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ATERP NAGLN NEDIF NT9LY AL NA PA DS, NANET A8 AFUPY 120 AT
PR 70% AHAN AAT: PHANCRCPT NPIRE OORARCE PAE +79ASH NANT B/
MOA4&4&TT PIME TUNLAN PhARNTLA TLAATT TP@MaRC AT AN+TR95% PPy P24
TMNYF FART ML NHLPF NEDTF NUE DD ATRAGEE AECAA: JOI9°
AT NFLPT N1 PATYF SINTFY ATIANT N28.9°T ALY PAG- PRAA APPHT ADITE
MPHC MPI° AL PPA NTLPTT AGRPH NATILTA ANANYFFO T4 1@ AAAN T
N+HARI® NIMETE® TUNZAN AT P+ALEeT AL & PA 1D NFLPT PIL
JRAT NTIMELPI® PIMGT THUNLAN PhAFLN +B4A ATIELTT NMPA™-9D RF0 7Y
NNHLPT IC +PRH PADTY ALIT &AA NADINM POULLH OOPHRC 97 19 hA+HIEge:
PAE AR NFLPTF NAFERP @AD NN4T NDPIR AL APPA 1D NARPRI® AN
PAUY PALE AALR NHE APPHT dRAA MPIR AL PARPA YL+ NAM MST NAhNN AL
N&+3 8% AR PRCH LHFMPA: PHAPR PAGLN A1+ BUY PARIT &AA NhAT
LML AIBAME At PRLFNF AUTE PAATCAGE TUNLAMI® BUT NARJL+
Ak.h N2017 NHhYL@ 3F@m PYATR PANNN, NN NNAN AR UATR UT4%F "AhNn,
DNPT TMONA PRLT PIATA PAL AAL NHE APPHFMT AT8$PMA"  ANCFEA
(UNEA/EA.3/Res.9):

22U PEhLh aeansp RhNNPNST T9ANA PLLT ANGC PAM: PAE AAL NFE PORIRLF
4Neh kN&CY P PH 1@

PERLN aRaRs P NATERP PARIT $AA APLHT ADJ1L APETY (APE +.1090/2018)
NARARALE At ANNN, DNST THONA PLLT PAL AALE NFE APPH PUS anan/p
NemF ANLAT PR 04N HCHET P4CNA:

PHU aoan/p BHT NHU TCENT PAL AAE NFE APPH AL PHL+R M4 +INCPTS
aoang PPF AR PHavw/t Y | AN LCE PAFD Mg HIPRCPTS aoavs pPFYy
AYHN @ND hTININNTE NAICT PTE PARZE Ry Ty 2919 NAPH PIIHN 26
NHA® aPAA mPIe AL PaRPMA AISNPLPTTI Phct FATCAGE PAISNTY
MUNGT PeARN DN HINATT FNNC P+HIED BLZEMY PMND PAALC LLFT AhNN,
PNST TMONA PLLT PAR AL NFE APPH A1E 10 PRIHU L4EF@7 PN
PANGC 18F aRany PPF (angany p A 25 avyeh e+hHIE NUPIFR AdAT UICTF M,
RIS AN, +2CAA):  FATIF@-9°  NLATS APmew, BUTTHT PMN$S AhNN

* Project report on Technical Standards and Gap Analyses
* www.sustainable-recycling.org
* The International Lead Association (ILA), the Association of European Automotive and Industrial

Battery Manufacturers (Eurobat), the Battery Council International (B : Assggjation of Battery
Recyclers (ABR) Arhehre o e,
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TNST TMONA LRLT PAL AL N aRAA AAN TRANAN 22N PTRPNLATRFT ANEAT
mLEPFY aOAMT 0 PAREADLPPE auan PPF NNOAT NG P74 MUFHID
NP ANF P+ILMN NAPTFED- A1k AHU AR ATMSTE AAFATTO: D487F ANLAT
DALY KD RINEFRT NJTEG NAFESPD TCERNST PAINHNNC 95T APtend+
RITA: PUARI® TEENHT 9ATY AMT ANNNGPTF AGRCTLPTE AdNLN AA+HSBLPT
AN DNET TMONA PLLT Mée AAGLTIT JALTF PIBAD: ANGCT PARLARNT M3 AL
PPA PAL AAE NHEPTF ALPH +oINCP A1RTFIT aOaDL PPFY ARAMF Y-

oN7y
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(DRI ATRNLTF NOPE AR AX) UA +9INLP BUSTA: BHET® RLhP NPy NéAgh
@AD PA LEFFIT PANTELC ACTPEPTY PPH Y@ BU ORARLP NrhgHAD PRIDLFF
PALTT @AM PO N++TT P4AIZh JOHING PARHIA APPH ACTREPTIT YL+F7
A PHT®::
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e PALE AALL NFY &A%
------------------------- > PIAN PAR AALE NHLPTF &A%

----- > AAL AALE N RGP PAarA PG A2PT &AT

ATATE BAR AL NPT PARANANS MNLPT 9933HT dPAA 0-£F ALPT PILDAr
CAFOY P F A aans PPFIR +H I B+HPA::

PAL AN NHCPTY ML AIC @AM PARNINFT OOFCFCT ThddA NPT BUTIFTY
h82 AR PTUMA NAATT JC +PPH NAALF aoao/P RY8A+HIBAF®. dO7YHA
ANEAT 1@ FFI® 1% AhAN, DNPT TONA PLLT PAL ANE N APPH B3N PNFHL
AN&G4ET PIATA NHLPTFY PARANANS MNPPT NPT ATRLIAIA ANPIOmA:
NALITS PNHE FCFLPFT AN&EPT +LPHIFT PATAYT PIAIA NFLPTF PARANANP
PENLH aRany PPF FHM, DN THAINF AANTF D

hAZ  P+7A8a NOA 1 K& PFA PIATA PAL AAE NT¢e TN/FPTY
AT8ANPAEMI® ADTTIHAN AALAT 10 NHPPH PHNLA aOaD/PPTF AR RYL+TABMM:
PIAN NHEPTY TNMF ACRANANS MNPPTT AdRAN 0-£F dPNLP &NChPTFIe
ANEAL NAOUR TNGRF ANTE ALPH O-L%F 4T PFAT NF@T PARSI0 ATPNSA,
A2 BAGR:: ARNAYFF OB 10F PANTF PIATA NFLPFT NARAN 0-2%F AT933H hT9Ms-+IP
AC MEF® PHPAML, PAPAN O-2F Y8 ATREML hTIME$T® IC N+ LPH AN IC
7@ NARUPEGR 24P PUN aRansPm- AT PFA PNHRLST PIATA NHLPTF agnag F
OHING £ AAMMT hA+HIRAN+GD:  gOGTANT: NADAA 0-2%F Ne IC AT TFIE PAAD-
TAP TMhF A®ALY PR NPT 97 RIL PIAIA NPT RANANS +HaoHeIN:
NENLH aeaes em- aeALF N2 AR AtdaDMet GBNL CHF aOIHF AANT:
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11 SN PANE | PAR AALE NFE PARIRLF YLF NADPLP KNNAN N.LYA NO.5 h.og.
L AT he9yF@mg® PNCS aogt MNP N1 9%, (et ARG
ARTENTS NHhAA NF NF ARNTDTY AANF::

$NEh@m ATIHET M6k, PPA MPIS PARLF ODYbmdbm PANT
PAtLI0 B4t AL DEIE ARI1F AR MLI® Ph+a9 AR daomp
PINCS NIF PANT a4F AL dP7INF PANFIC:  &NLND- NALT D
P@YH +4AN @RI® NNCAH T°LC B3 +2AL MLIR PAOMM MY
goYepe RNNMN, ARao/F PANFIR: PENLND ANNNG POY PG D0
Né Nir PUF PABPT MLI® PAINAT HCLPTI: POLTY 99/ PPF!
PEINC +AJL METY APRILP ABYIET NI9PU8ETY PAR/NA aoTy
PANFIR: P4&NLNM NF AL RLET PARLF OOYAL+T MEIE 58
NA P+HEDC ARIPTF P+MN®T NNATY @E ANNNGD haeA$d
P+EMN TPY hANF:

N& PA PANNN, NAAT TPMIY GAN+A PIRIRLF 4NEhDY PSS
PANNMN, BUIFR ATRULI® PN 498 ANNTINIMSP PRCAHA:
4NCND N+OAR PAPC TNLFT @3F ATNA+ PADT hooT+7
EHO T9&0F NI FA AARTY NFPTF aOaDN/F PANTFIR::
PARFA hUPY PAE AAR NHe TMILFPT N+HNAA PATISNTE
NFPF MLI® PALLC BHF POONFNNL NPT P+LRLIAFDG PrAdS
PAISNTE NFPT AL MM ¢ 1D NAATIT PORA+hNhE
MNFREIT PHZI) OBLF MYTRY N+doAN+ NFdF NThNA
PARBAN N TRALT AANF: ALY Nd AR PA B&ID AL PP PAL
AL NHEPFT PARAN 0-2F N AR NTIPA P+ATH4 4NLhPT
PANT NF h8BA NFLPTT AMLICH &NhPT NPLNP
AGRIINF o AUPE 2FAA: ANTLPT 9°CH PAUUY Mé 0 SPFY
PARPPCM NG APNGFTF K8I A18LLCANTFM PADY18, ANLL MéS
gk aOfy AANT: OBYIRF N PRk NNE ONFTY N
haoPHE NA®LE AOYRLAF haemed PARLhARA GOy AANTF@-:
PaRFLE  NATT  PANCT NEPTF DL 4Nh@  Amata-
AT8LaALE PENCNE ANHBRC hANNN® MUNZAN IC DNP
AR PARELT JALITY P@AL AANTF::
2U @oan P hae@mm-+ N4+ PHARAZHET hAL PHMeAtT KT8
MEI® NATL NAL AONLCHETT PARLaR A MUY ANNNMDIT TLMY
AT8UIR AL+EFT hNNAT AGPMNS ANA ACTPE aemAL ANLAT
1D ARLIPE ADIS PARLTFA NP 4Nhd DL AA NF AHPDCS
NAa- Pmn+hne ACTRE AVR.PTT TR ANLAT T
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PIATA AR AAL NFLPFT ARAN 0% A4 APAG PAL AR NFLY
PARPARCH 4NChPF POIILFDT NF RAN 0-2%F NTYUALNF N
OAINMF NARARE ALY NTIPAM LL%F PORNA+ED AT NFL NYGRLF
AR P WEHBETT ARANLAT +IA6 T AT18L8LF OOMNE AANFOm::

N&NLNE BN AFTC PIRINDY AW/ FP PR LUMF NHARAN+E
UATE NCPFS PATRLF Pvd NFPT PAAT ARJ TIAMTIPLPPT
AFLFD 21NA: NAD PMHMSG PAAT ARJIST PEYI+HE heJo
MAMIPLP RALT NUATR PNFL TIOLF P NEAT DAM TOPC
AANF@:: BY7+E ARJ NTYLLIMIENTF MPF MPI0 AL LM HYL
PhEI 1H OamPF NThhA T840 PaR@ew, RANFT NCYY
ATRFECFD £INA: 4NN ARPLTIBYS. PARTRLT Y2 F NEA P+ALSR
PANT TIMLLPTY TRIMIR AANT:  PAAT TOMELPPF NdAA
ATR.ECAT AT8.PH NAR4HF NAL NT75 A.99 & F dobaem KANFD-:

NA&Q 4 AT 5 htdamt PEhih PN CHRT NARICI 4NLhd PANN
TOMNL THAT PANN PADER, h&EAT AT PARFIMNAL NFPF RO
RIC ATLO R1NA:: BUTR PAE NSTT N&NLh® 0L Y8U NFPFS
DE M9® AT8LMM ENANAA:  AATRTS ADYRTF ANAFDY
PPLLNFT TAFDY PAYLFMMNTF PHALE NEAT ALHEFD £INAH
AT AT PADARINE NA hA 2990 WitBF P+NNA AN ANAD-
AISLIMT 16U AN NTPLLNT NEA NMrA dOaNP AFLD £INA:
NteRTICTR PEVI+HE PARY ARD AOFMNP NFPFT MLIS PLYI+E
ALJ @eRANP P7A dRFmNP NFPF Wet®F hNte AAES DL
N&+E PAL NTH IC NTLIAMNTF NFPF AP LNL TOPLC AANFO-::

AR PNTE aogelF  4Nch h&AT °FF ANAAT ATHEBAM
PALIAMT @2 PARPALTE NPAA PIRFMMT AL PAAL ODP43F7
3L7t NAATY NFA MRET PMPATA OAMT AFTEFD £7NA:
DAA P19 N&+T CFT AT ArT IR 11CFY RI8PNTIT e
M®ALT AANF:  PATS AR NAPCNT AFA L99° OAA AALTY
PARRID PP dOALT AANT:  FRITOIR AIRUT POOmA &AR
NEFN9® hé&Nhd AI8LMM &ARY PORLH! &ARY PORPAMNLE
PR PRI® NCYF ANC a7YNF AANF:

PHNNA APC N4NZhD- AYBLOM ATIL L9 FATHT® Y6-U APC hdr6te

NemF AY87N NI LT POR.MMMY APC NTIMLT A8 TR N5 Y

ANNN NFLPDAD ARAN 0-2%F @A NTININF PIOCH YL+ Tohy e
B FAA:
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PNALCA AhAT
h+INC

4NEh® AN N3N.9% 48PN NFTF PORE4 DLID PO A4 APTF
4NLN@ 927 AVRTYNLT PIYLMPTRFM: ALTT I 11CF 9% AL UG
NAATY AGPhANA 927 92 ACTREPTF A12+AS 028 AAMTFE® £7NA:
: PRICATR NI%F A RAOMG MPRPFFM-° A TANFATD £INA:
TICETR DART NIFF PR LPCNNTIE aoY78 ATD KAN aRPY
RINPA:: 9oF PR PhAN AD-@mF9D 94 PLPY P24 NNANTY
NTNYL ANN AT ARTE AT NT® AAN PP 45 PNPYT R4 913 %0
@LT® NATN MNE N PARLELY @-L L% PhtFd: Pt MPEPT
U @RAN 99T AANF@:: PHIRA P PEPTFS PADAAT (1290 M PE
NeN LH ATRLCMELPTF AT AANNND DL AdBod-d NANAMTH
2AMa: NAL ALE NTE MIPLF 4Nh@ ANNN, ATLTSG APTFS
AWL+HEF NPLH@ NRI® ™NM PA PAL AOM7 gOLADL DY L AANT
(3.27 2a0ANnt) == NHTILT® NUNLHANT NARPCN DL ABAN AND
NoF4 aPAN P16 JREC O35 PALC FoCa0L NPLHM- APRL%) RANF::
P@r2 kG PRALC §OG AMAALST PIRLADLM MMt +ATYL1HE DAKYF
PNHT ATRFLE T ALY Fhe NSAD AN+ET @77 ALTAP HE, AOhTm?
AN @M 399 P PNALCA ANAT GBA+INC hTLLHF @D MPam,
IRNF @AM (1) AAAN, +8RFY THBIDM (2) hdd T2ART ABAMT (3)
PANNA®Y TYNLAN MTT LU ATPMNSS FOICFY A&+
RCMAIFT ALF §F D

3.1

M99 PR8N
T6Uq

NPIHM PTRLLT PMT FPL0L: NAL WAL NHd oL F
@ND PIYNG THLPRT® B 299, ATR WotEF NN&EP 19 LY
N&NEh@ @AM PELNTDY NPAENTF @4T NPANG AT M4
PMS  9oLaD4 A RZIAF® £7NA:  PMS  goLARLO-90
N+aRHINt PMS NAGPPF diAFRge N2&R+CF kG /MEge
NICAT aPh4Yye hANH:  AMPAL PMS JoLADLMm HhEege
goCang. IC ANC ANYE 2TFAAI 18 AAGT 97 AR+hge:
AN WitE N EMENT 1H PMS 9°Ca04 NTIhYe Pmyyt
@MY OHIN DA ATL AINN LOABA: U panBan/p
8hA Nhe IC +PEHYT PAF®Y NAFPF hiNC NAFPT
ATEAPT ATL aDYA PIAIAA::

NG 20 17F1F AAFD PMT AAT PANIRT BJ&T gonCE
ANEAL BT ALY L9 ™A ANFRET ahMF £7NA: PMS
NIPFS INAPFFO NFANA TOAPHT N+FA dPm7yge
LT OB PAA AANT::

nes® mNr FA% PAEL aom3 avaofans: (LR N
PaR7% AL ABMY +99y PUPY hhd IC Tt PAD: PAE
tIAGITY AATLPAL UAT NAL AAE N TFRLF 4Nch
O-ND PTG Wt T GRRAT-PRIR JOCAG THNYL AANFD-::

‘)‘.f\“;

9




PRID gELORLM9® MG NATTPPF dPhYeq qao-gPFge
AD3G NHAMFD N+HINLAPTF RNTDT AANTFO: BU hd9P
NAANT it 997 NNAGRP P+2745 4%y PPy +eA$R
panhn aeaecany P AAA ACAT AOMPI® AN Y::

PANNN. DNST TBONA £L227 PAE AL NF¢ APPH  PUX
aan/p AR N+edeMm@m dew/F NP MAT ATH POy INa-
h&+Fo @®my AILOAT AOALZ 2INPA:  NNHA ARIeYF
N+taewWl+m- PERLA aRaRsP aBw/t N30 MENC 149 NEA,
ATC NFF PUPY NEF® @hm PA PAE OPMTY PAD MST
ATOMNP ANEAL OAT ALY N20-30 TENCILI® N&A, AFC
PUY PAE aPm N&I® N A7F +NLYT PAD PRLI da°MT
+NA +HCPRA: PAL +IASITY AGRPIN 248 HAE
PINMIPLP TOMTTFT ATCAPF PN NEATIT PHIAGTT
ayeFY AN PALAIA: NTAMIPLP OMET N+mTae
P+l WLtEF NLAFD MAM PAD PAL OM7Y Ahh$TN
£/ FAU NPT GRAN HE+HE +IATT OBATM- PG NEAT
OHMC AANTFO-::

N& PA PAE O®PMY NLI® @A A% PMSTS PANNN, BUYTT AR
PROAS ACIREPTY F2AT PIRPAL AT AWL+ETS
ARNEPT P+AA PHNS PAFST AGPAMT PLUTIHRS PIRAS
RCIPEPT AL N4 PA 9192799 aghy e PhLAJA: P+APR Phd-
NFPT B+ALL PAEI BLBPTF IC BPPHA: ALY NPAMG
NMEMAI &CACETT NTIRLFT NAOMEMET &LOICTRTIT
Nt NARIMmMye: NAeNeeT NaYNGRT  NOGMEAFT  Nepe)
@@k, PIH HARICT AT NMIT AL PHATG WitET NE+E
PAED +JAS NARLPTF@ MNPIN NPANT M4 A GP/dRq. £INA:
N29® @AM AFC P99 INE PAL TBMT MAF NALI NATE BC
N5A PATHA goCaDs. aBhYe AANTF: NNFE THIRLF 4N2h
EAD PIAG AdeT WotET AT BNNAT PhEI +JA6
+NAD- PR AT NPALANT M¢ aeaoCanf AANF@-:
PARAMTIPLP DALY AAE NHITE PhTHA FoCaRLm hAhT @C
N3A a0/ AANT:  PNLC ¢ PAUA4LT 9PN NS PANA
1RGN, AL P AG W thBF HP+E PALED +IAGR +NAD-
paqae et ALY NLPIN NP12 @4 aeanranc AFCNFM-I PRTTA
FOLAvL@9 N6 MC NBA YL AANF:  PHIAST PMEF
NRATINT AL +9NLR PARLLT GFM: AE NAPMAL ALY
AL PARTE AT AMPAL TUNLAMT AFLD hTFAD PAE
@MY NAL AFLTF® ALINTE: NTMIFDI® PAL hALE NHe
aqge/ F AN, 95T AT ARINGR:

NEg® @-Np PA PAE OPM7Y PFRLARL @Myt NHARA +IPHIN
Ataosan/m ADT ARISNFLD Ah+C LI JCA AT
ARTENTLD PNE ATRLC AAD 2INPA: NFARA +dPHIN

PHeL B Mt tegom ha+C NTMEPNT 10 AAD BI04
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PN AIE PRLE+ Witd AL POINMIPLP Ah+T KAL
N+77 ANANAMF P9I QaD% L7 aDd /) AANF::

NTERTILI® PAL +IARTT ATC NI IND- PAIAMYISE P ANt
NAZ NAPY Wt 29 @AM NA+TTT PAATFMY MY
ATRMNET  PAL  +JAeTTYT ADESIN  +IN@Y  ACISE
ATR. NS AAT® W+BF AYIC BINA:

PAL AL NHL MIOLF 4Nhd NAPT aosP AhNN PA
NUYE 4NN ASLPE 19 PAL NNAT JoCARL A PRCIATFD
£21NA:

FoVIRY ARARF ANFIZ NPT NN +IAIF IC P+H715T P
AN P77 ATLUPYE PMT NEA BUTY AdNZND ATRAC TBAMSP
ATCNT PNA+TE®T ANCST 9IAR aBZEB 9% admN& AANF:
NEg® N1 h& PA PAL ARt aP7TH AW+E aen/C gony Pt
@PY PANTIR: YIC DT AWLHED PHAA  PHIASYH
@NANLY ATPAMTT ATITINCT MPay, aRaDsPT AhKAL hUY
£29 NAMS ATAM* PP+ ALY 1@ Payn@m-: Nege
@NM PAD AR & NAe N+7T LHT PhRs. WetEF HP+E
PAE +IATT MBANT NEA HHOC(M A18AG MEID a-p
AELTFD +ADEFD AJ&TF ATBDM ALLT £7NA: NUATE
AN PARTRT @ FmT P1% PINCDY N NARRLA
4Nchar ARAFD £7NA::

WotEFIT RNIPFT NNNAT PhAhA 2FA HYST hAL
ALET AdTIR ARTE 1Ml 11CF AL Aéd NTALNT 1H UA
API8T8. A~ P74 TPhANP Fm&FY aOMmebge AANT: P9A
@hARe Fh&T hAL NG haALT ha>édi hoymed
02PT: BT ey %8 axhts AhdT haik8 heJ £nANAA:
NALPIT® P14 a®hAhS F+M&F AUATS WitE NNe €mCs
N+EALD Dt N9 AAM: £INA: WAHETIC PPLAFMD- P9IA
M®NANE AP AFFOT PALAFDY 1 NF AANAN 27NA:
¢ P4 APNANRP FHET NPLHD A88.F AM7*r BINA: ANEAL
NUPT9® Ath B1NA: ANATE PAF® P94 dOhANP Fm&T
NN N3A AT AFMN BINA: AGRHYEE  aehAne
PALOCNZM ATPLP PATE PAGHS NE+HT NPT PAD: AR PAPC
PIMFT [ADIE PHIMACAF 1TCT O+ILA 10 ARTE 1H
TP NF POMDAt IPNAT ATL AT 95 (N 95) AT A&
K& T 2 (FFP2) PAT hAPLYI278 A&T N4t LI hNH hs
NGFT mPIR NBA A+h 2INA: NFSPFY NARANC Md AL
At WAHETF P AMFD 3 NAT PAAE 27
MA®IL  POFAT  NCNTIY MGt PARFA aImp
PHIMAPAFD aOPy RANF@:  PNGH GYALPST a9hag 3y
ATPMTYE At144N7T Nefr PTRLLIH GO+HILRY COMSIO KA i
ATR+YLA aoAL PPF M FTTF AW/ FPD 8L NFANA &F
AR OPS)MGP a0 FAF M- Y(Imes
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ANEATL PUT P94 aPhANS FM&TY (uI°C AdeTI9° Ao/ B P
NtALR P4NLND RAEAT NTATTT NARALLPT AL N9IAR
NTLF2NF 1S $AA NA TPANT THASARM AALAT YD

26U NFPF: PIOLF 4NLND PAL NST héNchmd> F
YU NFPFT  hdNchd9° 6o AI8LOM  ATHL LT
AWELAETF PANN B$PLP NEARTIT ALY Ph++ dOFmnpP
N&EATY MIAT AANT (ANNPT 1.37 LavAN+):

PAL N5 WitEd AN Ntmedm ANAT NAES NerC
ANTF ADM £FAA:  N4NLh@ PA PANN 18AHT dohes,
Wit @F N4 NREM4NF 7 mLTR L4 1H 16U PN AN
ANMTFD £1NA: RATB T MeFs Nt PATED NATGPFG
EMPTF AWL+ETF A AMFD LINA:

16U ANATFS PHNhA Phd ANAT dPbAbd  PANTFOGo::
aaein P A84MST NATE Y8h BT PANFD h&AT
N@EUFTFD et ANA NF +ANA AINNFD 21NA AYE
N+NNA PR ANA AINNFD ARINGR: ML o)) h8LA
haeant N+ AF ANN N1E &4NT &FF a°FMA AANTF -

NTRTILT® WatETF ANFTL AALEST PAL T NMI® + A6
APFNFO NFPF U PALI 1H PLTY A AMNP AG/DEIE PIA
a3MMN.P L hANT::

PgoLF  4AIZhd-F NAD9ZELF:  4&NLhd N95Y
NTPMLPI® AN 299 APy AC) PAE8L HES NTETY
NASINME NTQLLH dBAN aBg8% AANT: NNAGEP P7H N&E+E
NET PAD AR PAPC IMF THADIE P+HIMACATF BL$F ACHN
PANGI® 9889 aoddL 4P PhdAlA:  P+BANT @90
N&NZh@ PARmM &AR NI, FNIPNF ABYTL AR FNGD KANF:
We+BTG 988 aoALPPT NM-Y IC PHPAPA NALLN AAES
PNFL 4NAR AR ATL9YPIMTIFD NTIAAN NB8F NEA 1HPTF
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Foreword

Ethiopia is one of the fastest growing economies of Africa and home to 120 million people.
Increasing road traffic, expansion of mobile phone networks, electrification of rural
communities and the demand for reliable backup systems in critical infrastructure lead to a
rapidity increasing deployment of batteries all over the country. While the use of batteries
serves multiple development goals, there is concern that current infrastructure and waste
management systems cannot cope with wastes arising from end-of-life batteries. Concerns
are particularly pronounced for batteries deployed in rural off-grid areas: While batteries are
important components for off-grid solar electrification equipment (e.g. solar home systems,
mini-grids), waste management systems are underdeveloped in such areas and not yet
prepared for increasing volumes of hazardous battery waste. Lead-acid batteries (LABs) are
by far the most prominent battery type used in Ethiopia. At the same time, it is known that
unsound handling and recycling of used lead-acid batteries (ULABs) can have severe
adverse effects on human health and the environment. While pollution cases in various
African countries stress the need to prioritize this waste stream, the subject was also taken
up by the international community that passed a resolution on the 3™ UN Environment
Assembly in 2017 encouraging all states “to continue their efforts for the environmentally
sound management of waste lead-acid batteries” (UNEA/EA.3/Res.9).

This document entails a set of Technical Guidelines for the environmentally sound operation
of a LAB production plant. The Technical Guidelines provide specifications of the technical
requirements set-out in the Directive for Environmentally Sound Management of Lead-acid
Batteries under Ethiopia’s Hazardous Waste Management and Disposal Proclamation
(Proclamation No. 1090/2018), which is currently available in a draft version.

Scope

This set of Technical Guidelines applies to all operators active (or planning to get active) in
LAB production in Ethiopia. The content of this document is technical in nature and
encompasses process and management steps on a facility level. It does not encompass
steps and procedures for company and facility registration, record keeping and participation
in Extended Producer Responsibility (EPR) scheme.

In general LAB producers should position themselves in the lead-acid battery management
chain as illustrated in Figure 1 below.

Figure 1: Overview of the types of operators and material flows involved in the management
of LABs and ULABs
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w ‘ 'il LAB Retailers* |

------»¢ LAB Producers : LAB Distribution
i points T ! LAB Users
: ULABs ULAB Collection

«----- ULAB Recyclers }. e Tanspariers T BEALS

* LAB retailers may have one or more LAB
distribution points. Each LAB distribution

———+ Flows of lead-acid batteries i 3 .
point shall also register and function as

e Flows of used lead-acid batteries ULAB collection point.
ULAB collection points may also be set-up
------ * Flows of raw materials used for LAB production independent from LAB distribution points.

Further Technical Guidelines have been developed for ULAB collection points, ULABs
transporters and ULAB recyclers, and are available in separate documents.

It is noteworthy that import, retail and distribution of LABs are not addressed by Technical
Guidelines as these operations are usually not associated with any elevated safety and
pollution issues. Nevertheless, the draft Directive for Environmentally Sound Management of
Lead-acid Batteries requires each LAB distribution point to also function as a ULAB
collection point. Thus, LAB retailers and distributers must consider the related Technical
Guidelines for ULAB collection.

It is also important to note that Figure 1 above does not entail any separate ULAB storage
operation. While storage of ULABs is common practice at collection points and in ULAB
recycling facilities (which is covered in the associated Technical Guidelines), storage is not a
useful standalone activity in the battery management cycle. Storage should always be
associated with a purpose (either to accumulate ULABs to ship them to recycling, or to
accumulate them for smooth operation of a recycling process) so that the draft Directive
does not foresee any separate licensing and registration for LAB or ULAB storge. In case an
operator plans for larger ULAB storage without directly associated recycling activity, this
should be registered as ULAB collection and comply with the associated requirements set
out in the Directive and specified in the Technical Guidelines.
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#

. Aspect

Specific Technical Guideline

Basic conditions for operation

1.1

Location of

| Plant

LAB production shall only be conducted in dedicated industrial
zones and in a distance of at least 0.5 km to any residential area
and at least 1 km to any agricultural land.

The plant should not be built on unstable ground (e.g. a former
mining site or a site with seismic activities) nor on grounds with
an own risk potential (e.g. a hazardous or municipal waste dump).
The plant should not be located upstream of a river nor close to a
ground water well or source of drinking water. The plant location
and operation must not disturb the surrounding ecosystem i.e.
sensitive plant or animal species including nesting sites or
migratory pathways. The plant location must not be prone to
natural hazards such as flooding, landslides or rock falls, avoiding
the spread of contaminated substances into the surrounding
environment. Elevated contamination levels in the environment of
the production plant will lead to the withdrawal of the HSE as well
as the business licenses. The plant should not be located in a
valley, where emissions accumulate under certain weather
conditions.

Where possible, LAB production plants should be built in a
shielded industrial zone or in an abandoned industrial area where
soil remediation has been completed. It is important to perform
thorough assessments of the ground regarding contamination,
remediation and stability. Current ULAB recycling sites may
indicate suitable locations and may allow the nearby
establishment of a new LAB production plant. The road system
for delivery of raw materials must be good enough to avoid
accidents or damages to trucks that supply the LAB production
plant. The roads must protect loaded, heavy trucks from e.g.
getting stuck in mud or from being affected by landslides. It is the
responsibility of the plant operator to actively engage into
communication with the surrounding population to avoid an
encroachment of settlements and agricultural activities over time.

For existing plants that evince non-compliance with one or more
of the above-mentioned criteria, measures must be taken in order
to protect the surrounding environment as well as people living or
working in it, eliminating the risk of contamination. If adverse
impacts or the risks cannot be eliminated, the plant has to be
relocated and the site remediated.

1.2

Plant Layout
and Design

For LAB production plants that also recycle ULABs, spatial
segregation between the production and recycling processes is
mandatory to effectively avoid that fugitive emissions from lead
smelting cause unnecessary exposure for workers in battery
production.

Concerning the basic safety of workers in the facility: every office
and workstation of the LAB/medugtlon plant must be equipped
with fire alarms. Manua,f-n’a sr’ emergency alafm buttons shall be
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fitted within reach of every workstation of the LAB production
plant. Emergency exits must be labelled and exit signs must light
up in case of an emergency. The facility must be equipped with
the different types of fire extinguishers needed for each phase of
the production process. Fire cylinders must be mounted 75cm
above the ground for quick access and easy handling.

Apart from the technical requirements, outlined in sections 4 and
5, the plant must evince an on-site laundry facility, change rooms
and washing facilities including showers that prevent the spread
of lead dust from the factory to clean areas and to the outside of
the plant. There must be separate rooms for men and women to
change clothes and to shower. If there is a canteen and a kitchen,
these must only be accessible via the clean areas, so workers
cannot enter with contaminated clothes. Additionally, emergency
eye-wash stations and/or showers must be set-up close to those
areas, where employees may get in contact with battery acid
and/or high levels of lead dust.

The entire production plant must evince smooth and slip-proof
floors that are well sealed (impermeable), allowing thorough wet
cleaning and the quick removal of contamination e.g. from acid
spills. The floor must not evince cracks or cavities avoiding
accumulation of dust or other substances. In those parts of the
facility where battery acid is handled, the floors must be acid
resistant, too. No cleaning fluids must leave the plant untreated,
thus a liquid capture, drainage and effluent treatment system
must be installed.

To avoid contaminated air leaving the factory, an airflow can be
installed to generate negative pressure, always directing air into
the facility and filtering the outgoing airstream, collecting dust and
recycling it through the furnace of the LAB production plant.

2.1

Stakeholder

| Interaction
\

Persons living or working in a radius of less than 3 km around the
facility shall be informed on the type of conducted industrial
processes, all involved hazard materials, as well as the measures
taken to avoid pollution. Their concerns must be heard, their
questions must be answered. The communication shall be open
and allow anonymous means of submitting concerns. Suitable
modes of exchange may range from open and interactive
townhall meetings to more personal and anonymous modes e.g.
via an online platform or an ombudsman. All submitted requests
must be answered and copies of the complete requests and
answers provided to auditors and local or national authorities
upon request. For people living or working near the LAB
production plant, regular blood lead testing shall be offered (see
3.2.). Furthermore, there shall be regular monitoring of surface
water quality and soil testing, with results being shared with the
public upon request. The water and soil sampling and testing
shall be conducted by an independent third party using
recognized scientific methods to guarantee credibility and
transparency. The most important element for a successful
stakeholder interaction is (1) to listen to prevailing concerns, (2)
to provide honest responses and (3) to show commitment to
resolving the issues in order to safeguard the health and
wellbeing of the local population.

1O e
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341

Health
Industrial
Hygiene

&

Regular medical examinations: All employees. i.e. temporary,
part-time and full-time permanent staff of the LAB production
plant shall be offered a free-of-charge, on-site medical
examination every six to twelve months. The examination must
be conducted by registered health professionals like medical
doctors and/or nurses. The general medical examination may be
combined with blood testing but cannot replace it. Upon
employment, every new employee ideally undergoes a medical
examination and submits a documented record of health issues.
This initial assessment constitutes a medical baseline, allowing to
differentiate between occupational health issues and issues that
existed prior to the employment.

Medical support, advice and, if necessary, treatment must be
provided in case of medical issues due to occupational activities.
The cause and risk of the medical issue must be identified and,
as far as possible, mitigated.

Blood lead testing: Regular blood lead testing is mandatory for all
employees of the LAB production plant, since blood lead levels
are the most reliable indicator of occupational lead exposure.
Testing must be conducted by professional health staff and
samples must be analysed in accredited laboratories. In case no
such testing capacities are available, professional and reliable
field-testing equipment (e.g. a portable testing kit such as the
LeadCare Il) is available and shall be used.

Maximum benchmark levels for blood lead concentration must be
applied as specified in the Directive for Sound Management of
Lead-acid Batteries in Ethiopia. With reference to the Basel
Technical Guidelines, blood lead levels <30 upg /dL are
considered necessary to protect health and blood lead levels 20-
30 pg /dL are defined as acceptable risk level. Alert levels require
an assessment of working positions and lead exposure pathways
for taking immediate action to reduce lead expose. In addition to
the alert-level measures, affected employee(s) must be placed
into positions with a significantly lower risk of lead exposure until
blood levels have gone down to normal levels.

Elevated lead levels are a warning sign for short-comings in HSE
measures and should be followed-up by an extensive review of
safety and hygiene measures to guarantee a better protection for
workers and visitors. Different working positions in the plant are
associated to different risk levels. Employees working with lead
melting and oxidation, grid production, casting, grid and battery
assembly, soldering curing, refining, off-gas treatment and
maintenance of associated equipment are ranked as high risk, to
be tested at least every three months. If blood lead limits are
exceeded, follow-up testing should be performed after one month.
All other workers in the battery production plant are considered to
be at medium risk and shall be tested every six months. Follow-
up testing after an alert shall be conducted after three months. At
low risk are, typically, workers with office jobs, at the canteen and
at the laundry facility. They shall be tested at least every 12
months, with follow-up testing after six months. The mentioned
levels apply to adults. Women in child-bearing age should not

exceed lead levels above the levels-of-the.general population.

AT AT
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Children must never be present on the grounds of any LAB
production plant.

Blood lead test results must be documented and provided to the
tested person, the doctor (or nurse) and the company
management. The anatomized, full record of test results must be
kept and presented to auditors upon request. If the alert level is
exceeded for at least one person working in the facility semi-
annual reports must be provided [to EPA]. Additionally, all
employees shall be informed that occupational exposure to lead
has exceeded the alert level and be made familiar with
appropriate measures to protect their own health as well as
technical options to reduce lead exposure effectively.

If the LAB production plant is located in proximity to a residential
area, the plant should offer free-of-charge lead testing to local
residents, too.

In case of an identified occupational health issue, the medical
staff need to inform the plant management in a manner that
preserves the dignity and privacy of the employee or patient. High
blood lead levels must never be a reason to dismiss workers, but
as a reason to provide increased protection, counselling,
guidance and possibly re-trainings and health treatments, if
appropriate. Whenever the limit value is exceeded, the affected
person(s) shall be placed in working positions with low exposure
risk or sent on leave with full remuneration. In any case, medical
treatment costs and loss of earnings shall be compensated by the
employer.

In order to protect workers and visitors of the plant, appropriate
personal protective equipment (PPE) must be worn on-site any
time when lead, acids or other hazardous substances are
handled. PPEs offer protection from lead dust, acids, heat, falling
objects, noise and other physical impacts. PPE shall be provided
to workers free of charge and in sufficient quantity and quality.
Workers should have their individual PPEs, only worn by one
person. PPEs must be cleaned and maintained regularly. They
must be replaced if needed. Clothing PPE (working cloths) must
be washed after each shift. Recommended are neoprene
respirators fitted with a purple HEPA-rated filter element. Single-
use dust masks (N95 and FFP2 or better) must be replaced
before each shift or, latest, after 8 hours after initial use. For
employees in the battery breaking area, the mask should
moreover be equipped with carbon filters to remove acid mist. For
baghouse maintenance work, a self-contained airline breathing
apparatus must be used. The most important principle for the
effectiveness of respirators is a good fit on the face.

Clearly visible, simple signs must be placed on the different plant
areas, machines or tools, indicating the required PPEs. Exempted
from PPE-duties are uncontaminated zones of the facility e.g.
administrative offices and the canteen.

Clean areas: the production plant must evince change rooms and
washing facilities including showers that prevent the spread of
lead dust from the factory to clean areas and to the outside of the
plant (see section 1.3). Lead-eust-could be.carried by working

b 2
e —, B\ 4
>

Y b
=




Technical Guidelines for LAB Producers in Ethiopia

clothes, hands and hair. An on-site laundry facility must provide
clean clothes to workers upon the start of each day or shift. Also
soap and towels in sufficient quantities and quality must be
provided to workers. Clean clothes and contaminated working
clothes must never be mixed. The canteen and the kitchen are
clean spaces that can only be entered with clean clothes (e.g. a
canteen overall), never with contaminated working clothes. Arms,
| hands and face must be washed before visiting the canteen.
| Additionally, emergency eye-wash stations and/or showers must
be set-up close to those areas, where employees may get in
j contact with battery acid and/or high levels of lead dust.

Cleaning of the production plant: the plant mut be kept clean
through regular wet cleaning and dust capture, not allowing dust
accumulation. Professional mobile dry and wet industrial vacuum
systems, sweepers and scrubbers with HEPA filters are required.
The cleaning water must be treated in an effluent treatment
system (ETS). Cleaning schedules, personnel and equipment
must anticipate spills of battery electrolyte i.e. dilute sulfuric acid,
ensuring that no worker or visitor comes into contact with it. All
parts of the production plant must be kept tidy. The walkways and
working areas must not be blocked by unnecessary items or
materials, facilitating the plant operation but also allowing
effective cleaning routines. Ideally, the floors are kept damp, so
that dust materials deposes and is not stirred up. Dry cleaning
(e.g. use of brooms) must be avoided as it stirs up dust, causing
unnecessary exposure of workers.

Individual behaviour for safety: each worker or visitor of the LAB
production plant, is compelled to behave in a manner that
protects their health and safety as well as the one of their
colleagues. Basic rules are:;

* Having eaten a meal max. one hour before starting the
working shift, since lead dust is more likely to be absorbed
by an empty stomach.

* Consider that dust inhalation or ingestion through hand-to-
mouth movements (eating, smoking etc.) are a main
pathway for occupational lead exposure

* Wearing the appropriate working clothes

* Wearing the correct PPEs, wearing them correctly and
diligently

» Keeping the workspaces clean, tidy and free of lead dust

* Never cleaning dust with a broom, but with wet cleaning
techniques.

» Complying with the safe working practices e.g. tethering
ladders, working at heights with a harness and only
entering confined spaces with a banksman

¢ Drinking enough to stay hydrated at work

* Not taking drugs, drink or smoke at work, unless
medicaments are prescribed by a medical practitioner

* Showering with soap or shower gel after each shift or at
the end of the working day

, * Ensuring clean skin and nails after each shift to avoid

i carrying lead dust to clean areas or the outside
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in possibly contaminated areas.

* Leaving workwear/footwear at work, never take working
clothes, working shoes or PPEs home

* Attending the regular appointments for medical
examination.

3.2

Workplace
Safety

Every LAB production plant must have a safety policy, stating the
commitment of the employer to create and maintain a safe
working environment. It not only contains a statement of intent,
but assigns responsibilities and provides details as to how the
policy is being implemented. Communication, training and
inspection  activities are fundamental for an effective
implementation of the safety policy. The policy contains (1) a
statement of intent, (2) outlines the responsibilities of the different
employees (registered with names and contact details) and (3) a
detailed explanation of the policy implementation. The latter
includes

* A description of how the policy will be communicated and
displayed in and around the different parts of the LAB
production facility

* Alist of necessary safety equipment for every task

» Adecision on how safety signs shall be displayed

» Definitive plans to conduct risk assessments for every job
and task in the LAB production chain:

* A protocol for maintenance work and lock-off procedures

* Alist of measures for prevention of fire and explosions

Provision and tangible plan for safety induction trainings

for all new employees as well as visitors of the plant

An outline of the procedure for handing complaints

Provisions for fire drills, first aid and firefighting training

A plan for disaster and emergency evacuation procedures

Mandatory protocols to report and investigate accidents:

Specific plans for safety inspections.

A copy or detailed reference to the company's liability

insurance

e & e o o @

The safety policy needs regular updates and needs to be easily
understandable for employees and visitors.

Additional information:

Safety inspections: Inspections shall identify safety hazards and
provide an evaluation of the effectiveness and reliability of the
safety system in the LAB production plant. The inspector must
analyze accident records and near miss incidences to identify
systematic safety gaps. The inspections must be conducted by
trained persons, who are familiar with both, the plant operation as
well as the safety policy. If necessary, external, independent
auditors must be hired. The standard on occupational safety (1ISO
45001) by the International Organization for Standardization may
serve as a guideline for the safety audit. Inspections shall be
conducted on the ground and at least once per year as well as
each time when new processes or machines are introduced.
Inspections should be performed with the cooperation and
permission of the employees and i.a. include a check of the lock-

off procedures and a suwey of«PPES~The results of the
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inspection shall be recorded. At the same time, direct and
immediate feedback shall be given to the workforce if any safety
hazards are identified.

Accident records: Accidents shall be recorded and investigated
as soon as possible after taking place. The records shall serve as
a basis to make necessary adjustments to the facility or
processes in the plant, avoiding future accidents, injuries as well
as financial losses. It is important to define and describe the
incident or accident, to identify the root cause and to take
corrective action. Supervisors and safety personal shall be
trained and prepared for their task of properly recording accidents
/ incidents. A blame-free working atmosphere is important to
encourage detailed and truthful reporting, enabling to analyze
underlying factors and to establish the facts. The conclusions of
the accident report as well as concrete recommendations for
improvement shall be communicated to the line manager who
oversees the affected site. Corrective action shall be
implemented.

Safety induction trainings: An extensive safety induction ensures
that visitors and workers are aware of the layout of the LAB
production plant, the processes that take place, the associated
hazards, specific risks and their responsibility to behave in a safe
manner. On-site safety signs are explained, PPEs explained
and/or handed out, the distinction between clean and
contaminated zones, emergency and evacuation procedures and
guidance on how to report iliness, an injury or a near miss event.
Ask participants of the induction to sign to conforming their
participation and understanding of the safety induction.

Risk assessments: reduce the likelihood of accidents and lead
exposure. They also demonstrate the company's commitment to
keep workers and visitors safe. There are six main steps in in a
Health and Safety Risk Assessment: (1) the identification of
potential hazards per job or task, (2) the identification of who
would be affected by the specific hazards, when and how,(3) an
evaluation of the probability as well as the severity of the risk, (4)
the identification of mitigation measures to decrease or remove
the risk, (5) a training of the affected employees and (6) regular
reviews and adjustments of the risk assessment. Areas of highest
risk in the LAB production plant are smelting of lead as well as
the plant maintenance works.

Permit to work: determines how and when the plant or particular
equipment must be locked-off.

Lock-Off (Tag out): Locking off the plant (or part of it) is a
precondition for safe repair, maintenance and cleaning. A pad
lock with an informative label (e.g. ‘maintenance ongoing, person
in charge: ,contact details’) is applied, ensuring that the power or
motion mechanisms of the targeted equipment cannot be
switched on during maintenance or cleaning. It is the
, maintenance or cleaning personal who remove the locks when
E they have completed their work and the plant can go back to
operation. There must be written statements on when to lock-off
what devices, machines or parts of the plant. People involved in
locking-off procedures must_be—trained. to administer and
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supervise the isolation (from electricity, gas, steam etc.) and the

lock-off procedure. Pressurized vessels electronically charged

equipment and hydraulic as well as pneumatic devices must be
handled with care and be dissipated prior to lock-off. Further
necessary precautions may include the removal of electrical fuses
or the disconnection of hydraulic supplies. Isolated and then re-
connected equipment must be tested before handing it back to
operation. The lock-off equipment (locks, keys and hasp) must be
kept safe in a designated closet, including a register where the
take and return of equipment is recorded with dates and
signatures.

Fire precautions: LAB production holds various risks for fire e.g.
from melting or smelting lead or from the use of fuel and
chemicals. Fire prevention measures must be in place to mitigate
the risk including (1) the identification of fire hazards, their
potential impact and likelihood (2) communicating key information
for emergency response to the local municipal fire brigade
including the evacuation plan for good coordination during an
emergency. Gas cylinders with flammable content have to be
stored upright and chained to a rack in a locked cage. When
being used they must be safely placed on a wheeled trolley. To
prevent dust ingress and short circuits, boxes containing the
electrical distribution have to be closed and locked. Furnace
burners have to be equipped with flame failure cut off devices and
alarms. Every worker of the LAB production plant must take part
in a fire prevention training. Smoking is strictly prohibited on-site.
Every six month, all firefighting equipment must be checked by a
fire prevention professional. There shall be updated roll call list for
employees.

Emergency evacuation plans: emergency plans for evacuation,
first aid and disaster response must be in place to save time and
save lives in case of fire or toxic spills. The evacuation plan and
contact details of staff in charge of emergency response must be
displayed throughout the facilities. Assembly points shall be
locations with minimal risk, outside the operating areas of the
plant. Every worker must take part in a first aid and firefighting
training. The LAB production plant must hold evacuation drills
every three months to sensitize and prepare workers for serious
incidences. It must be clear to every worker and visitor, what are
the actions in case of an emergency: who calls the fire brigade,
where are the key escape routes, what are the safe assembly
spaces and what is the right equipment for what situation. A close
contact shall be kept with the local fire fighters, who should be
invited on-site to get familiar with paths, equipment, valves and
switches.

Behaviour in case of fire: Where molten metal is present, water
should never be used to extinguish a fire since the contact of
water with the metal will trigger an explosion. The choice of the
right fire extinguisher is key for successful fire control. Solids such
as paper, wood, plastic and soft furnishings may extinguished
with a class A extinguisher. Gasoline and oil i.e. flammable liquids
need a class B extinguisher. Since Lithium ion batteries contain a
flammable electrolyte and are a Class B fire. Flammable gases

like acetylene, methane or prepdiie.are flammable gases and
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require a Class C extinguisher. Flammable metals like Aluminium,
| Magnesium, Sodium or Lithium ned a Class F type of
| extinguisher.

The LAB production process

4.1 ‘ Handling and | All production processes involving heating and melting of lead, as
Control of | well as processes that intentionally or unintentionally generate
Hazardous lead- or lead-oxide particles (e.g. production of lead-oxide,

trimming of lead components) shall be conducted in a manner
Substances that effectively avoids exposure of workers to lead, as well as
emissions of fume and practices to the workplace and the
environment. This can be achieved by measures such as fully
enclosed processes, use of effective extraction ventilation (linked
to a filter plant / baghouse), working over water ponds to capture
dust particles. All captured lead particles and residues must be
collected and be channelled to a lead recovery process such as
the smelting process of a ULAB recycling plant (also see 5.1).

Processes involving the production, mixing and handling of acidic
substances (e.g. battery electrolyte) must be conducted in a way
no persons gets in direct contact with the acid. Acid must also be
kept away from alcohols, alkalis, strong bases, other acids,
metals, organic or combustible materials, oxidizing or reducing
agents.

For workers that may unintentionally get in contact with battery
acid must wear a long-sleeve cotton drill, nitrile and neoprene
acid resistant gloves, a plastic apron, eye protection and
waterproof boots. Areas where battery acid spills may occur must
be equipped with eyewash basins or stations. Any residual acid
(e.g. from spills) must be neutralised (also see 5.1).

Any other hazardous substance that may be used in battery
production shall be handled with care, according to best-available
practices and without generating any emission to the workplace
and the environment.

Optional process: refining and alloying lead

51 | Refining and | If the LAB production plant has an own lead-refinery, the following
Alloying considerations have to be observed:

The refining kettle may be charged in two ways: (1) molten metal
is directly tapped from a furnace and pumped over to the refining
kettle (at approximately 450°Celsius). (2) the molten metal can be
tapped from a furnace and cast into blocks of 1-2 tonnes, which
cool down, solidify and may then be charged to the refining kettle.

Basic design of the refinery for a safe and efficient operation:

e For easy maintenance of the burners, kettles must be
above the floor

e The refining floor-working area needs to be an elevated
mezzanine floor with one-meter-high handrails and
without tripping hazards. i

« The elevated mezzanine floor needs. to be accessible via

two entry/exit points to facilitaf evacuation. -
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* The kettle openings must be at least one meter above the
floor to reduce the risk of workers falling into the kettle.

» Kettles in operation must permanently be covered except
when charging lead blocks, agents or alloying metals.

* Mixers and pumps are fitted and fixed through the cover of
the kettle and are not removed.

¢ Smaller access doors are installed on the kettle cover
enabling workers to take samples or to safely add
reagents.

* All kettles as well as the combustion chamber must be
connected to a baghouse via extraction ventilation.

e Tapping and casting should be done from the bottom of
the kettle, never at the level of the elevated refining floor.

Refining requires strict health and safety measures including off-
gas capture and treatment since it requires heat and a molten
lead bath.

Steel kettles of 10-200 mega tonnes capacity are used for the
refining process, since metallic lead does not mix with steel or
iron. The size depends on the input needs or capacities of the
LAB production plant.

During the refining process, impurities of the lead bullion form
drosses on the surface of the bath of molten lead. Typically, the
drosses are difficult to remove manually since they are dry, dusty
and heavy. An automated de-drossing through a removal
machine is the quickest and best method. If drosses are manually
removed, a spoon with a long arm should be inserted through an
inspection hatch, using a pivoting method (resting the spoon on a
supporting stand) to reduce the weight for the worker. Workers
must wear PPEs such as respirators, a hard hat, a face mask,
gloves, an overall and safety boots.

Drosses skimmed during the refining process may be recycled
through the furnace in order to recover impurities and remaining
lead. An extraction ventilation system must be connected to all
dross bins in order to prevent the release of lead-contaminated
compounds.

For lead alloying, the respective metals (Ca, Sb, Ag, As) may be
added to the bath of molten metal through an inspection hatch.

Management of By-Products

6.1

Management
of By-products

All fume and dust particles (off gases) generated during melting
or refining processes in the LAB production plant must be
captured and passed through a filter plant, which (because of one
of its central elements) is commonly referred to as ‘baghouse’. A
filter plant shall consist of a cooling duct (with dropout chambers),
a filter and a stack. Filter media may be made of ceramic, fabric
bags (— baghouse) or Wet or Dry Electrostatic Precipitators
(WESP/ESP). In case of a WESP filter, off gases do not have to
be cooled, while for ceramic or fabric filters the off gas is
channelled through a cooling duct, where fume particles can cool
and coagulate into dust particles that can.be.captured by the filter
media in the baghouse. The tempgretlire*of the off-gases must be

“of the:réceiving.dust bags which
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may be made of polyester (150° Celsius melting temperature) or
polytetrafluoroethylene (PTFE, melting at 260° Celsius). The
temperature in the baghouse must be maintained above the
water vapour dew point (i.e. > 50°Celsius) to ensure that
condensation does not block or ‘blind’ the filter medium. The filter
plant must be thoroughly and regularly maintained to reliably and
continuously fulfil its function. All dust particles are then collected
in connected and enclosed steel drums, bins, polypropylene bags
or discharged into an enclosed conveyor system. The collected
and enclosed dust must be given to a controlled lead recovery
process (e.g. the furnace of a ULAB recycling plant) in order to
recover the remaining lead particles. Operators must never come
into direct contact with the dust. Workers around the baghouse
must wear overalls, boots, gloves a hat, N95/FFP2- masks or
neoprene cartridge masks with the same standard or better and
safety glasses. If a dust spillage is removed, workers should wear
full-face respirators.

If the WESP system is used for dust collection and handling, the
above-mentioned protocols on collection bins and bags do not
apply, since dust is being removed from the collecting electrode
by flushing the electrode with water.

There needs to be strict and continuous monitoring and
maintenance of the filter plant including

1) Stack emission observation (no visible plumes of dust).
The stack emissions of lead shall comply with the alert
level and limit value given in Annex VI of the Directive.
The method of measurement must be in accordance with
Annex VI, too. The stack emissions of sulphur dioxide
(SO2) shall comply with the alert level and limit value
given in Annex VII of the Directive. The method of
measurement shall be in accordance with Annex VI, too.
The documentation of stack emissions of lead shall be
made available during audits and up-on request.
Whenever the alert level for stack emissions of lead or
sulfur is exceeded, a report has to be sent [to EPA],
including a documentation of the stack emissions of lead
over the last three months and a description of measures
taken to reduce lead or sulfur emissions respectively. For
as long as the alert level is exceeded, monthly reports
have to be sent to [EPA].

2) Daily monitoring the amount of collected dust
(deviating/low volumes indicate mal-functioning off-gas
system)

3) Verifying a sufficiently high exhaust ventilation face
velocity at furnace and refining kettle (reading must be
positive and ventilation must be measurable). Auditors
must carry anemometers to measure the velocity.

4) Observation of compressed air usage (Pulse pressure
should range between 90-100 psi. Lower use rates (<30
psi) do not clean the filter. Higher use-rates could indicate
that the cleaning mechapistfi<is “faulty’ -and -the filter
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medium needs to be replaced)

5) A check of the electricity consumption of the induction
draft (ID)-fan (It is advisable to keep records of the daily
fan amp-draw. increased consumption could indicate that
the filter medium is blinded, requiring cleaning and
replacement; or. that bags are coated with damp dust
because the charge material was to wet)

Residues (Drosses) from the refining process are hazardous
waste. The drosses must be monitored and handed over to
further recovery processes or a licensed hazardous waste facility.
If drosses shall be stored, they must be stored on impermeable
concrete, covered and in a well-ventilated shed or zone, sheltered
from rainfall, wind or flooding. Untreated drosses must never be
disposed of into the environment.

Battery electrolyte (battery acid): Leakage must be avoided. Any
leaked or remaining electrolyte must not be discharged even
when it is neutralized, since the neutralized effluent is a salt
solution that may harm aquatic ecosystems. LAB electrolyte is a
dilute sulfuric acid (pH<2), which is extremely corrosive. It must
be kept away from alcohols, alkalis, strong bases, other acids,
metals, organic or combustible materials, oxidizing or reducing
agents.

Direct contact of workers with battery acid shall be avoided. For
workers that may unintentionally get in contact with battery acid
must wear a long-sleeve cotton drill, nitrile and neoprene acid
resistant gloves, a plastic apron, eye protection and waterproof
boots. Areas where battery acid spills may occur must be
equipped with eyewash basins or stations. Any residual acid (e.g.
from spills) must be neutralised.

Process water and water used for cleaning and dust control incl.
from the laundry facility and battery electrolyte must be captured
and treated in an effluent treatment plant (ETP) that removes
(lead) particles and chemical contamination.

Rainwater. Raindrops hitting the LAB production site may collect
lead dust. Thus, rainwater must not be allowed to run-off, but
must be tested for lead, furnace residue- and electrolyte
contamination. There must be basins to collect the rainwater and
runoff, where particles may settle to the bottom and may be
recovered (if lead containing recycled through the furnace). The
rainwater may then be tested concerning its acidity (a pH of 7-9 is
acceptable and the water may be released if not containing other
toxins).

Grey and wastewater from the sanitary facility shall be managed
by the nearest wastewater treatment plant, if available, and by an
own treatment plant if no municipal service or possibility for
connection exists.

All waste generated by the LAB production plant must be treated
and managed in a way that no hazardous material enters the
surroundings or the municipal waste management system.

Beyond dust, slags and effluent, the LAB-praduction plant will

generate packaging material ste”"Used “PPEs and used
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packaging.

baghouse filters — all, most likely, with some degree of lead
contamination. The lead-containing waste should be charged to
the furnace at the LAB production plant or be handed over to
other specialized facilities for further treatment and disposal. Non-
lead containing materials should be sorted and handed over to
qualified respective recyclers e.g. for wood, cardboard, plastic-
films or strips), unless the wood pallets and cardboard can be
directly re-used by the LAB production plant for battery
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