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The ProBaMet project combines these angles above and classifies them into ‘push-‘ and ‘pull factors’, with push factors 
summarising all regulatory attempts around setting and enforcing minimum standards (No 1 above), and pull factors 
summarising the growing mandatory and voluntary market demands for sound battery disposal and responsibly sourced 
secondary raw materials (No 2 and 3 above). 

Since project start, various steps have been undertaken to improve the sector in Nigeria, and it is envisaged that – in 
the medium term, the Nigerian ULAB recycling sector will be characterised by the following changes: 

• Well-established minimum standard that is regularly monitored and enforced by the responsible agencies; 

• Commitment of recycling plants to these minimum standards, as well as to continuous improvement; 

• Identification and public promotion of best performing ULAB recycling plant(s) operating in Nigeria; 

• Monitoring of lead exposure on the level of workers; 

• Increased awareness and efforts by battery-using and -controlling sectors in Nigeria to channel ULABs to the 
recycler(s) identified as the best performing ones; 

• Sourcing policy of major buyers of secondary lead from Nigeria that strengthens minimum standards and best 
performing recycler(s) in Nigeria. 

While the concept was developed and applied for ULAB recycling in Nigeria and is being applied in a similar manner in 
Ghana2, its applicability to other recycling sectors, countries and regions has not yet been tested. In the context of a 
globally increasing demand for secondary raw materials, as well as an increasing awareness of sustainability risks 
associated with raw materials and recycling processes, this paper aims to explore the feasibility of applying the 
ProBaMet approach to other countries and secondary raw material streams. In specific, the paper assesses: 

• The feasibility of applying the ProBaMet approach to ULAB recycling sectors of other countries and regions; 

• The feasibility of applying the ProBaMet approach to other secondary non-ferrous metals such as aluminium, 
zinc and others. 

The analysis presented is based on literature review, existing project and industry expertise in the related secondary 
waste and material streams, and interactions with key stakeholders in ProBaMet as well as the non-ferrous metals 
industry. 

2 The	ProBaMet	approach	

The ProBaMet approach was developed to stimulate systematic changes in geographical areas where recycling of used 
lead-acid batteries (ULABs) often follows sub-standard and highly polluting patterns. While the approach is based on 
broad multi-stakeholder participation, bringing together government actors, civil society, academia, and the private 
sector to join forces for targeted improvements in the sector, its key feature is the combination of push factors (regula-
tion & enforcement) with pull factors (market demand for sound recycling solutions and the raw materials they 
produce). Due to the competitive nature of the ULAB recycling sector, the approach requires a national approach. This 
means that it must be applied to all industrial ULAB recyclers in a country. Focusing exclusively on one or a few plants, 
while leaving others unaffected (particularly with regard to enforcing standards), not only jeopardises the effectiveness 

 
2  In Ghana, sector improvements are supported by the Swiss funded Sustainable Recycling Industries project (SRI), 

which also supported the development of SOPs and conducted training and joint plant assessments with regula-
tory agencies. 

https://www.sustainable-recycling.org/
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Figure 2-1:  Overview of the ProBaMet approach 

 
Source: Oeko-Institut 

In this way, companies and players that either need an environmentally sound disposal solution for waste batteries or 
secondary raw materials (mostly lead, tin and antimony) for their business operations can integrate and use this 
approach to strengthen responsible business conduct with downstream partners (battery disposal) and/or upstream 
partners (suppliers of secondary raw materials)4. 

3 Applicability	to	other	countries	&	regions	

The ProBaMet approach for lead-acid battery management can be applied in countries that meet the following criteria: 

1. Existing health, safety and environmental (HSE) challenges associated with the unsound recycling of lead-acid 
batteries; 

2. Existing or developing industrial ULAB recycling infrastructure (formal sector); 

3. Existing awareness among policymakers and regulators and willingness for a cooperative sector approach. 

The criteria above are explained in more details in the following sub-sections. 

 
4  In that context it must be noted that the focus on downstream solutions (sound recycling of old batteries) is 

exclusively centred at management solutions within a country and is by no means intended to encourage or 
support transboundary shipment of hazardous battery waste for the purpose of recycling in Nigeria or any other 
low- or middle-income country. 
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3.1 Countries	with	existing	HSE	challenges	in	ULAB	recycling	

Figure 3-1 provides an overview of the average blood lead levels of children in countries around the world. Although 
there are significant differences between countries, it is noteworthy that higher levels prevail in low- and middle-income 
countries, particularly in Africa, Asia, and Latin-America (with additional hot spots in Bosnia, Albania, and Moldavia in 
Europe). While blood lead levels are an excellent indicator for identifying systematic lead exposure, there are several 
exposure pathways of which ULAB recycling is only one. Other pathways include the use of lead in paints, pottery, 
cookware, and spices, and heavy metal contamination from other (current and past) industrial activities such as mining 
and ore processing. 

However, Figure 3-1 also highlights countries with significant weaknesses in exposure control, which likely indicates 
numerous shortcomings, including in ULAB management. The map also broadly aligns with recent reports on sub-
standard ULAB management, including cases in Senegal, Nigeria, Ghana; Kenya, Cameroon, India and Bangladesh 
(Kenyan Ministry of Health 2015; Manhart et al. 2016b; Atiemo et al. 2016; Upadhyay 2022). While the map can serve 
as an indicative orientation and suggest that problems related to unsound ULAB management may be more prevalent 
in LMICs than in HICs, but shades of colour between certain countries should not be over-interpreted, exemplified by 
proven cases of pollution in Kenya, while the country has a relatively low average blood lead level compared to most 
other African countries.  

Figure 3-1:  Average blood lead levels in children on a country level 

 
Source: UNICEF & PureEarth (2020) 
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Figure 3-2:  African countries with heightened awareness for lead-acid battery recycling industry risks 

 
Source: Authors‘ own illustration 

3.4 Countries	with	large	end-of-life	battery	volumes	

The amount of ULABs are another important parameter for the applicability of the ProBaMet concept: While total 
amounts of waste batteries of less than 10,000 t/a argue against the feasibility of local industrial recycling, larger 
volumes are usually an important factor for investors to set up recycling plants, provided that other business factors 
also support this decision. Figure 3-3 shows the estimated quantities of ULABs generated in 2016 in various African 
countries through use in vehicles (Tür et al. 2016). While the map provides an overview of countries that stand out in 
terms of ULAB generation (S-Africa, Algeria, Egypt, Morocco), the data does not provide a complete picture due to the 
following aspects: 

• The figure is based on vehicle use in 2016. In most countries, the motorisation rate increased since that time. 

• LABs are also used in various other applications, such as back-up power systems and decentralised (solar) 
electricity supply. In both sectors, there is a disproportionate demand in many African countries. 
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Figure 3-3:  Estimated ULAB generation from use in vehicles in 2016 

 
Source: Tür et al. (2016) 

It can be concluded that, in addition to South Africa, Algeria, Egypt and Morocco, a number of other African countries  
have significant annual ULAB volumes. These include Côte d’Ivoire, Madagascar, Tunisia, Kenya, DR Congo, Angola, 
Ghana, Senegal, Tanzania, Uganda and Zimbabwe, but other countries could also be relevant. 

Battery volumes are certainly also high in various other low- and middle-income countries in Asia and Latin-America. In 
terms of pull factors as described in chapter 2, trade routes and geographical proximity also influence the feasibility of 
the ProBaMet approach. From a European perspective, African countries (particularly along the north and west coast) 
can be considered quite close. 

3.5 Interim	conclusion	

4 Applicability	to	other	secondary	raw	material	streams	

As explained in chapter 2, the ProBaMet approach requires 1) an existing national awareness of the associated 
sustainability challenges 2) a common reference benchmark to define sound practices, and 3) a strong position of the 
formal sector in the respective recycling chain. 

In this chapter, we review various waste and scrap types that are available/arise in relevant quantities in LMICs and 
assess whether applying the ProBaMet approach (or a suitable adaptation) has the potential to address sustainability 
challenges that are often associated with them. 
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4.1 Aluminium	

4.1.1 Description	&	reverse	supply	chain	

Aluminium scrap is widely available in relevant quantities and collected in most LMICs due to its material value. Alumi-
nium scrap is not a homogenous category and is usually classified into main types such as: 

• Cast aluminium 

• Aluminium rims 

• Aluminium sheets 

• Aluminium gutters / siding 

• Aluminium cans 

• Aluminium wires 

• Dirty aluminium 

In LMICs with limited industrial diversity, domestic demand for secondary aluminium is often limited to artisanal produc-
tion, which mostly uses cast alloys.  

Figure 4-1:  Current reverse supply chain for aluminium scrap in LMICs (Sub-Sahara Africa) 

 
Source: Authors’ own illustration 

Most aluminium scrap is collected for export, either as scrap or after melting into ingots. Remelters sort into different 
alloys and grades before melting. This sorting step is crucial to maintaining and increasing scrap value, as it determines 
the final alloy qualities. Public knowledge on sorting methods and qualities in facilities in LMICs is limited. Exporting 
entities (scrap traders, aluminium remelters) tend to be registered businesses, as a formal business status is required 
to participate in international (commodity) trade. 
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Figure 4-2:  Impressions from aluminium recycling practices in Sub-Sahara Africa 

 
1: Bailed aluminium cans for export    2: Artisanal production of cooking pots from cast alloys 

3: Aluminium sheets from fridge recycling   4: Bailed aluminium sheets for export 

Source: Oeko-Institut 
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4.1.2 Sustainability	challenges	

4.1.2.1 Social	aspects	

As with most informal scrap collection activities, poor working conditions are widespread and associated with the 
hazards of activities carried out (dismantling of products and installations → risks of injury, participation in traffic → 
exposure to pollution, accident risks). Moreover, incomes are generally low and there are no social security measures 
absent (apart from those associated with personal social ties). Child labour may be an integral part of some informal 
collection networks and usually concerns underaged adolescents (between 12 and 16 years old) involved in scrap 
collection. Some light work (e.g. collection of aluminium cans) may also be carried out by younger children.  

The risks described are also linked to the precarious situation of the informal sectors (mostly poverty-related activities), 
which in turn are closely linked to general economic conditions and welfare systems. Structural improvements in this 
sector are therefore difficult to achieve with one-dimensional interventions. While measures such as training and 
provision of PPEs, use of reflective vests etc. can reduce some occupational risks, there is often no guarantee that such 
measures lead to long-term improvements. 

4.1.2.2 Environmental	aspects	

In most cases, the collection and dismantling of scrap metal does not have a significant environmental impact. 
Exceptions to this are the following situations: 

• Dismantling of electrical and electronic equipment and vehicles with improper disposal (or even burning) of 
non-valuable residues and materials; 

• Burning of cables to recover the metal cores7; 

• Recycling of fridges with uncontrolled release of cooling gases and foaming agents; 

• Some types of capacitors containing polychlorinated biphenyl (PCB)8. 

When aluminium is remelted, the scrap is heated in a furnace. In such settings, foreign materials (e.g. colour coatings) 
are also heated and form various types of organic pollutants that must be removed/destroyed in a suitable off-gas 
treatment system. 

4.1.3 Suitability	of	the	ProBaMet	approach	

4.1.3.1 Opportunities	

• Aluminium scrap is a widely traded commodity with significant material value. Strong demand for responsibly 
sourced secondary aluminium can therefore provide an incentive to mitigate sustainability risks in low- and 
middle-income countries and may also act as a driver for quality-related improvements in the supply chain 
(particularly in the context of scrap sorting processes). 

 
7  Although many cables have an aluminium core, the focus during open burning is usually on recovering copper. 

Since all recovered metals take on a brownish colour due to the open burning process, aluminium from open cable 
burning is usually not sold to aluminium traders, but (intentionally or unintentionally) sold as copper scrap. 

8  PCB was internationally banned by the Stockholm Convention in 2001. Thus, PCB is only found in capacitors 
manufactured before 2001. The issue of hazardous PCB in capacitors is mainly relevant when decommissioning old 
power installations. 
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• Exporters of Al-scrap and remelted alloys are usually registered businesses. As the trade requires the shipment 
of relevant quantities, these players usually have their own storage and processing sites. These aspects are 
important prerequisites for the application of the ProBaMet approach. 

• Cooperation between aluminium scrap exporters and remelters in LMICs and aluminium-consuming industries 
is likely to be in the core business interest of both sides, since a transfer of know-how in scrap sorting methods 
would likely increase the added value (and thus the economic returns) in scrap trading and in the remelting 
industry. Likewise, improved sorting would make the secondary aluminium supply from LMICs more attractive 
to the consuming industries. 

4.1.3.2 Challenges	

• Many sustainability challenges are associated with scrap collection and preprocessing, which are usually in the 
hands of the informal sector. Registered exporters (traders and remelters) can have some influence on 
collection and preprocessing practices, but this influence should not be overestimated, as off-takers (exporters) 
have limited ability to verify the implementation of minimum standards in their supply chains9. 

4.2 Copper	

4.2.1 Description	&	reverse	supply	chain	

Because of its excellent electric conductivity, copper is used in almost all types of electrical and electronic equipment. 
Due to its availability and its high material value, copper scrap is retrieved, collected, and traded all over the world. In 
many applications, copper is closely linked to other materials such as electric isolation material (e.g. PVC and PE of 
cables) and ferromagnetic steel (e.g. in electric motors and transformers). Secondary copper markets focus on liberated 
cooper, whereby these non-copper materials are excluded. Thus, copper must be liberated and separated from other 
materials before being sold to smelters. 

Figure 4-3:  Current reverse supply chain for copper in LMICs (Sub-Sahara Africa) 

 
Source: Authors’ own illustration 

Copper scrap liberation can be done in a number of ways, bearing in mind that the least expensive method (open 
burning of plastic-insulated copper scrap) is a fairly widespread approach, particularly conducted in informal scrap 
sector settings. Open burning is preferred because it requires no investments and very little manual labour. At the same 

 
9  In ULAB recycling, the formal recyclers can request that batteries are delivered intact and with electrolyte/acid. 

While this sourcing policy does not change the informal nature of the supply networks, it can widely mitigate the 
hazardous and environmentally harmful practices of uncontrolled breaking and draining of batteries. By contrast, 
the Al-scrap supplied does not indicate compliance or non-compliance with minimum standards in the supply 
chain. 
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time, it can offer the possibility to increase the weight of the copper scrap to be sold to the trader – either by 
prematurely extinguishing of cable fires10 or by adding other non-copper wire material11. Open cable fires (and open 
burning of other copper craps) are a major source of dioxins and furans (persistent organic pollutants – POPs). 

There are alternatives to open burning and various mechanical processing methods such as cable stripping and 
granulation, but these require higher investment and operating costs (labour and/or energy). 

Figure 4-4:  Impressions from open burning of copper cables 

 
Source: Oeko-Institut 

4.2.2 Sustainability	challenges	

4.2.2.1 Social	aspects	

Social aspects are closely linked to the emission of pollutants (predominantly POPs – see below) and affect informal 
scrap workers as well as neighbouring population groups. Additionally, POPs may be transported over long distances 
and enter the food chain. 

Further social aspects are linked to the informal nature of the scarp sector that carries out scrap collection and 
processing. These aspects are similar to those of aluminium (see section 4.1.2.1). 

 
10  So that some of the plastics prevails in a visibly unrecognizable form of a brown/black coating. 
11  Copper from open burning has a brownish/blackish colour, which makes it difficult to distinguish between 

materials with visual inspection. 






