, even
if it allows the reconstruction of the sinusoidal waveform at the mains

vol tage and fequenc 1.t hqut  usi a,. tradit] I . I 10 an
i nductor or algr?rPéWétFﬁr%ﬁ ,Wchef‘ t esnﬂgyolg?%ae&ctb%%&?iﬁgé %gléfgﬁ%ilgg&te g? ragenal ize

a fullest explpivligtddny Bf abidaition oBthechrer Byid dopditiohmgtsipmabbo gbmeratéth by
inverter systemaccording to the above identified ltalian *fc)atetﬁ'lgﬁw -
i the

appl i cati on whehdllvoltagmittesoraERBARAPYING DRTES KR tndorthe Wit

phot ovol tai c dules electri I { L Ut.£4a e

el enentary ce{ﬁ%s cB’rmeﬁ%d eegosgﬁ{e Mgﬁgﬁgﬁ? n@gﬁzkggnﬁldg\%yﬁmgo%hat ,

with a stapl es@amsing @afieads fiomr SWilatto SWLaheab ealbef thonsitifiedewvetan i and
constant. In the inverter systemof the aboye identified.lt.alian ﬁgient

appl i cation, @eiediedraguestabliphied e fhe; ‘Pfélvﬁﬂﬁ’fbf)}lél?f'ss?cp conqutioniig S8 far of
el enentary cel Yy erating an equival ent DC
vol tage. 20 T%%‘gléagénds&ﬂg %knﬁ%gwgllb@'&nﬁs%%a g?%vol tage waveform by the

sequential switchings of the array of power switches will generate a

si nusoi dal vofrhaghasssost: sequphtial (dm oanebthebdiffgranitpower Havitchefe 1RY hayet age

avail able at the ter als of, the electrjcal ser.i 0 -1 he vol taic
panel s. | n ot FbstagHg &Cé@@&rdd‘irﬁﬁmt h“’g hseéh&s%\bené@f@}asaa\g{t%lgﬁ |r8n§,]?%l}%er eis
a limt 1o, thenes ﬁfégl'nh{ 1EevAID8rrdsPEnBRREd 4 HbidadsiCoy ohifegetineyntenis.  Thi s
limtation is no ?on er present in the unified system of t'glds i nvention
based on the prplsecef the quadistioxr dfl thevqpartarofye peried of tharrsetied waksfRRar y

cells may be such to satisf he, I ISk A S5 b Hd2/ OO S3
of anplitude i?ﬁ’f%@sg’iar?ﬂﬁ%cﬁpy\eflgﬂ%geééﬁgﬂ 6&1%{"%@@%@%@{ ndepgndent ly
fromthe maxi gupsdel népbi RERapREngd, eltdams bhgurberay cells photaneiapand teanel s,
whi ch according to this invention are explited for char %i ng.the redpx

battery inst eagccessiveeibuy ageordiog|tp aseemeopt aghyniforet SeRITAIPE: JLEFTE ©

si nusoi dal, _wave. .5 The I £ 3 I o this invention for
pr oduci ng 13 eé“("PPEr ﬁcg}lg&oﬁgﬁgpﬁ%\ﬁggﬁﬂﬁg@gﬁgq‘% g’?o'vol tai c panel plant,
conprising a battery charger systemof a redox flow battery and an
associ at e i nveyst &1 alsarpatéve fler switkhing phasgs afi séqDentidlttaryeonfof ahghinct pewennd

frequency approprjate the distributio rid chatacteristics. .k .
out st andi ngl y SEHEReE; BHRY Ea"l"t"1 oY w@rwﬁﬁxr?ﬂm aecg?%é%pﬁoglk? 5%?%?1086% fRetion or gy
pi cked-up 10 taﬁ et%l@ﬁ—‘ REGUAOLS 8 c%iﬁ@t%ﬁﬁ'p‘ériéﬁl@%n@fbh, depelidinigoon ahe soltage

a

irradiation, I's uninterruptly abSorbed by the battery even at .
rel atively | owaneforml ofathe A doutse; B cwample by, Brogssnminggthe (nhasesHwichag on in

the formof an AC vol.tage at nmin req ol i erred
embodi mentof ARHEF tﬁ?é’ﬁ‘f‘%usug‘?"ﬁ% e%)hogjt g\?r(g)ﬁlgpé) %&%gﬁewq@e?gglsrfézﬂe yed
according to LgrRpFAREHr Pravénin &R cdnfrolllig siebidvieg WodgIGRT CONTROIay of
phot ovol tai ¢ panels FC is conposed of six panels electrically in series and
each i nterconSRiNVIRIe, starting fromthe node of a first panel of the
series, the negative termnal of which is connected to the negative

term nal of the BRLLelhe lefaldRdh inehfl SfRuARTERBeIRObENetR by i adficenhe 20
circuit), is connec ecf Foa respective internediate voltage tap of the
battery such tib@tmedistdedpsfcah be ohiforge condi tions, the vol tage. of the
internediate tap of the battery is nore or |less equal to the DC voltage
generated by the panel under conditio of _m ni mam.| l.

irradiati &3 tHat p‘%ﬁt}c%emefﬁﬁeof’ e%"‘ﬁ?‘d?ﬁeorpﬁ%%o&t/oﬁl?uﬁf)@xgé?@%. %ljha%%?’a%rtli ce,
in the pecul i afyicasfiofl o thy itEins PhasBSmEY e alferhiivelyhithplementad owith

panel s, the battery charger systemof this invention may be sinply realized
by directly cosonstent twgn tonetipesand intermesiate voltage tans aohwaifardy vsang?eﬁgént aps
of the battery or ized t ve_appr.oprl |y I s such
to allow the ctﬁﬁ?sg%n& o g(@lgsap f S}r?@ au%ﬁa%or%}t;ﬁ)gno it %égﬂ%g M%i‘?%u%%ltﬁé%

i rradi ation anghngand @istafce GREtrkiict)$n Grmsiofiinomber off eils,cnii oot unifivrineturn
remaining wthin the established range WD 03/(13170 22




PCT/ 1 TO2/ 110CS3 of variation of the charge current of the cells of the
battery. O course, the cells will be dinensioned, in terns of cell area,
in order wooSaAiiséy this last requisite even under conditipomaTafomeEsxi mum
irradiation. As it is observable in the figure, the battery 1 has a total
nunmber of cells sufficient 5 to ensure tthe availability of a DC voltage at
the termnals of the battery that is substantially equal to the peak

vol tage of the sinusoidal wave to be output under conditions of m ninmm
state of charge of the battery. The total nunber of cells of the battery is
i ndependent |y establjshed fromthe nunber of photovoltaic panels that may
be nuch Iess,OWtH“%‘cﬂféﬁ?j%‘?"é‘iheﬁn of the power that may be provided by to each
.panel and of the nmaxi mnum power requisite of the load (or of the ratio

bet ween the R@t\!ﬁéusg ahé abketigitidnher the pedtified droltage mawsforh maxbarmeroor put
power requisite). The array of power switches S 1, S2, Sﬁ %ﬁ 1%, each
‘connected to lassr@gpedepwlﬂgq@fémwmﬁ{eéoﬁé‘VF‘gb%g Péﬁes WeSAER Sl URATARE ar e
al so connected ;to r ectiyv ' is used to construct
the output si¥d 6i°83$€p9\'ﬁ{1/ r%ﬁ#ﬁ%w&g%g&r%{eaﬁtb?ar?g%?ﬁlea%ilehduct orless inverter
system of the above nmentioned Italian patent application. In practice, the
posi tive tser nfjpade Diepas anphitboutive embodiorel obé betiery ohaeggr aystqyaEitais
electrically in series is connected to a respective internediate vol tage
tap of the 20nF&H®R f| ow battery 1 and through a respective power switch,
to the output of the battery based inverter systemthat constructs the

out put  si NUSOLRIAlYAMBYRTLONL M redpdcitfo MRD ik st Bdsienemboditient ©of Rigure N is ettiox
battery can be considered a buffer that stores the ene{)gy gat he[}gd by the
phot ovol t ai ¢ praserks ofincsegsing sircuit GARRENT FONEOR (ftthé ghdthe CuEe JpHUS

si nusoi dal wayef or 2 partion qf the.ou bl ' ki

constructed b “Eﬁdat\?ﬂ]'%gﬂﬁﬁégﬁsdinrgﬁ%‘f/ﬂfsrg%% %fﬁg{eob\?a'(t)t &&Z@%{j grq}é\%\sé?d !\%E?%h

continue {@ cﬁl@bgg]ohg[e 16 efiexXcHagdd endrem tahdany Ppodumbleithreshaldser obindmst
Ut . .

absor bed e electric load of the inverter, 0 3. CLAI M5
PCT/ | TU2100CSBortparatondiladt LEVIE (GHMRARA QR LOW rﬁg\@yr ébg{mﬁ#ﬁ%%o%r
source in one or nore,redox.fl.ow 1 C : hé HHasef

el enent ary CeF?@P%}“@?P? F‘gg;l%&ﬂ?&l?#‘ggotrfitﬁgéé}%?l av?ﬁg&éﬂ%eear%%g{iﬁlgage. [ vol t age,
charact eri zedyim & h@bxibtunt Geferémsesvoltage ethtdsholi nGhibe add wisht ageinbyuireans of
a full wave rectifier; providing for a nunber N of voltage taps along said
el ectrical serqugnwthgqsgwéﬁﬁlamy cells; providing for a nunber N of power
swi t ches each connecting a respective internediate tap or the positive
terminal Qf 1R, Gh@flioh GH onB RIS offer 8F AEPILBAVI0ER dignalsoLisvad dlyf plithenode of
said rectifier; connecting the negative termnal of said electrjical series
of el enent ar y wisddvs corapaatooproduces ircprestide sithird eonditipaing;signgl that $dpp: i ng
the null voltage of t r I fod ibng a first conditioning
and reset si g%?‘eW“%&&%%ﬁyﬁ%ﬁﬁﬁﬁmeB detecting the peak of
the rectified voltage producing said second conditioning and reset signal
of said first xondidd RN alérBatRle: eibddimbitngf thecuyeteti aff this inventgynclit &l |y in
a continuous node and wi thout overl appi nt%s said N swi tches Ofl at ae\ttai me
from the i nst aossible tajestaldish ghe Bexipwe #d the pURIH cRares FETE AL sl Yave

established by the ac{i i O Sl LifnSin 0&ehdeitRfRsIEld STHNR! aiach for
a certai n%‘lgnt il?e{/‘%ﬁ ,eryu%y ﬁg&ggﬁ%Q%WgSt%tﬁgfggﬂ%%@i ng the positive term nal,
i nverting the sgigamifiinuac téferencep creshotde Elivmg thupalafiniog theiaptimat ramgecel

vol t age, established hy the activation of said.second conpdjtiQni i gnal .
2. The met hod vatsnmdiohghe ochares; ﬁ\"i?“tcf‘]?értil‘&tfg’ﬁgz% Rrﬂceﬁsna"? P‘Eeaﬁgﬂtﬁg%‘?d of
25 el ementary gekl s SOIRMD metcmgmﬁexﬁgbmb@emmﬁwsaiteay.e vol tage tap

and another internediate voltage tap or battery term nal adjacent to it of
said electrical series of elenentary cells corresponds to a volta

e
equi val ent t o Ryhabniodring thesharge pureenp tizas é ¢ffactivelnfonsed thronghiibs elgmgfitary
di tizati h f th f f. sai : i ¢ and
Sard Curn Bn eABRGGE Loy SaMET e TNRd HE b b A OF i baReg AT an

intermediate tap that is connected to the output node of the rectifier, and by

comparing it with pre-established maximum and minimum threshold values a



WO 03/ 04317U 24 the sane duration. PCT/1T02/110GS3 3. The nethod of claim
1, characterized in that it conprises nonitoring the charging current

fl owi ng iwotlbesmabenmentary cells of said battery conpri sedprogimeancishe
negative termnal of the battery and thg 5 internmedi ate voltage tap
connected to the output node of said re‘ﬁifier; conparing said current with
a pre-established maxi mum threshold and m ni num threshol d, generating a
third conditioning signal when one of said thresholds is surpassed; turning
of f upon activation of said third conditioning signal, the switch 10
currently ing g, o d POHE df4Eiai i eBblished fivésheld i9bxdebdedad] acent
intermediate1 8??5%%9%%%ﬁﬁf&ﬁ$g%er é#uggl?gﬁer vol tage than the voltage of
the internmedi ate voltage tap of the switch just turned off depending on

whi ch of sai @poaxiheuractivation eif rawehc fearthird g cenditianing + Aguadn dheisalgetthpeen

sur passed duri t he .j.ust conc i | ek Rl d
‘accor di ng to“Elr;lthffj ‘%E‘&%@S{@‘éwgzﬁ:@w&% sal gﬂggﬁc}i{l tﬁ}rrg%no%?ﬁen%‘i?%{lgrl ap of
the turn on pRRSEoRTand tEMstdaNthel siitch hiftthe fadjacatt istermadidte ap st bigber ed by
logic circuit nmeans. 5. The nmethod according.to claim1, characterized in
t hat sai d5cotwierivoltags thap the seltags affthe Hien W%Wl’ﬁﬁ%t s gpst egwstof"ﬁc i th

t hat of another swtch_j abli gl OMRFge duptenf val
between a tu ﬁpe&ﬁ*ngi s g?ltthe%ng @Hgﬁiﬁ%ég%esﬁﬁlgﬁﬂﬁ ﬁ{?%ér%a}dﬁ%tanté.é 6. An

el ect rochem gad béeh@kagdes Yatigmhefswitchiag phasegustifigished.om an AC source in one
or nore redox flow batteries conposed of a plurality of elenentary cells

electrically in series and having a certain cell.voltage.. .conprisi 25 at
| east a full ’Rhﬁ\bétt%(c‘thﬂ’ﬂeélsys_é%ﬁ?élﬂs fwegﬁ?ﬁcﬁé%g%?gé%t?g%% %rggf&z#%gdox_
battery COWP?@% iferfer Qg’&élﬁlblagéﬂ S thE MSETBNA Afdbx BRktér§ debeibed iof ld Alredy ser i es
and having a first array of a nunber N of internediate voltage taps al ong
sai d el eadri wittd ROT qmtent applicatinn ANg. BETIIT02/00448; ip 1the (namez0fy the same '
PCT/ 1 TO2/ 0116s3,ZS .a ,nunber. N of . first.power s S h n ing a
respective i AtRPLGER; dtVe Teigings andipry S?S‘?TF’E% %Jrnrya;f}%atgggfhoefe g%s it@?végfetg}sm nal of
the electri C%sr?%@ﬂi\iew £6f cBArBIBNE 3Ed0xC BbWs biteerarand Ufop Uelineriiey AC gaindr
rectifier, ' and the negative termnal of said electrical series of
el ement ary cehérefrempahusgreabizingct systers of ensmsibAlOFARCEHt # dPdeodew for
detecting the nuyll wvalue.of the.recfhfj t j &bk st
condi ti oni ng °&H?LJ[’1?‘ é’\gtff‘p ?t%?leﬁflggb}i‘{:ngé)ggceg\ggac{)g% d%gﬁgﬁ{glo gé\kigér’\rlg;&siagnél . means
for detecfsi ngoddi@peRadikg af ad Aleerite Voltdged AC vol tage producing said 10 second
conditioning and reset signal disabling said first conditioning signal;
means swi tching sequentially @nd cyctJ i cal l ont i nuous node and
ABIAPLS

: [ é%n a ¢ _ _
wi t hout over IEigpedgiepioto basic HepR UpTEd SIS s i t ches one at a tinme

starting fromthe instant of detection of the null value of the 15

rectifl ed Vol g, e vRliehen S Iesiebl | sarlatire UbicRs toyaaradiofespaiitof | 1!

condi tioning si , up to said switch connecting the positive, t_ernl' nal of

sai d el ectri caireserecieylation diotésy geqesary sden drivingt indyetive loads, anidswellof
detection of peak of the.rectified. vo . bl i shed by the
activation of &“&O%EQWI%MR%%Bﬁb%g&g?)gﬁtag@{gégE’%Qﬁ%eg&teesect rochem cal

storage systemof claimb, characterized in that _
20  The two terminals POWER YO represent in this case the input nodes during the

charge process of the redox flow battery 1 and the output nodes during the

discharge process, when powering electric loads connectable to the terminals.

As described in the above mentioned previous patent application, the output
bridge, constituted by four power switches, SW13, SW14, SW15 and SW16,
25 properly driven by the control and drive circuit CONTROL AND DRIVERS,
selects the electric path, inverting the output current paths (i.e. the sign) every

half-period of the constructed sinusoid of the AC alternate supply voltage that is



the nunber of elenentary cells conprised between a certain internediate

vol tage tap and another internediate voltage tap or battery term nal

adj acent g obhsdiho said electrical series of elenmentary celpcs/ntemoesponds to
a voltage equivalent to that of a respective phase interval of a nunber N
25 of discretization phases of the waveltorm of said AC voltage in a
quadrant and said turn on intervals of said swtches have substantially the
sanme duration. 8. The el ectrochem cal storage system of claim®6,
characterized in that it conprises 30 neans for nonitoring the charging

Cai o bat t ory bR ihe e Retonar b e ylpipridely Bitly Pnlid BEREC 5, £

internedi at e yol 398, 4 aPoAMKGCE B6ll Wavk hectfiet Hennddeging timabatteredtis i er ;
means for conparing said current with a pre-establi szg_o{gggm nmum 5 t hreshol d

and m ni num tépliestg Gurigg rechargenphase) therfunctional soheme MDY fATE one of

'sai d threshol ds is_.surpassed. sai fEAns swtch at the activation of said
third condi tiSW?IHQfE%‘E% ’,asgﬁ?@)ﬁ?%g off the switch currently in a
conduction state and turning on the switch of the adjacent internediate
vol tage t3p accBidaien this batic kawbedinint upa tnifled sysem t therevipbaligac ofray pb

internedi ate voltage tap that has been_ sw.tched off ,if.either i Xi mum
or said m ni rpomet haitghesgS Wi P¥7 -bh*?‘%@ﬁd?\qdd disgretipation” <9f the vy, fo§urt|(ﬂlr11§gmt he

just concl uded sw tchin . The system according to any of the
et TRyl

previ ous cl a8 characterized in that it conprises |ogic
circuit neans ensuring said condition of no overlap of the turn opn phase of
a switch witiDidwat thé dischiiming spotesk,. the). powes awvisehes oehdhe caarays jWitehn

according to any of previous clains, .characterized. | i | ses
circuit ?reans‘e@‘)é,/@cnﬁblﬂfl(o%‘l‘ﬁ %ﬁ&alg}h’é‘r%cqnﬁf"é?‘{fa{fw eefto\r/\gglrr# egn{etll}?a trll c%l??sﬁ?é@{l%nt and
the succegsivg a fdtiofl fi@%}@?ﬁte ditaildn adBstedlishéd by hientaatol pycgram 6bz

ergy

transformng electrica froman AC source of any  f ré%er&cly in

el ectrical engngyr oftheveeriablof the akernateswltage al Whishoxter 48 SePERINOARS v o) t age
and frequency conprisi at least a full Y e hdd paid AC
source; at | e r@%ﬁ&ﬁ% 1F5e%° W&tl%?rﬁ%ggg%f@&aﬁaﬁ%’?ﬁs% 35@1? thﬁ%fn\gﬁif ary .
cel I's 25 el eqirijadlddYin 4 pedEdigSsydabrondad urnng evety hslf-pariodipycthe outgnirber N
of internediate voltage tpaps along said electrical series of elenentary
cells; a nunbemxdgsl of first power swtches each connecting a respective
internediate tap of said first array or the positive termnal of the WO

out put nolfe. o9V Yy Bt L AR e e e et 11 cal
series of el egmfdrar spatidl distribution of the intermediate voltages taps is preferable, the
discretization/reconstruction of a sinusoidal waveform being actuated by
programming appropriate durations of the switching phases of the power switches
during each quarter of a period, according to common discretization techniques of
20 a waveform, storing the timing data relative to each switching phase in a
nonvolatile read only memory that may be scanned in opposite directions for

switching the power switches in the succession of quarters of the AC period.

A thorough and detailed description of the so implemented inductorless (or

transformerless) inverter, as well as alternative embodiments may be found in the

25  above mentioned previous Italian patent application.

The ability of the unified system based on the use a redox flow battery of this
invention of storing and supplying energy, offers unsuspectable outstanding

performances in many practical applications.



bei ng connected to a common potential node; means for detecting the null

val ue of the rectified voltage generating a first 5 conditioning and reset
si gnal diywahkld® second conditioning signal; neans for eetraced/ongst he peak
of said.rectified voltage producing said second conditioning and reset
signal disabling said first conditionintf signal; neans switching
sequentially and cyclically in a continuous node and w t hout overl appi ngs,
for a certain interval said N switches one at a 1o tinme starting fromthe

i nstant of detection of the null value of the rectified voltage waveform as
established hy_the activatiaon of o T b ELON FoiOdtérdineg aHd to said
switch conne lﬁba?cﬁg‘oﬁtolgmof'\%t ?%?ﬁf?%lk%@ns%ggﬁggﬁﬁgl seri eg_s,
inverting th‘é‘up;ﬁyﬂﬁgcgné tigy atretidre buttesy detthasf ofeindcturinesofor expledtkigof  t he
rectified voltage waveform as established by 15 the activation of said
second condi readinregergygnal ; a second array of a nunber M of internediate
‘vol tage taps along said series of elenentary cells such that the nunber of
el ementary cells [ efmee VB dvnbhfbyedtiveh ebyt apwarndshiinot her
tap or an en?“} gpéﬁ%%F @rﬁgﬁaﬁe&ﬁgtlﬁgfeygg%i&lgc_entﬁt.hemo of };ai d series of

el ementary cekhsraido a6 AC eskapedbe frequenvy bt whishwarigein Bipeidaref (98 r9§tethe

maxi mum vol tage value in a r_?{sﬁ&gcti ve, phase interval of a nunber M of

di scretizat i sheqdhtimeds BiostaplialPednstalt-of said certain AC voltage in a
guadrant; a nunber M of second power switches each connecting either a
respective té}&)ﬁ fscodd dvdhve LR BaLRA) clifgen sydtedtof plaik anvientio kel adagtsatiodbe r i cal
series of 25 elenentary cells to a comon voltage node of said.electrical

| oad ci r cui t ;frequbndydeangesaafahé eactified mpit vjtagh e w@texe@aﬁaﬁ?a %%?Pﬁ?“
conposed of at |east, four,power pt:ches, having a first pair of nodes
coupl ed resp@?’i’gyé%“@eﬂﬁaréagredw Sﬁa&lg&'tage node and to the other term nal
of said electrical 30 series of elenentary cells of polarity opposite to
sai d firsf, pPoh@abberviap Figurs a¢ eedpdation toofherleftief thobastery UtdepistsagssontiaBpwer

out put; WO 03/03170 28 PCT/1T02/ 00653 neans sw.tchi E%?seeguenti ally and
cyclical |y intheeame Runstionatsehemsf the battery chargerSystiip o4 Swi t ches, each
for a tinme interval corresponding to 1/(4M the period of said output AC
vol tage and f Lkl ' i § thodlraitvof edvesstafctisaiofl abrdutige st age
at every hal ff%éﬁ%gﬁ%?fqglgi “E’%’oﬂ’f%‘ﬁ'? g\C vol tage. 12. The ,e{le trochem cal
system of cl aiipusbid waleforinnoft pre-¢stabbisitedgliequepey, dhats geuplesi Wi tg"r ﬁ’é?er&oi nci de

with the Mvoltage taps of said cond array. e i cal
system of cl atbreugh ansesosfnagay CP%‘SB&E% e%atpg’p Sreé?iguc;[ﬁge tfb ML QNGRS G

15 transformerless) inverter of said previous PCT patent application No.

PCT/IT02/00448.
Figure 5 basically depicts an engine driven self-generation power plant.

As it may be observed, the scheme of electric energy conversion system for
charging a redox battery and for supplying an AC voltage to electric loads is,

20 under many aspects, similar to that of Figure 4.

In an application of this kind as in many other applications wherein the main
function is transforming electrical characteristics instead of operating as a buffer
(UPS), the storing capacity of the redox battery may not be even exploited, being
sufficient a modest quantity of electrolytic solutions to be flown in the respective

25  compartments of the cells that constitute the battery.

Of course, if necessary or desirable, also the intrinsic storage capacity of the redox



di sposed at regular intervals of a certain nunber of elenentary cells in
series. to 14. The el ectrochem cal systemof claim 13, characterized in
that it oQpRziosAs Neans for nmonitoring the chargi ng curremctiiirgmiosss i n t he
el enentary cells of said battery conprised between the negative term nal of
the battery and the internedi ate voltag¥ tap connected to the output node
of said 15 rectifier; means for conparing said current with a
pre-established maxi numthreshold and m ni mrumthreshold, generating a third
condi tioning signal when one of said thresholds is surpassed; neans for

swi tching off upon activation of. said.thi Ll onk:0g.: S whe the
switch curre ng)aftﬁryaca@:iaﬁoq}g%sgﬁlysetxg Oétteaz;fnfggpgar}&%trfé{?dr%ogrﬁﬁ% e swtch of the
adj acent i nt glr@dindti§ oMbt RBAcE. aPtiAs cdseginevill be sanply meesssarglio dgsign Hen t he

voltage of the internediate voltage tap of the sw tch hust aﬁ/vitlcged of f if
either said msgiveirsn ot theaglectralyisohrbons i heldcarsegatn YHPEEHS) O HYP heen

‘'sur passed during. the jus ”s%}' g ao@BRgke. 15- An aeolian
power plant. E'btﬂg’ref@ionégng%te aF;leas ng&\?\? n grgl%en p§| 8ct ri cgl al t ernat or

generating an AC voltage of variable anplitude and frequency, characterized
in that i§ COérents fivm tHeammmaneptimiabtiayappevachfbastdadmiheuse @f staregesf or ni ng

the electrical energy. produce id.alternatorJ Celectrical
(13/0. 13170 battasiesr eprlusively ovi Rﬁ’tﬁs %ﬁ@&“%n‘&‘%ﬁspgpéf F%‘b"&étﬁéfﬁgna
anpl i t ude. Egﬁ%hlp?tﬁ@%géém'@Qthﬁf‘ixﬁ&ﬁhdn?rbe@é&\é@romh@rabniep@prcbﬁmgnmhd east an

i nternal conbustidon engine driving an electrical alternator generating an
AC vol t age ofvatiable &eheerappifithaid€ oltidgs senpatedhy theraltesnater deperring, okt i t

conprises an el ectrocheni c 5 system of clai ) i

el ectri cal eﬁléfr’é’ya“ﬁfléaﬁféle?fathﬁe f(?jtoaq ?rg'reﬁtgt’@%h% #;lﬁ%%rgﬂ&e‘%l??’i %@W&fﬁ%{’}ngy of
pre- est aqgu S*&sﬂ%ﬁﬂgﬂ&ﬁaﬁ&tﬁeFandieﬁ‘edtiv_@ct@nﬁaobf_fmeqp@amf.thazngifféwm fomesion pl ant
of claim 16, characterized in that it conprises at |east a detector of the
charge of at oféwsgoveer absasptionoofithe eleesir lpadth of the redox battery and neans
for varying the speed of the engine in function of a signal produced by

said to detegtor. A Y ; iHaglogd i ven
el ectrical aﬁf’sg?aﬁia%%fsnbge%gl\lggéli rﬁél%ggﬁtﬁgg@g:t@ag%eﬁ b%/lggi%g%?%éd;ﬁnjgl it Sde and
frequency, clhigs agtdmdtieally i regilbt thet spedpof sies eagine) étcmayc hendweal Moyt em of
claim11l for transform ng energy pr.od aL.d alter or ip AC

el ectrical eradvapfagsouply aised g $89508 ROY ﬁﬁ&gm&ﬂ&&%ﬁg%ﬁ%ﬁ@?&% or
frequency. 1 | &) , a6 BF BERRAirkLsh ERclridadigral
conpri ses at %pee%}\%r g)pggpleg{egér}é%&%tﬁe@é é’?’g’ea of a? I easlfgean efect r%layti c
sol ution of tyigse ednplitbdd iempyopmibnal to the state of charge of the electrolyte of

electrolytes. In function of this signal, the engine speed will be increased or

decreased to maintain the state of charge of the redox flow battery to the desired
level. The sensor of the charge of the battery may be, for example, an instrument

20 for measuring the redox potential of an electrolytic solution.

Obviously, any other parameter that may be correlated to the state of charge of the
battery may be monitored and the relative electric signal used for regulating the

speed of the engine.

By monitoring the state of charge of the battery instead of the output power, it 1s

25  easier to implement a control of the speed of the engine with “slower” variation
ramps, avoiding too frequent and abrupt changes by exploiting the “damping” and
“delaying” effect that sudden changes of absorption by the electric load of the
battery produce on the state of charge of the battery.



means for varying the rotation speed of the turbine in function of a signal
produced by said detector. 20 20. A controller for an electrical AC notor
connect ab¥e oso+431fe mai ns and conpri sing means for regul at iPag/Iréraoesseed of
the notor by varying the frequency of the AC voltage applied to it,
characterized in that it conprises an el%ectrochem cal systemof claimi11
for transformng electrical energy at voltage and frequency of the mains in
el ectrical energy supplied to the notor at an AC 25 vol tage the anplitude
and frequency of which nay be established by a command for regul ating the
speed of the . i o L t : I 4 fakcuit of
coi d second M Peisf e el el caBly" oryidl 390 s A, Bt 's5 So
21. An aeol i givupbuerabpdrded poorpsigaainge anpiloyed! woyldofieep Hot ey edtbated byanel s
electrically in serjes agd at |l.east an inverter for transform ng the DC

el ectrical eméemppofdedicaied yerauRe Gei¥sat ed by said panels in el ectrical
‘energy at the mains voltage and frequency, characterized in that said

inverter co [dy3RH 5f @k ihRABbn fnaydQsed AlsbTOY coRrmaResh Séctic Rlowpthet y of
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i ncl udi ngs a basixbssheiNe of whithas deplctad én Figireeye t aps al ong sai d series of
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each connect] ej ther, a rnespectiv (RN t he
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termnal of a first_ photovqltaic panel, of said, plurality o anel

connect ed i nTherreetified] sinpspidal owaysiomn tlérfﬁ?ﬂ&re%ﬁyeﬁ@hm&{ Vé’iﬁ‘g" gﬁﬁﬁg’vol taic
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AC vol tage. Cauplad .taltheodlrer aray fof intermediate voltage taps of the battery 1 is the
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15  system reconstructs a sinusoidal output voltage of a frequency that may be

programmed by a command REF issued by the control circuitry of the sequential
and cyclic switchings of the power switches which is applied to the windings of

the motor.

A motor controller according to the invention, may be extremely convenient even
20  in the case of turbine power plants generating an AC voltage with a frequency in
the order of one or several thousands of Hz, for transforming it in an AC voltage
at mains frequency, for example 50 Hz. The diagram relative to this application is

depicted in Figure 7.

As shown in Figure 7, the system may also contemplate a regulation loop of the
25  rotation speed of the turbine, using preferably a signal representative of the state

of charge of the electrolytes, similarly to the case of the engine plant of Figure 5.

The applications described in relation to Figures 4, 5, 6, and 7 may be, mutatis
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20 compatlble with the charge voltages of traditional lead batteries and thus
interconnected for outputting a nominal voltage of about 14-15 Volts at certain

conditions of irradiation.

Photovoltaic power plants thus contemplate, in function of the required nominal
power, an array of a plurality of panels interconnected according to a proper

25  series-parallel scheme.

Often, in order to obviate to the inconstancy of the intensity of the solar

irradiation, there are configuration switches that allow to modify the series-
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s Moreover, these expedients are absolutely necessary in order to make a common

inverter operate with an acceptable efficiency.

The inverter system described in the previous PCT patent application No.
PCT/IT02/00448, even if it allows the reconstruction of the sinusoidal waveform
at the mains voltage and frequency without using a traditional inverter employing
10  an inductor or a transformer, it is not free from inefficiencies that penalize a

fullest exploitation of the solar energy input to the panels.

The inverter system according to the above identified Italian patent application
would not employ any battery in view of the fact that the photovoltaic modules
electrically in series constitute a battery of elementary cells or modules all
15  generating the same DC voltage that, with a stable and constant irradiation can

also be considered stable and constant.

In the inverter system of the above identified Italian patent application, each
module or panel the functions like a certain number of elementary cells of a redox

flow battery in generating an equivalent DC voltage.

20 The construction of a sinusoidal AC voltage waveform by the sequential
switchings of the array of power switches will generate a sinusoidal voltage
whose amplitude cannot be greater than the DC voltage available at the terminals

of the electrical series of all the photovoltaic panels.

In other words, according to the cited prior application, there is a limit to the
25  amplitude that the constructed AC voltage may have. This limitation is no longer
present in the unified system of this invention based on the presence of a redox

flow battery. The number of elementary cells may be such to satisfy the requisite
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5  The unified system according to this invention for producing electric energy by

grid-connected photovoltaic panel plant, comprising a battery charger system of a
redox flow battery and an associate inverter system for outputting an AC voltage
of amplitude and frequency appropriate the distribution grid characteristics is
outstandingly efficient. It allows the fullest exploitation of the energy picked-up
10 by the photovoltaic panels under any condition of solar irradiation, that is
uninterruptly absorbed by the battery even at relatively low DC voltage and
therefore is available for transformation in the form of an AC voltage at mains

frequency.

Figure 8 depicts a preferred embodiment of a power plants using photovoltaic

15  panels realized according to the present invention.

In the depicted diagram, the array of photovoltaic panels FC is composed of six
panels electrically in series and each interconnection node, starting from the node
of a first panel of the series, the negative terminal of which is connected to the
negative terminal of the battery 1 (that is to the common potential node of the
20  circuit), is connected to a respective intermediate voltage tap of the battery such
that, under full charge conditions, the voltage of the intermediate tap of the battery
is more or less equal to the DC voltage generated by the panel under conditions of

minimum level of solar irradiation that may be exploited by the photovoltaic cells.

In practice, in the peculiar case of plural DC sources such as the photovoltaic
25  panels, the battery charger system of this invention may be simply realized by
directly connecting the panels to respective intermediate voltage taps of the
battery organized to have appropriately matching voltage levels such to allow the
charging of the battery under conditions of maximum irradiation and as far as

conditions of minimum irradiation, while remaining within the established range
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10 each panel and of the maximum power requisite of the load (or of the ratio
between the power available at the input and the nominal maximum output power

requisite).

The array of power switches S1, 82, S3, ..., S12, each connected to a respective
intermediate voltage tap, several of which are also connected to respective
15 - photovoltaic panels, is used to construct the output sinusoidal waveform by
implementing the inductorless inverter system of the above mentioned Italian

patent application.

In practice, the positive terminal of each photovoltaic panel of the array of panels
electrically in series is connected to a respective intermediate voltage tap of the
20 redox flow battery 1 and through a respective power switch, to the output of the

battery based inverter system that constructs the output sinusoidal waveform.

In an application of this type, the redox battery can be considered a buffer that
stores the energy gathered by the photovoltaic panels and gives it back for

constructing the AC output sinusoidal waveform.

25 A portion of the output sinusoidal wave is constructed by drawing power directly
from photovoltaic panels, which continue to charge the redox battery with any

power in excess of that absorbed by the electric load of the inverter.
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providing for 2 number voltage taps along said electrical series of

elementary cells;
providing for a number N of power switches each connecting a respective
intermediate tap or the positive terminal of the electrical series of
10 elementary cells to the output node of said rectifier;
connecting the negative terminal of said electrical series of elementary cells
to a common potential node of the circuit,
detecting the null voltage of the rectified voltage producing a first
conditioning and reset signal of a second conditioning signal;
15 detecting the peak of the rectified voltage producing said second
conditioning and reset signal of said first conditioning signal;
switching sequentially and cyclically in a continuous mode and without
overlappings said N switches one at a time from the instant of detection
of the null voltage of the rectified wave established by the activation of
20 said first conditioning signal each for a certain interval, up to said
switch connecting the positive terminal, inverting the scan direction
upon detecting a peak of said rectified voltage, established by the

activation of said second conditioning signal.

2. The method according to claim 1, characterized in that the number of

25  elementary cells comprised between a certain intermediate voltage tap and another
intermediate voltage tap or battery terminal adjacent to it of said electrical series

of elementary cells corresponds to a voltage equivalent to that of a respective
phase interval of a number N of discretization phases of the waveform of said AC

voltage in a quadrant and said turn on intervals of said switches have substantially
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3. The method of claim 1, characterized in that it comprises
monitoring the charging current flowing in the elementary cells of said
battery comprised between the negative terminal of the battery and the
5 intermediate voltage tap connected to the output node of said rectifier;
comparing said current with a pre-established maximum threshold and
minimum threshold, generating a third conditioning signal when one of
said thresholds is surpassed;
turning off upon activation of said third conditioning signal, the switch
10 currently in a conduction state and turning on the switch of the adjacent
intermediate voltage tap at higher or at lower voltage than the voltage
of the intermediate voltage tap of the switch just turned off depending

on which of said maximum and minimum charging current thresholds

has been surpassed during the just concluded switching phase.

15 4. The method according to claim 1, characterized in that said condition
of no overlap of the turn on phase of a switch with that of another switch is

ensured by logic circuit means.

5. The method according to claim 1, characterized in that said condition
of no overlap of the turn on phase of a switch with that of another switch is
20 ensured by establishing a guard interval between a turn off instant and the

successive turn on instant.

6. An electrochemical storage system of electric energy from an AC
source in one or more redox flow batteries composed of a plurality of elementary
cells electrically in series and having a certain cell voltage, comprising

25 at least a full wave rectifier coupled to said AC source;
at least a redox battery composed of a plurality of elementary cells
electrically in series and having a first array of a number N of
intermediate voltage taps along said electrical series of elementary

cells;
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5 being connected to a common potential node;
means for detecting the null value of the rectified AC voltage producing a
first conditioning and reset signal disabling a second conditioning
signal;
means for detecting the peak of the rectified AC voltage producing said
10 second conditioning and reset signal disabling said first conditioning
signal;
means switching sequentially and cyclically in a continnous mode and
without overlappings, for a certain interval said N switches one at a
time starting from the instant of detection of the null value of the
15 rectified voltage waveform as established by the activation of said first
conditioning signal, up to said switch connecting the positive terminal
of said electrical series, inverting the scan direction at the instant of
detection of peak of the rectified voltage waveform as established by

the activation of said second conditioning signal.

20 7. The electrochemical storage system of claim 6, characterized in that
the number of elementary cells comprised between a certain intermediate
voltage tap and another intermediate voltage tap or battery terminal
adjacent to it of said electrical series of elementary cells corresponds to
a voltage equivalent to that of a respective phase interval of a number N
25 of discretization phases of the waveform of said AC voltage in a
quadrant and said turn on intervals of said switches have substantially

the same duration.

8. The electrochemical storage system of claim 6, characterized in that it
comprises

30 means for monitoring the charging current flowing in the elementary cells of
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means for comparing said current with a pre-established maximum

5 threshold and minimum threshold, generating a third conditioning
signal when one of said thresholds is surpassed;

said means switch at the activation of said third conditioning signal,

switching off the switch currently in a conduction state and turning on

the switch of the adjacent intermediate voltage tap at higher or at lower

10 voltage than the voltage of the intermediate voltage tap that has been

switched off if either said maximum or said minimum charging current

threshold has been surpassed during the just concluded switching

phase.

9. The system according to any of the previous claims from 6 to 8,
15  characterized in that it comprises logic circuit means ensuring said condition of no

overlap of the turn on phase of a switch with that of another switch.

10. The electrochemical system according to any of previous claims,
characterized in that it comprises circuit means establishing a guard interval

between a turn off instant and the successive turn on instant.

20 11. An electrochemical system for transforming electrical energy from an
AC source of any frequency in electrical energy deliverable to an electrical load at
a certain AC voltage and frequency comprising
at least a full wave rectifier coupled to said AC source;
at least a redox battery composed of a plurality of elementary cells
25 electrically in series and including a first array of a number N of
intermediate voltage taps along said electrical series of elementary
cells;
a number N of first power switches each connecting a respective

intermediate tap of said first array or the positive terminal of the
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and the negative terminal of said electrical series of elementary cells
being connected to a common potential node;
means for detecting the null value of the rectified voltage generating a first
5 conditioning and reset signal disabling a second conditioning signal,
means for detecting the peak of said rectified voltage producing said second
conditioning and reset signal disabling said first conditioning signal;
means switching sequentially and cyclically in a continuous mode and
without overlappings, for a certain interval said N switches one at a
10 time starting from the instant of detection of the null value of the
rectified voltage waveform as established by the activation of said first
conditioning signal, up to said switch connecting the positive terminal
of said electrical series, inverting the scan direction at the instant of
detection of a peak of the rectified voltage waveform as established by
15 the activation of said second conditioning signal;

a second array of a number M of intermediate véltage taps along said series
of elementary cells such that the number of elementary cells comprised
between a certain intermediate tap and another tap or an end terminal of
the battery adjacent thereto of said series of elementary cells

20 corresponds to a voltage value represented by the maximum voltage
value in a respective phase interval of a number M of discretization
phases of the waveform of said certain AC voltage in a quadrant,

a number M of second power switches each connecting either a respective
tap or a first terminal of a first polarity of said electrical series of

25 elementary cells to a common voltage node of said electrical load
circuit;

a bridge stage for inverting the output current path, composed of at least
four power switches, having a first pair of nodes coupled respectively
to said common voltage node and to the other terminal of said electrical

30 series of elementary cells of polarity opposite to said first polarity and a

second pair of nodes constituting an AC power output;
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means switching sequentially and cyclically in continuous mode one at a

time said M second switches, each for a time interval corresponding to
1/(4M) the period of said output AC voltage and for switching by pairs
said four switches of said bridge stage at every half-period of said

5 output AC voltage.

12. The electrochemical system of claim 11, wherein the N voltage taps of

said first array coincide with the M voltage taps of said second array.

13. The electrochemical system of claim 12, wherein said voltage taps are

disposed at regular intervals of a certain number of elementary cells in series.

10 14. The electrochemical system of claim 13, characterized in that it
comprises
means for monitoring the charging current flowing in the elementary cells of
said battery comprised between the negative terminal of the battery and
the intermediate voltage tap connected to the output node of said
15 rectifier;
means for comparing said current with a pre-established maximum
threshold and minimum threshold, generating a third conditioning
signal when one of said thresholds is surpassed;
means for switching off upon activation of said third conditioning signal,
20 the switch currently in a conduction state and for turning on the switch
of the adjacent intermediate voltage tap at higher or at lower voltage
than the voltage of the intermediate voltage tap of the switch just
switched off if either said maximum or said minimum charging current
threshold has been surpassed during the just concluded switching‘

25 phase.

15. An aeolian power plant comprising at least a wind driven electrical
alternator generating an AC voltage of variable amplitude and frequency,
characterized in that it comprises an electrochemical system of claim 11 for

transforming the electrical energy produced by said alternator in AC electrical
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16. An aeolian power plant comprising at least an internal combustion
engine driving an electrical alternator generating an AC voltage of variable
amplitude and frequency, characterized in that it comprises an electrochemical

5  system of claim 11 for transforming electrical energy produced by said alternator

in AC electrical energy of pre-established and constant amplitude and frequency.

17. The power plant of claim 16, characterized in that it comprises at least
a detector of the charge of at least an electrolytic solution of the redox battery and
means for varying the speed of the engine in function of a signal produced by said

10  detector.

18. A power plant comprising at least a turbine driven electrical alternator
generating an AC voltage of variable amplitude and frequency, characterized in
that it comprises an electrochemical system of claim 11 for transforming energy
produced by said alternator in AC electrical energy of pre-established and

15  constant amplitude and frequency.

19. The power plant of claim 18, characterized in that it comprises at least
a detector of the charge of at least an electrolytic solution of the redox battery and
means for varying the rotation speed of the turbine in function of a signal

produced by said detector.

20 20. A controller for an electrical AC motor connectable to the mains and
comprising means for regulating the speed of the motor by varying the frequency
of the AC voltage applied to it, characterized in that it comprises an
electrochemical system of claim 11 for transforming electrical energy at voltage
and frequency of the mains in electrical energy supplied to the motor at an AC

25 voltage the amplitude and frequency of which may be established by a command
for regulating the speed of the motor applied to an input of a control and driving

circuit of said second array of power switches.
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) electrically in series and at least an inverter for transforming the DC e

ectrical
energy at the voltage generated by said panels in electrical energy at the mains

voltage and frequency, characterized in that said inverter comprises
5 at least a redox battery composed of a plurality of elementary cells of a
certain cell voltage electrically in series and including a number N of
intermediate voltage taps along said series of elementary cells that

constitute the battery;

a number N of power switches each connecting either a respective tap or the

10 positive node of the battery to a first input of a bridge stage for
inverting the output current path composed of four switches driven in
pairs having a second input connected to the negative terminal of the
battery, and to the negative terminal of a first photovoltaic panel of said
plurality of panels connected in series;

15 the positive terminal of each of said photovoltaic panels being connected to
a respective intermediate voltage tap of the battery at a voltage lower
than the DC voltage generated on the relative positive terminal of the
panel of said series, referred to the potential of said negative terminal of
the battery, and of the first photovoltaic panel of the series;

20 means switching sequentially and cyclically in continuous mode one at a
time said M second switches, each for a time interval corresponding to
1/(4M) the period of said AC voltage and for switching by pairs said
four switches of said bridge stage at every half-period of said AC

voltage.



