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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 environmentally sound operation of
ULAB recycling plants. 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
ULAB recycling in Ethiopia. The content of this document is technical in nature and
€ncompasses 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 ULAB recyclers 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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independent from LAB distribution points.
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s Flows of used lead-acid batteries

------ + Flows of raw materials used for LAB production

Further Technical Guidelines have been developed for LAB producers, ULAB collection
points and ULABs transporters 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 1o 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 1o 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 storage. 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

ULAB recycling plants have to keep a distance to settlements
(housing areas), hospitals, schools, farmland. business areas,
food processing plants and other enlivened areas.

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 recycling facility 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, ULAB recycling 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 LAB production sites may
indicate suitable locations and may allow the nearby
establishment of a new ULAB recycling plant. The road system
for delivery of ULABS must be good enough to avoid accidents or
damages to trucks that supply the ULAB recycling 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 in order to avoid an encroachment of
settiements and agricultural activities over time.

For existing plants that evince non-compliance with one or more
of the above-mentioned criteria, measures have to 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.

12 | Plant Layout
and Design

It is important that the ULAB recycling plant is an integrated
facility i.e. that it conducts all steps from battery breaking to lead
smelting, the recycling of plastic cases, the management of lead
acid and off-gas, lead dust, slag, drosses and residues. That is
because the handling and transporiati A-ofintermediary products
or by-products will always ¢ _,4e§r§éﬁe,_,do?]§ﬁtming a serious

| hazard to human healt ent, No battery
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breaking or acid draining should take place outside the integrated
facility. An efficient furnace (rotary or other modern smelting
furnace) is important for effective and safe lead-recycling and
management of by-products.

Concerning the basic safety of workers in the facility: every office
and workstation of the ULAB recycling plant must be equipped
with fire alarms. Manual fire or emergency alarm buttons shall be
fitted within reach of every workstation of the ULAB recycling
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 recycling process. Fire cylinders must be mounted 75cm
above the ground for quick access and easy handling.

Apart from the technical requirements, outlined in section 4, the
plant must evince an on-site laundry facility, change rooms and
washing facilities incl. 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 fto
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 recycling 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 batteries are broken, 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 recycling plant.

2.1

Stakeholder
Interaction

People affected by the plant operation must be informed about
the recycling process, associated HSE risks and mitigation
measures. 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. For people living or working
near the ULAB recycling 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 mowlfé!ém_em for a successful
stakeholder interaction | 40 lisien 1o _p’r"e‘\:f'al‘||i'r15,;L concerns, (2)

ke, e
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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.

3.2

| Health
Industrial
Hygiene

&

Regular medical examinations: All employees. i.e. temporary,
part-time and full-time permanent staff of the ULAB recycling
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 ULAB recycling 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. 2 portable testing kit such as the
LeadCare 1) 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. 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 in battery
breaking, lead smelting, melting, refining, off-gas treatment and
maintenance of associated equipment are ranked as high risk, to
be tested at least every 3 months. If blood lead limits are
exceeded, follow-up testing should be performed after 1 month.
All other workers in the battery recycling plant are considered to
be at medium risk and shall be tested every 6 months. Follow-up
testing after an alert shall be conducted after 3 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 6 months. The mentioned levels apply

to adults. Women in child-bearing age_should not exceed lead

levels above the levels of the getiarat~population, Children must
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never be present on the grounds of any ULAB recycling 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 recycling plant is located in proximity to a residential area,
the plant should offer lead testing to local residents, too.

In case of an identified occupationa! health issue, the medical
staff need to inform the plant management in @ 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 particular protection, counselling, guidance
and possibly re-trainings and health treatments if appropriate.

In order to protect workers and visitors of the plant, appropriate
personal protective equipment (PPE) must be worn on-site any
time when ULABs are handled. PPE 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 (NS5 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 recycling plant must evince change rcoms and
washing facilities incl. showers that prevent the spread of lead
dust from the factary to clean areas and to the outside of the plant
(see section 1.3). Lead dust could be carried by working 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
contact with battery acid and/or high levels of lead dust.

Cleaning of the recycling plant. the . { be kept clean
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[| 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, personne! and equipment
! must anticipate spills of battery electrolyte i.e. dilute sulfuric acid.
| ensuring that no worker or visitor comes into contact with it. Al
| parts of the recycling 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 ULAB
, recycling plant, is compelled to behave in a manner that protects
i 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
warking 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

e 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
carrying lead dust to clean areas or the outside

; * Never leaving the facility with clothes worn while working

i 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.
3.3 | Workplace Every ULAB recycling plant must have a safety policy, stating the
| Safety 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 poligy. -he-policy contains (1) a
statement of intent, (2) outlinﬂﬁéﬁ&h@ﬁﬂhiaﬁoﬁ the different
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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 recycling
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 ULAB recycling 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

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 ULAB recycling 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 (ISO
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 survey of PPEs. The results of the
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 workifig satmosphere is important to
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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 recycling
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 illness, 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 ULAB recycling plant are the reception and breaking of
the ULABs, the smelting and refining of lead as well as the plant
maintenance works.

Segregation of battery chemistries: Mixing battery chemistries
can have serious and dangerous consequences. Particularly
lithium-ion (Li-ion) batteries are highly reactive and may explode
violently, while nickel-cadmium (NiCd) batteries cause quality
control issues during the smelting and refining process. Although
the batteries are pre-sorted at the collection points, a second
check for misallocated battery types should be conducted at the
ULAB recycling facility.

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
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 ftrained to administer and
supervise the isolation (from electricity, gas, steam etc.) and the
lock-off procedure. Pressurized vessels electronically charged

equipment and hydraulic as well-as preumatic devices must be

7
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| 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-
f 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: ULAB recycling holds various risks for fire e.g.
' from over-heating and short-circuits in the ULABs. from the use of
| fuel and chemicals or from falsely collected lithium-ion-batteries.
[ 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
1 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
i to be equipped with flame failure cut off devices and alarms.
' Every worker of the ULAB recycling plant must take part in a fire
| prevention training. Smoking is strictly prohibited on-site. Every
i 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 ULAB recycling 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 propane are flammable gases and
require a Class C extinguisher. Flammable metals like Aluminium,
i Magnesium, Sodium or Lithium ned -a=CEsS~F-type of

.
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extinguisher.

The ULAB recycling process

41

Battery
| Breaking

i
]
]
|

The ULAB battery consists of several components: a plastic case,
plate separators, metallic lead grids. lead paste and the acid
electrolyte. For safe and efficient recycling, the components must

| be separated by a semi- or fully automated breaker and the

electrolyte as well as all lead particles must be captured.
Technologies for safe battery breaking:

(1) Using a battery saw with acid-proof curtains at the
entrance and exit points to keep all acid mist or droplets inside.
Batteries must be perforated and drained over night before the
saw removes the case top incl. poles and terminals. Acid mist
generated during cutting must be cleared away by ventilation.
Turning the cut battery case upside down allows removal of
plates.

(2) Using a hammer mill breaker with a water-based
separation process. ULABs must be toppled over on the side to
avoid rolling down the conveyor belt. Rubber ridges should be
mounted to the conveyor to minimize the risk of batteries to slip
down the conveyor. The batteries are broken and crushed by
oscillating hammers turning at a high speed. The hammers can
generate high noise, thus it should be sound proofed to lower
noise levels (<80 decibels).

Manual breaking with the help of hammers, knifes, axes or the
like is unsafe. Battery breaking must not be undertaken at
collection points or during battery transport.

Employees working on battery breaking must wear a rubber or
plastic apron nitrile gloves, a dust respirator with an acid mist
absorbing cartridge, a face visor or safety goggles, acid resistant
boots a long sleeve overall, a hard hat and ear defenders.

4.2

Lead
Extraction

| (2) During: A measured amount of inex

Desulfurization: To avoid sulfur dioxide emissions during the
reduction phase of smelting, sulfur must be removed from the
paste prior, during and/or after smelting.

(1) Prior: This approach can only be applied at plants that use
a hammer mill for battery breaking (see 4.1). The lead paste
retrieved from the hammer mill is mixed with calcium carbonate
OR sodium carbonate to produce calcium sulphate (gypsum) or
sodium sulphate respectively. Gypsum may be i.a. used as a
coolant during ingot casting, in the manufacture of plaster or as
hardener in cement production. Sodium sulphate can be utilized
in the processes of glass making or high-quality paper production.
Sulfur removal prior to smelting reduces the potential corrosion in
the plant ventilation system and bag filters, it reduces slag and
furnace residue production and allows the generation of inert non-
hazardous waste or even a saleable product.

rap iron and

steel is used and highly efficient (>95%
* S = FeS). Ferrous sulphide j
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amount of slag. The capture may be enhanced by an addition of
sodium carbonate. Iron or steel drums may be utilized to collect
baghouse dust. The dust-filled and sealed drums may be charged
[toa rotary furnace to recycle the hazardous waste-by-product.

(3) After: A scrubbing tower may be installed subsequent to
the baghouse (filter plant) and before the off-gas stack in order to
remove final fraces of SO, (up to 99% removal). It is a tall steel
vessel where an alkaline solution (sodium carbonate or calcium
- carbonate) is being sprayed from the top of the chamber so the
‘ off-gas forms CO,. While the calcium and sodium sulfates are

suspended in a solution the salts can be isolated, recovered and
|] sold as a by-product.

; The scrubbing tower does not serve as a primary removal
. technique, but as a back-up, in case system 1 or 2 fails. The
desulfurization process should be composed of steps 1+3, 2+3 or
all three steps in order to be effective.

Regardless of the type of desulfurization process, operators must
wear PPEs including acid-resistant boots with toe protection,
overalls with long sleeves, respirators with dust protection, a face
visor or goggles as well as a hard-head. For process (1) and
process (3) workers must wear nitrile gloves. For process (2)
workers must wear furnace gloves,

| ULAB melting and smelting, with the aim to recover metallic lead
| from lead-bearing components, requires an environmentally
sound furnace technology in order to reduce the lead-exposure
! risk for workers and the population living in the surroundings of
! the ULAB factory. Without an appropriate control system, the
pyrometallurgical recycling process may generate and emit

substantial amounts of lead-contaminated fume. dust and sulfur-
} dioxide emissions. The toxic and valuable by-products may be
' recycled and recovered if an appropriate furnace technology is
[ used. The furnace technology shall be selected based on

. The environmental performance
. . The range of metals and feedstock that shall be
! processed
i . The required throughput
" N The fuel to be used.

The most common furnace type is the rotary furnace, which may
melt grid metallics and smelt battery paste as well as by -products
including refining drosses and baghouse dust at temperatures
between 500°-1100°Celsius. A long rotary furnace can process
30,000-40,000 mega tonnes of ULAB material per year. The
rotary furnace can recycle all by-products and allows an easier
control of smelting conditions and emissions as compared to the
blast furnace, which was the dominant furnace type in the past.

A rotary furnace s equipped with an outer steel-shell and has a

magnesia-chrome refractory lining in the inside. T e.drum can be
rotated on a fixed or tilted axis _i_lj__either,dﬁ&;%?*m case of. a
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fixed axis, the burner shall ideally be located at the rear. In case
of a tilted axis, the burner shall ideally be in the front. The feed
material shall be charged from the front end of the drum.
preferably in an automated or remotely controlled way. The lead
bullion and slag is tapped from the tapping port or, in case of a
tilted-axis-furnace, the furnace may be carefully tipped forwards

to let material flow out of the door.

Other furnace types (e.g. Isasmelt/Ausmelt furnace, bottom blown
furnace) may also be applied in case they follow modern designs,
including emission control

Blast and reverberatory furnaces are being phased out and
should not be used any more

All furnaces need to be encapsulated and ventilated or equipped
with extraction hoods over all openings, so that contaminated air
is led to a filter plant or baghouse. The ventilation needs to be
switched on during the entire charging and operation process to
capture dust and fumes.

Preparation of the furnace charge

Sorting and preparing the charge materials for the furnace
minimizes cycle times and maximizes production time. Charge
material may be composed of soft lead scrap, grid metallics, lead-
oxide-paste, battery plates, a reducing agent, flux agents such as
sodium carbonate and iron to remove sulfur. Appropriate charge
preparation minimizes the risk of lead exposure. Any worker in
the charge preparation zone must wear neoprene respirators with
minimum P2-, but best P3-dust cartridges. They must wear
goggles or a face visor and a hard hat. They must wear footwear
with toe protection, long-sleeved cotton-drill overalls and riggers
gloves. The leggings of the drills must be worn over the boots to
avoid lead particles entering and contaminating the inside of the
boots.

Charge preparation should follow at least the listed principles:

» Different charge materials, like lead or iron scrap, must be
stored separately

* The charge storage and preparation should happen in an
enclosed building, which is set under negative pressure so
that the lead particle flow is diverted to a baghouse.

* By-products of the ULAB recycling process must be
stored in sealed containers or charge bins, which are not
filled further than to their maximum charge line.

 If desulfurization is applied during smelting, i.e. method
(2), a precisely measured amount of iron must be added
to the charge,

» |If the charges are prepared manually, workers must be
equipped with dust-protective PPEs. |deally, charge
handling should be automated (e.g. by using a truck) and
steered from a closed cabin with supply of HEPA-filtered
air. The front glass needs to be shatterproof and heat
resistant.

For charge material from a battery saw:

* Do not remove the paste from {}
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. * Do not remove the plate separators

¢ When terminal posts are removed from the battery cover,
these can be directly charged to the refining kettle.

* For charge material from a hammer mill breaker:

e Clean the metallic grids from battery paste. The metallic
grids can be charged to a melting furnace or to a single
furnace operating a batch process, smelting the paste and
melting the grids. The separate smelting of the battery
paste produces an almost pure lead bullion that hardly
needs any further refining,

* Dewater and desulfurize the battery paste. Compression
or filtration can remove the water, desulfurization will be
done by desulfurization-method (1), see description
above.

* No by-products (e.g. drosses or baghouse dust) must be
added to this way of battery paste smelting.

¢ Plate separators made of glass-fibre of polyethylene may
be added to the battery paste charge since they will not
contaminate the bullion.

Furnace charging should be (semi-)automated, never done by
hand or with shovels due to a high exposure and explosion risk.
Charge materials must have a maximum moisture content of 5%
to minimize the explosion risk. The furnace must never be over-
charged. During charging, the temperature in the furnace should
be at a minimum of 450° Celsius in order to prevent the formation
of toxins like furans or dioxins. Grid metallics must not be charged
to a refining kettle for melting since it would lead to a premature
metal failure of the kettle, generating fume and lead dust that is
hard to contain and capture. Instead. such a melting process
should be conducted in a conventional furnace like a rotary
furnace at lower temperatures or in a specialized melting furnace
with built-in extraction ventilation.

Dust emissions during charging and operation need to be fully
controlled. Safety precautions must be in place to handle the high
temperatures during charge and operation. Charge materials that
fall on the floor must frequently be removed through
housekeeping routines.

Furnaces like the Ausmelt furnace need an automated and
remotely controlled feed system that ensured continuous feeding.

Other furnaces, like the rotary furnace, operate batch processes
that require cyclic recharging. Batch charging should be remote
controlled and completed in short time to minimize emissions and
energy consumption. Quick re-charging reduces cycle times. For
operations above 12.000 mega tonnes per year an automated
charging system is cost effective. In small operations semi-
automated charging (e.g. with modified fork trucks) is common
and acceptable as long as operating personnel is effectively
protected from fugitive emissions.

4.3 Lead Smelting

Ji and Tapping
|

Smelting must only take place under sufficient contral, safety and
hygiene measures. Workers must be protected from lead fume
and dust emissions. The combination of high temperatures, fuel

and sometimes oxygen enrichment requir cular: piscaution.
o= " o LY
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Basic safety rules to be observed are:

Before each operation, ensure that the burner-fail-safe
devices are in operation, so that no unbumnt fuel is
charged to a hot furnace and that no oxygen is pumped
into the hot furnace if the burner fails

If a spill happens during smelting, sand must be used to
contain the spillage and dry powder to extinguish burning
material and equipment. Water must never be sprayed
onto a spill.

Ensure the perfect function of the air dampers on the
ventilation system, so that fume and dust are captured.
During the smelting operation, no work or inspections
must take place on the roof or the top of the baghouse,
due to the risk of leakage of sulfur dioxide and carbon
monoxide gases.

For all reverberatory furnaces it is important to carefully
regulate the extraction rate of the ventilation system, so
that off-gas is captured while minimizing heat loss.
Temperature supervision is important, ensuring that
smelting takes place within the minimum and maximum
temperature range. Lower temperatures lead to high lead
contents in the slag, while higher temperatures lead to
excessive lead-bearing dust in the baghouse

Smelting temperatures shall be reduced to the eutectic
point e.g. to the soda-iron phase system, wherever
possible (e.g. in a rotary furnace). The addition of sodium
carbonate and iron removes about 95% of the sulfur,
reduces the wear and tear of the refractories, lowering fuel
the temperature in the furnace and reducing fuel costs.
Conduct visual checks during smelting, ensuring that:

o No other persons than those trained and
designated to work with the furnace shall be
present in the furnace area.

o The outer casing of the furnace does not evince
hot spots that could indicate a failure of the
refractory lining.

o There are no fugitive emissions from the
ventilation system or the furnace, nor any dust
emissions from the baghouse.

o The baghouse dust system still has capacity and
full collection bins are being replaced

o The differential pressure at across the inlet and
outlet ducts of the baghouse are recorded and that
a cleaning cycle is initiated if the differential
pressure exceeds the design specifications.

o There is no spillage or debris on the emergency
exits and walkways.

o All tools and PPEs are in place and ready to use
for tapping the metal and slag from the furnace
after completion of smelting

o The containers (incl. launders), that are used to
receive the hot metal or slag, should be pre-heated
in order not to crack or split when receiving their
hot contents,

13
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Tapping must be done with precaution, to protect the workforce
and to avoid or capture emissions. Smelting operations for lead-
containing materials (e.g. battery paste, mixed battery scrap or
baghouse dust) are operated at high temperatures to achieve a
reduction to elementary lead. Due to operation at higher
temperature, smelting operations require greater caution than
melting operations (e.g. for elementary lead scrap like sheeting,
pipes, underwater cables, cleaned grid metals from ULABSs)
Concerning the tapping method, manual tapping might be the
norm but an automated or remotely controlled tapping is
preferable. Manual drills shall be supported by a counterbalance
and a steel arm that is attached to the furnace. For both, melting
and smelting processes, great care shall be taken in closing and
opening the tapping pot. A special type of clay should be used to
seal the tapping port, at the same time, easy and quick opening
of the tapping port must be possible. Tilted rotary furnaces do not
need to be tapped but the lead bullion may be poured out through
the door by tilting the furnace to the front.

Capturing the molten lead and slag.

After smelting, the hot metal should be poured into hot moulds,
since a large temperature difference creates dust emissions,
fugitive fume and a possibly thermal shock that can damage the
kettle and lead to spillage, constituting a significant risk to
workers. To pre-heat the receiving moulds, they can be filled with
hot, molten metal (400-500° Celsius). The freshly poured metal
can cool down and then be pumped to the refinery. If a transfer
by pump is not possible, the hot metal should be tapped into
refractory lined metal moulds or pots in order to produce 1-2
tonne-blocks of lead bullion. While cooling, the bullion blocks
| need to be under extraction ventilation since lead fume is still
being generated at and above 500°Celsius. During the tapping
process the extraction ventilation should be at maximal force. A
typical minimum face velocity at the source of dust or fume
should be 1 m/s and at the ventilation duct 7 m/s. Effective
ventilation is important during tapping and the air has to be
channelled to a baghouse filter plant.

metal blocks to facilitate the later transport to the refinery kettle by

i While cooling, steel anchors should be inserted into the molten
| crane.
|

Slag should be tapped to form 1-2 tonne blocks. cooling in a
similar way as molten metal. However, some slags especially
those from rotary furnaces, are combustible and may
spontaneously ignite with lead-bearing emissions if the slag
contains a high lead content. CO; or foam extinguishers must be
located nearby, and the slag cooling phase must be ventilated.
Cooled slag will not ignite.

tapped into a metal mould or refining kettle. Since temperatures

|

|

| After a melting process, the molten lead bullion can directly be
! will drop below 500° Celsius no extraction ventilation is required.

| Full PPE protection shall be worn during tapping, if not done
_l remotely iie. a safety helmet, an N95/FFP2_respirator-safety

m_““-eg'i
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goggles, glasses or a face visor. a long sleeve cotton drill, boots
with steel or carbon fibre for toe protection, a leather apron and
foundry gloves.

4.4 | Refining and Refining and alloying are optional processes for a ULAB recycling
| alloying plant: the processes transform unrefined lead bullions into refined
‘ ones. A ULAB recycling plant may decide to just produce
unrefined lead bullion and let other companies take care of
refining it Refined lead (99.99% purity) and refined alloys serve
as an input for lead-acid battery manufacturers

! The refining kettle may be charged in two ways: (1) molten metal
is directly tapped from the furnace and pumped over to the
| refining kettle (at approximately 450°Celsius). (2) the molten
metal can be tapped from the 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:

‘ * For easy maintenance of the burners, Kettles must be
above the floor
| * The refining floor-working area needs to be an elevated
mezzanine floor with one-meter-high handrails and
without tripping hazards.
1 * The elevated mezzanine floor needs to be accessible via
| two entry/exit points to facilitate evacuation.
: * 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 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.
‘ * 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 throughput of the ULAB 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. Qg
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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.

4.5.

| Management
| of By-products

Furnace Residues (Slags) contain lead and are hazardous waste.
Slags may be soluble in water and combustible when still hot.
The latter issue is relevant for slags from rotary furnaces that may
still contain unreacted carbon from the reducing agents (like coke
or coal), which may spontaneously combust if the slag is still hot.
The slag container should thus be covered by a heavy-duty steel
plate, also resulting into a slower cooling process, which allows
lead particles to sink down to the bottom of the container, creating
a lead heel which may later be removed and added to the refining
kettle.

In any case, hot slags must be able to cool down under an
extraction ventilation hood to capture any resulting lead fume.
Furthermore, the slags generated by a rotary furnace is typically
hydroscopic i.e. it will absorb moisture and CO, from the
atmosphere, it will break down and leave behind iron and toxic
substances as sludge or fine powder. Decomposed slag must not
be sieved manually, since the generated dust may be highly
corrosive and toxic to human health,

The resulting slag must be monitored, stabilized and rendered
inert or handed over to a licensed hazardous waste facility for
further treatment and disposal. If slags 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 slags must never be disposed of into the environment.
When monitoring the lead content in the slags, the share of lead
should not surpass 2%. A lead content higher than 2% indicates a
sub-optimal smelting process that requires modification. Such
slags should be returned to the furnace as a fluxing component
with the aim to further reduce the lead content through further
smelting. Slags with a lead content below 2% may be (1) handed
over and safely disposed of at a licensed hazardous waste
disposal or (2) processed into outdoor paving slabs as part of a
cement mixture (with the slags usually having a share of 13-
15%). For the latter option, the slag must withstand the Toxicity
Characteristic Leaching Procedure (TCLP)-test or the Synthetic
Precipitation Leach Procedure (SPLP)-test, depending on
proscriptions by the responsible authorities in Ethiopia.

Battery electrolyte (battery acid) shall only be removed from a
ULAB in a controlled manner during the breaking process (see
Section 4.1) in the integrated ULAB recycling plant. Leakage
throughout the reserve supply chain (incl. collection and
transport) must be avoided. The electrolyte must not be
discharged even when it is neutralized, since the neutralized
effluent is a salt solution that may harm aquafic..ecosystems.
ULAB electrolyte is a dilute sulfuric i 4pH¥2), “which  is

extremely corrosive. It must be kept -ftom alcohols, “alkalis.
3 18
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strong bases, other acids, metals. organic or combustible
materials, oxidizing or reducing agents. All sites used for ULAB
storage must evince impermeable floors with drainage systems
that would capture and collect any battery acid spill. An exception
may be made for ULABs that are transported and stored in
containers that are leakproof.

Worker who are 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.

Considerations concerning battery drainage:

* If a battery saw is used for ULAB breaking, prior to
breaking, the acid has to be drained to an effluent
treatment plant (ETP)

* Hammer mill breakers have to be connected to an ETP in
order to capture and treat the battery acid

* Materials charged to the furnace should be, as far as
possible, free from battery electrolyte in order to minimize
the sulfur- and therewith the sulfur dioxide content in the
off-gas of the furnace

Considerations concerning the treatment of the electrolyte in an
Sk

* The battery acid must be filtered (e.g. with a filter press) to
remove remaining lead particles (recovered particles have
to be recycled through the furnace)

* A chemical must be added to turn the sulfuric acid into a
non-hazardous substance: The addition of sodium
carbonate will generate sodium sulfate (saleable to the
paper industry). The addition of calcium carbonate will
generate calcium sulfate, gypsum (used by the
construction industry, there is a high demand for this by-
product). The addition of ammonium carbonate will
produce ammonium sulfate, which may serve as a
fertilizer on alkaline soils if lead-free.

* Liquids from the treatment process may be used for
coeling the lead ingots after casting or to damp down the
operating areas for dust-suppression. No liquid shall leave
the ULAB recycling plant.

e The ETP must be raised above the flood level of the
ULAB recycling plant is located in a flood prone region
(e.g. nearby major dams) or in a monsoon prone area.

When recycling the plastic cases of ULAB batteries any residual
lead, lead-oxide or -sulfate must be removed by repeatedly
rinsing the cases or polymer chips with an alkali solution. Most
ULAB cases are made of either Polypropylene (PP) or
Acrylonitrile Butadiene Styrene (ABS), which may be recycled if
they are segregated and lead-free For_segregation: most
automotive LABs have PP- Esv~rwhile «..ULABs  from

uninterruptible power supplie ABS cases, with the
N ¥

B




Technical Guidelines for ULAB Recyclers in Ethiopia

latter being stiffer and harder than PP. ABS sinks in water, while
PP does not. The value of recyclable polymers is higher if,
additionally, sorted by colour. Lead-free plastic chips may be
processed into pellets or sold to plastic recyclers, who may
process them into new ULAB cases or e.g. moulded plastic
forms,

To attain lead-free chips: If battery cases have been broken by a
hammer mill, the mill may yield cleaned plastic chips, but another
wash with an alkaline solution is advisable. If the cases have
been broken by a battery saw, cases and covers must be washed
first with water and then with an alkaline solution in order to
remove non-polymer materials, lead acid residues as well as lead
oxide. Finally, a third and final wash with water is required. While
the water of the first washes may be reused. the water of the final
rinse shall be fresh and clean. All washing fluids (water, alkaline
solution) must be channelled to and treated by the ETP.

Battery plate separators in ULABs are often made of polyester,
too. When separated by a hammemmill. the plate separators
should be charged to the furnace without an attempt to recycle
them.

Concerning PPEs for plastic recycling: the plastic shredder
generates high noise levels, requiring workers to wear ear
defenders besides goggles. Workers must also be trained on the
safe use of the shredder.

All fume and dust particles (off-gases) generated during smelting,
melting or refining processes in the ULAB recycling 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, a scrubbing tower 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
fiter media in the baghouse. There must be a spark arrestor,
baffle restriction and large drop-out chambers built into the
cooling duct to shield off the filter bags from embers. The
temperature of the of gases must be below the melting
temperatures of the receiving dust bags which 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 (ie. > 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. If no desulfurization has been used
prior to the smelting process, the resulting smelting-off gas
contains sulfur dioxide. If sulfur dioxide combines with water
vapour it would form sulfuric acid, leading to corrosion of
materials such as polyester bags or iron components. Thus the
condensation of sulfur-dioxide containing off gas must be avoided
by keeping the temperature between 120-150°Celsius and the
receiving dust bags should not be made o rethylene-since the

£ /y, 1 -
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| operating temperature is too close to the polymer's melting point.
| 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 is
then returned directly to the furnace (without prior mixing with
. other furnace charge) in order to recover the remaining lead
[ particles. Operators must never come into direct contact with the
dust: the dust typically contains lead ratios of 30-80%, with
particles evincing a colloidal size that is highly hazardous to
| human health. 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.

} After the filter medium, the dust-free filter particles must pass

through a scrubbing tower for removal of residual sulfur dioxide

' as well as remaining dust particles prior to the discharge to the

! atmosphere through the chimney stack. The scrubbing tower

‘ substrate needs to be filtered to remove the products that are
formed then the sulfur dioxide reacts with the alkaline solution.

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)

2) Daily monitoring the amount of collected dust
i (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 mechanism is faulty and the filter
medium needs to be replaced)

3| S) 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)

' 8) The measurement of the differential pressure of the
: baghouse between input (off gas) and output (clean gas)
sections (modern filter plants provide a digital read out of
] the differential pressure. with measurement results being
| ] shown at the side of the baghouse or in the control room.
. _ | When filter bags are new the resistange (ditferential
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pressure drop of 0.00-0.07 psig). Used bags that are well
maintained and frequently cleaned evince a higher
resistance (0.07-0.18 psig). A differential pressure drop
above 0.22 psig would indicate that the filter bags need
replacement.)

Under no circumstances, acidic or lead containing effluents must
be discharged from the ULAB recycling plant, since it would
constitute a threat to human health by e.g. percolating into
groundwater and it would lead to severe environmental
contamination. There are three main types of effluents. which
must be captured, tested and treated separately:

(1) Process water and water used for cleaning and dust
control incl. from the laundry facility and battery electrolyte
must be captured and treated in the ETP.

(2) Rainwater. Raindrops hitting the ULAB recycling 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).

(3) 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 ULAB recycling plant must be treated
and managed in a way that no hazardous material enters the
surroundings or the municipal waste managemenl system
Beyond dust, slags and effluent, the ULAB recycling plant will

| generate packaging material waste, used PPEs and used

baghouse filters — all, most likely, with some degree of lead
contamination. The lead-containing waste should be charged to
the furnace at the ULAB recycling 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 ULAB recycling plant for battery
packaging.
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