
s8z

.sJaf,€dS,souEJqruoLu palUord 'sluauala olrurl'sf rs{qd-t}lnN'stsll€lPor}lola asJa^au :sZo/A^e>!

'uotle;edo pue u8rsap sllun Clì ;o uotleztulldo

oq] ro, lool Sursltuo;d e eq ol s-reedde pado;a,rep laPoLu aqf 'PalenlP^o se^^ uol]€Jlualuof, sPoaj

oLll jo af,uonl;ut aql,;arroaloN 'souuJqurauu palgo.rd pue's;areds aAllf nPuof,-uou ]noqllM Jo q]lAA

Jaqtto .saueJquaur re;1 Surpnlrur 'pete3;lsalur aJaM suotle;n8guo) louu€tl)/aueJqLualu luaJalJlc

'palnduor a;aa,r ,(]tsuap "rar*od lau Pue sso"r3;o sonle^ oq] Pu€'pautelqo oJa^ uleuoP ll€Ja^o aql

ur leqlualod pue saxnlj'suorleJluaf,uol'oJnsse-rd ',Orro1a^ jo suollnqlJlslP aLll'slndlno laPoul sV
'uollelJe^ P€ol leuJalxa

or{t pu€ of,uE}slsar s}uauueduuof opoJpala aq} osl€ }unof,)P o}ul 3ur1el fq's"|ted llol }o Jaqunu

uaru3 ,(ue Jo )llpls e ur ll;suep ;ar*od 1eu 7 sso.r8 pue ,brsuep luaJJnf 'letlualod ì)€]s 
'o 

uolleln)l€f

or1l roJ suollenba rre-rqa31e (f,r) lq peleldr-uor sr lapout aqr f11eur1 'drunf uoll€rluo)uol a}€lnrlls o1

perdope ara6 sluotf,Uraol uogtll.red (rr):dunle8el;o,r olelnuts or par;dde sem l.roaql uolsnlfxo u€u

-uoq (rrq):saf,€JJalul uotlnlos-au€Jquau ]V'sau€Jquaul aLll ulqll/v\ uo!]eJluaf,uor sa3;eqr PaxU aql

lunorr" olul osl€ 3ur>1el'e;aqa,r,(;a,ro paunsse s€a,r uotltPuor ,Otle.rlnauoJlf,alo ;eco1 (rrr) :Jolsu€J}

ss€Lu uot roj pasn s€A uollenbe >;ue14-fsu-re5 (rr) 13ur11epoLu srrr-ueu,(p PlnlJ Jol Pa^los aram suol]

-enba ,blnurtuoc pu€ saìols-Jat^€N (r):.re1nrrl.red u1'-raqro qf€o Pa])ouuofrolul Pu€ Poluauleldur

ora^ slapou lerislqd ]uara#lP Jo roqunu e'ltun CIU € ;o uotle;edo olll 1o llrxalduor 1err3o;

-ouauouaLld eqr ro^ol l;;n; or JapJo u; 'pale8rlsolur ut€tuop l€uot]€lndr.uor aq] qll/v\ Sutptrutoc

']1un Sutleada; ssa:o.td pagrfuep! aLll s! (s;euueqr Paal olllr] PUe sau€Jquaul oatr] Sursseduo:ua)

.1ed ;;ar q-7 e13urs y'ssaro.rd CIU arllua aql Jo Sulllapouu ;errsfqd-rr;nru Jo, qceo-rdde la^ou €

sluesa;d ìJoM srr.11,p;e8a; str{} ul 'uo!}€zrLu!}do pu€ u8rsap ssero.ld oq} a^lJP o} JaPJo ul PolloPoLu

l;.redo.rd oq plnorls qllqm'PuaLuouoLld ;errslqd luara#lP lo raqunu e lq pazr'ra])Er€Ll) s! Clll
.>llels aql Sursol: sluauueduof, apoJlfola o/vu aLll ul ]uaJJnf, f lJllala

u€ olur suorlfeal xopal lq pal.ra,ruof, sr luaJJn) f ruor pele-reua8 os alll (11enruarr3'souo alnllP sno

-n3rluor 06l aL.ll spJ€Mo] lauueql ol€Jtueluo) tlf,ea r-uo.r;(s63ysso-rre) suolue pue (sy133 sso;re)

suorlef ;o uodsueJ] alr]lolas € q]t/v\ 3uo1e aue;quau ql€a JaAo o)uaJaJ+lP l€llualod rt;lra;e ue

selereue3 suorlnlos oml or.ll uaomlaq a)ueJo#rp lelluolod l€ltuaqf, aq1'(,(lanrrredse; 'sN]V Pue

s6lf) soueJquoLu elueqrxa uoru€ pu€ uorl€f,,o sorJos poleuJo]l€ or*l3ur1rd ,(q paru;o} aJ€ qf,lLl^

,slauueqf pol€uJollp jo sotJas oAAl u! /v\olj uol]€Jlua)uof ]uaJolJlP ]€ suollnlos oAA] }!un CfU e ul

fjesrra"rd oJoN .luaJJnf, ftJ])ola olur 13;eue luarpe-r8 llturles aLl] slJa^uor ,(1lra"rrp leq] ssero;d

l€f,ruaq)or]lala pas€q-auerqurau € sl CllU 'Sursrruo;d lsoul aLl] Jo ouo Pu€ lsaPlo otll s! (CfU)

srs(1erpo.r1:olo asJa^aJ'ser3o;ouq:o] dgS Sutlstxa eqr Suouy'alJnos l8'raua alq€Maual alq€nle^

pu€ la^ou e sluase;dal (dDS tea,rod luarpe;8 ,{r1ur1es) sluatpe.t3 lllurles uoJ} uol})e;lxa ,(3.rau1

t!' D dlu n@eplu D t r o w' Po t8t oÉ 1to w-1 *
l1ot1'ounap4 B(,t06'g'Pi ezuels elPP e1rir^ - (Vatrun) owrepd lP lPnls 113ap plrs;artu1-;

,futgltO) D)tuD))eW'otrtotutoJul'alDUoltsag 'ottwuq2 ouauBeaul tP oNeuFJD4lQ

ol€,olf .N ,*el€f tN .g ,ruunquel.y,eur11odr3 'y'erlSelleg '9 'orolues 3 'ue;rn9 '1

s!sr(l?! Porpolo osroAoJ,o tu ! | laPour lP)ls,(l'ld'lll n N

88?

lfell 'etuog 'leloH ìred llolrrthl 'S I0Z l..cW SZ-ZZ

It,reu3 pue rolr1 upolC:luouluorlluf eql Jot uoll€ull€soq



Desalination for the Environment: Clean Water and Energy
22-26 May 20 | 5, Marriott Park Hotel, Rome, ltaly

Acknowledgements

This worl< has been performed within the RED-Heat-to-Power project (Conversion of Low
Grade Heat to Power through closed loop Reverse Electro-Dialysis)-Horizon 2020 programme,
G rant Agreem ent n. 640 667 (www red - h eat-to-powe r.eu).

489

Long-run operation of a reverse electrodialysis system
fed with wastewater solutions

J. Luque Di Salvo,A. Cosenza,A. Cipollina,A.Tamburini, G. Micale*

Diportimento di lngegnerio Chimico, Gestionole, lnformotico, Mecconico (DlCGlM), Università di Polermo (UNIPA)

viole delle Scienze Ed.6,90128 Polermo,ltoly
* e-m oil : gio rgiod.m o ri o.micol e@u nip a.it

In the frameworl< of salinity gradient power technologies, reverse electrodialysis (RED) is one
of the most promising. In RED, two solutions of different salt concentration are fed into a series
of alternate compartments, the one fed by the low salinity solution, the other by the high salinity
solution. Compartments are separated by anion and cation exchange membranes alternatively
piled to form a stacl<. Selective ion transport from the concentrate compartment to the dilute
one across the membranes allows to generate an ionic current,which is eventually converted into
electric current by means of suitable electrode compartments closing the stacl<.

Several options for the feed solutions are possible. Natural waters were first considered as a

potential source of salinity gradient, such as: river water and seawater or concentrated brines and

low-salinity waters. Another alternative is the use of artifìcial solutions as feed solutions within
closed-loop systems in which deployed salinity gradient of solutions exiting the RED unit is then
regenerated by means of a regeneration step (e.g.: using low-grade heat, in RED heat engines;or ,

using electricity, in RED batteries).
A nascent, still less explored alternative is the use of different industrial wastewaters as feed

solutions. In fact, in several different scenarios, waste streams to be disposed can actually repre-
sent a very effective source of salinity gradient to be exploited before the natural mixing with the
receiving water body occurs.

In the present worl< a high salinity waste brine from a fish processing factory and a low-salinity
water from a civil wastewater Membrane Bio Reactor (MBR) treatment plant were selected as

feed solutions for an extensive investigation on a laboratory-scale RED unit (10 cell-pairs with
a l0 cm x l0 cm active membrane area). Firstly, the RED unit performance was characterized
with artificial NaCl solutions prepared with the same NaCl concentration as the real streams, in

order to have a comparison-reference for tests with real solutions. Subsequently, long-run tests
with real feed solutions were performed (fìrstly feeding real brine and artifìcial low-salinity feed,

then artificial brine and real low-salinity feed and, fìnally, feeding the stacl< with both real feed),
operating the RED unit in an uninterrupted way for more than 2 weel<s for each case.The time-
evolution of system performance parameters (pressure drops, stacl< resistance, power output, etc.)
was registered and analyzed in order to assess the relevant effect of the real feed solutions, lil<ely

related to fouling/scaling/plugging phenomena in the lab-stacl<"Also counter washing and chemical
washing procedures were periodically (typically, once per week) implemented in order to highlighr
their effectiveness in restoring process performance. On overall, results collected over a periocl
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