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Abstract

Electronic Scrap (e-Scrap) is a growing concern of Argentine society, manufactures/importers and policy makers. The penetration rate and variety of many IT and home appliances used in Argentina have been increasing in the last few years and is a growing stream in the Municipal Solid Waste Management Systems. Currently, e-Scrap is handled by a complex ecosystem where some large Recycling Facilities –pre-processors and suppliers of raw materials such as plastics, glass, ferrous, no ferrous and precious metal scrap to Global Smelters and Refineries-; compete with in the ‘informal’ recycling sector (“cartoneros”) and the Municipal Solid Waste disposal. Branded and big OEMs contract Hazardous Waste Operators or Recyclers, but still a significant amount of the E-Scrap stream ends at the Municipal Dumps or is handled by the informal sector with negative impacts. Adoption of best practices, Extended Producer Responsibility (EPR) Legislation, more processing capacity and a better reselling of the components or raw materials recovered are needed to enhance the e-Scrap, as well as other WEEE, collection, processing, recovering components/materials and recycling.
1 Getting value from the e-Scrap

Products containing mainly steel, like stoves, and other white goods are likely to be captured by the traditional scrap businesses, while there are today very limited signs of companies dealing with electronic waste, such as TV-sets, computers, mobile phones, video systems, etc. It should also be noted that some products mainly containing steel and thus attractive for metal recycling, may in addition contain hazardous components, and should be treated with greater care than what is traditionally happening in the scrapping sector. This is for instance the case with refrigerators and freezers having CFCs both as cooling agents and in insulation materials. Appliances could also contain solders, batteries or components with heavy metals.
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1-Figure: Main materials than can be recovered and process as new raw material from the e-Scrap
A number of mainly international OEMs or brands are using a domestic collectors and "de-manufactures" to process their e-Scrap from Service Centres or Devolution Programs. We call this the e-Scrap Green Flow. These e-Scrap Facilities as well as Special Waste Operators are required to full fill with a Dangerous Waste regulations and if they export, with the Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and their Disposal. Some international brands such as Dell, HP, Lenovo, Siemens, Motorola, Nokia and Sony-Ericsson, consider it became clear that they are all in various stages of planning and implementing take-back programmes for Argentina.

Users or Consumers of electric and electronic equipment play a two-fold role both as a consumer of appliances and as a generator of e-Scrap. Some discarded but functional products will be resold in the re-use market. There are two types of consumers: corporate users and private households.  Some of the corporate users contract Recyclers or either donate their obsolete IT appliances, or auction it in bulk. It also seems like there is a considerable hording among such users, that is, the discarded products are simply stored. Households sometimes trade in their functional, high-value but obsolete items, like TV-sets, when they buy new products.
 Discarded products with no trade-in value are likely disposed of along with other MSW, directly, or before are "cannibalised" by informal scrappers, or the Brown Flow. So, the e-Scrap not sent to Recyclers may:
a)
Be disposed in landfills, “dump grounds” or in inappropriate places in which users, government entities or companies, dispose the WEEE without any kind of treatment to toxic or hazardous waste, nor components or material valorisation.

b)
Be dismantled and “valorized” by the informal market to obtain commercial Scrap metals, but having in no consideration the risk that dangerous  wastes spilling and emissions emission has for human health and for the environment. These procedures are carried out with a few number of tools and with no personal protection.. 

Consequently, this processes acquire the following characteristics:

-
Intensive work force, with low skills and very cheap,

-
Low technology for de-manufacturing
-
High environmental impact in the environment and society.
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2-Figure: compares the green (from post-consume to recycling and refining) and brown flow (from consume to pollution. 

On the way to adopt the best practices, the market should be transformed. A wide range of actors participate in this market, such as individual or co-operative actors which become mainly from the informal sector, which is constituted by metal scrapper or the so called “cartoneros”. As was said, e-Scrap are dismantled with the aim of segregating its aluminium, copper, metal sheets and compressor containing components

In Argentina, a strong informal sector has developed for the management of recyclable components of the municipal solid waste, and in particular for the packaging and the newsprint. This sector consists of so called cartoneros, living largely from picking up waste from the waste bins on the streets and selling to vendors. The system entails a number of social, health and environmental concerns and how to find an improvement of the situation is widely discussed in the press, among politicians and by the general public. Fortunately, E-SCRAP is still not a major target for the cartoneros and the informal recycling sector, and, consequently, the problems seen from other countries when unskilled labour without protection and reasonable technology deals with such toxic waste are not yet met in Argentina. 

There are today a couple of initiatives involving NGOs to refurbish computers and other EEE for charity purposes. Heredia (2008) is also reporting on a project where cartoneros organised in a recycling cooperative are engaged in refurbishment of computers. This project, which was recently initiated, is also supported actively by the industry chamber CAMOCA. CAMOCA is promoting such development as a viable way of developing E-SCRAP treatment systems as elaborated during meetings with their representative in May 2008. These particular initiatives have not been studied in any detail and will not be further discussed. However, some general observations on the development of recycling activities in the informal sector and the problems related to treating E-SCRAP are made and could be considered in this context.
2 The E-SCRAP management flow 
The management of electronic waste is emerging as a global environmental problem due to the hazardous materials contained in electronic products and increasing consumption of these products. IT scrap is a unique niche in the e-waste stream not only because of their high rate of displacement by consumers, but also because they have viable reuse and recycling markets in Latin America and global buyers under the Basel Convention regulations, such as refineries, ferrous and non ferrous smelters and glass buyers. Six opportunities to increase the rates of recycling and recovering value from the e-Scrap were to be implemented in Developing countries now. 
First, developing countries that have a relatively small stock of domestic historical products due to low penetration rate in the past. The fact that the market is far from saturation, and the penetration rates are continuously increasing, means that distributing the cost of historical waste onto new products sold would not lead to dramatic price increases. However, this also means that the cost of policy inaction would increase rapidly over time.

Second, the big share of corporate users for certain product categories, such as information and communication technologies, can act as a buffer to smooth out the transition period. Obsolete products from these sources are, in general, of higher quality (in terms of homogeneity and value) and quantity than those from private households. In addition, facing internal and external stimuli, corporate users can be made to commit to delivering their obsolete products to a cleaner channel without direct economic compensation. However, there is a risk of overestimating the amount of B2B share, due to a hidden flow of obsolete B2B products to the B2C sector.

Third, recycling systems of e-Scrap can become a lucrative business in Developing countries, as well as other Latin American countries, due to the middle level salaries, cheap energy and space. The business promises employment opportunities for both skilled and unskilled labor, and can attract capital for recycling facilities from inside and outside of the country. Many European, Asian and North American companies are studying investment opportunities. 
Fourth, having a separate system to take care of WEEE would lift the burden from municipalities who otherwise have to handle it as a part of municipal solid waste (MSW). In addition, with spare capacity, they can play the role of service providers in the system.

Fifth, some existing business practices and initiatives in Developing countries are in tandem with EPR. Two such practices are mentioned in this report: retailers’ trade-in practices and producers’ voluntary free take-back schemes. Their relationship with an EPR program can be two-fold. On the one hand, the program can be partly developed on them. On the other hand, the program can further their scope and environmental benefits.

Sixth, Developing countries can capitalize on experiences and infrastructure from existing recycling and refining companies such as Boliden, Umicore, Norddeutsche Affinerie and Xstrata. OEMs might also transfer their global experiences in terms of technologies and know-how to Developing countries to the primary collection and de-manufacturing, and big scale refineries and smelters can develop a middle and high value electronic Scrap such as no ferrous Scrap, printed circuit boards, Platinum Group of Metals components, LCD and recharchable batteries.

3 Developing a profitable and sustainable Scrap market

IT and home appliances scrap is a unique niche in the e-waste waste stream, not only because of their large volume and short lifespan of 18 months on average, but also because of the reuse and recycling opportunities they carry with them. Therefore, the policy makers can take either mandatory or voluntary approaches. If the collection rate stays as low as now, the number of e-Scrap that end up in legal or illegal dumps, landfills or incinerators will be enormous and policy will be needed to address this issue. Any business solution should consider three main stages:

• Collection

• De-manufacturing and valuation of the re-usable components and recyclable materials
• Reselling as raw materials or exportation under Basel Convention regulations.
Argentineans are today not accustomed to waste collection systems based on separation at source of recyclable and hazardous components. The separation taking place is mainly done by cartoneros from the informal waste sector, sorting out saleable materials for recycling at various stages of waste collection and treatment – from the kerb-side to the landfills. This means that the citizens, in their private roles and as part of companies and organisations, must be informed about the need for source separation, be taught how it should be done in practice and be motivated to participate. Global experiences confirm that people want to do the right thing for the environment, but often lack the knowledge of what to do and how to do it, and, very importantly, the trust in non-transparent systems. It should be noted that in Developing countries the high level of public awareness concerning waste batteries could be used to the advantage of citizen awareness campaigns concerning e-Srap. It is hence essential to combine an efficient information campaign with a working system and to continuously inform on the achievements of the system. When necessary, additional incentives for handing in discarded products can be created in the form of financial rewards, such as for instance deposit-refund systems or more generally buy-back systems. 
A good convenience level plays a crucial role for achieving participation in source separation programmes, for instance the right to bring back a product to point of sale. Transparency and trust in the system will be established by a well-working system and by engaging the actors who are able to guarantee efficiency. This is an essential part of a well-working EPR system and implies that the role of the actors who are financing, that is the producers, should cover the practical implementation of the system, as well as the financing.
In the processing or "de-manufacturing" stage, the following options have been considered:

• Reuse of IT Scrap

• Reuse of components

• Recycling of materials
Economic and environmental performance was studied for each EoL stage mainly in Developing countries with the key IT-Scrap Operators: collection and transportation, pre-processing, reuse options, and recycling options. Economic performance was measured in terms of revenue and costs, and environmental performance was measured in terms of environmental burdens such as energy consumption or benefits as waste savings. In addition, the issue of displacement of ore mining and new production was discussed as the main factor that contributes to increase upstream environmental benefits. The observations and analysis made in this section are incorporated into baseline and scenario analysis.
4 Reselling recovered Raw Materials

Getting value from the Scrap has a long history in Developing countries. More than 50 % of the raw materials used to produce steel & iron, by global players with plants in Developing countries; comes from the ferrous scrap. The same happens in the copper and aluminium industries. The same happens  in the plastic and glass industries, that use scrap in their production process. So most of the weight of the e-Scrap is recycled and stays in the country as raw materials, used by primary ferrous and non ferrous smelters, glass and plastic basic industries. But Developing countries lacks the capacity to refine, in high scale, Precious Metals, Platinum Group of Metals and other  speciality materials. So Developing countries, needs to export those e-Scrap that only can be processed and refined in high technology companies to get efficient process. Exporting to other underdeveloped countries without sustainable refining process is forbidden under Basel Convention Regulations. 
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3. Figure. The e-Scrap Recycling and Refining Loop

Here, it is advantageous to make at least a conceptual distinction between competition for E-SCRAP and for re-usable products. Without any interventions, informal actors would have an edge over their formal counterparts in terms of their non-compliance with environmentally sound production/specification standards, absence of related costs and tax payment. As far as material recovery is concerned, recovered materials will, at the end of the day, be sold in the secondary material markets at similar prices, regardless of where they originate. 
Therefore, unless OEMs are able to earn higher net profits from processing e-Scrap, by using more efficient technologies than the informal recyclers with rudimentary methods, the informal sector would have more money to offer users for their discarded e-Scrap. With the potential presence of informal competitors in Developing countries, the formal system risk scoring poorly in terms of collection, because e-Waste will escape to the informal sector. 
All these are reasons why an additional financial flow is still necessary, even for those products for which end-of-life management will be profitable in Developing countries. Under an EPR programme, this additional finance in terms of recycling subsidies will be sourced from the (identifiable) producers. Here, the use of front-end mechanisms is even more preferable because an end-user-pays approach would further weaken the formal sector’s ability to attract discarded products, as the end-user could as well turn to the informal sector. In the programme, only an OEM with official certification confirming the amount of e-Scrap it physically handles, would be eligible to receive the subsidies proportional to the amount of used appliances it processes. This should allow them to eliminate the gap between their cost structure and that of the informal recyclers. Here, auditing and certification mechanisms are needed to ensure that the right amounts of subsidies go into the right hands.
At any rate, the burden of proof of compliance should rest on exporters/importers. Importing countries can also benefit from strict enforcement in exporting countries via cooperation and harmonisation of criteria and procedures. For economic reasons, basically only precious metals (gold, silver and palladium) and copper are recovered from IT and home appliances Scrap. Companies have utilised metal recycling for a long time and, as mentioned earlier, cell phones are only a small percentage of the entire feedstock.

Metal recovery processes such as smelting and refining are capital- and volume intensive operations. Only primary producers (the companies that do mining, extraction, smelting and refining) have such capacity and expertise. For e.Scrap, due to their metal composition, EoL products are ultimately sent to copper smelters and precious metal refineries. In North America, there are only 1 or 2 such smelters/refineries. Even worldwide, there are only dozens of them. Recycling of e-waste became popular in the recent years but there is no company that exclusively processes e-Scrap. Once the metals are refined, they are traded in the world metal market. As long as they are refined to 99.9% purity there is no distinction between primary and secondary material. They can meet the same demands from different applications.

Since primary operators deal with large volumes, they do not engage in business with individuals or companies that need to dispose EoL products. Intermediate or secondary recyclers mediate between these two agents. They accept EoL products, sort, pre-treat and assay them so the feedstock is ready for primary operators to process.
Recycling is defined as the processes for material recovery. Technically, all materials that are present in a given feedstock can potentially be recovered, but it does not usually happen in reality. Usually only the materials that bring economic profit are recovered. In the case of cell phones, the profitable materials are precious metals and some base metals including copper. Therefore, unless otherwise stated, “recycling” or “material recovery” in this paper means precious metals and copper recovery.

Generally, intermediate or secondary e-waste recyclers collect and pre-treat EoL e-Scrap, then send them to large-scale primary metal smelters and refineries for metal recovery. From a metallurgical standpoint, there is no substantial distinction between primary and secondary metal recovery. When metals are mined as ore, the concentration of targeted metal is low. Through extraction, concentration, smelting and refining, these different techniques gradually increase the concentration. The metal is purified until it is of marketable quality. In the same manner, secondary material increases its concentration through different processes until it reaches marketable purity.

5 From e-Scrap to precious and special metals

Intermediate recyclers pre-treat e-waste including e-Scrap and send them to those operators where they process aggregated feedstock from primary and secondary sources. Secondary feedstock is only a small fraction of total operations. Stage I (Pre-treatment) occurs through intermediate recyclers who send pre-treated materials over to primary smelters who carry on the operation from Stage II (Copper recovery). 
I. Pre-treatment

1. Weighing: Weight is used to reconcile operation fees and profit from metal recovery.

2. Dismantling (optional): Parts can be dismantled to realize separate recycling for different materials. This stage is exercised only if economically feasible. Cell phones do not go through this process.

3. Shredding: The sample is shredded and granulated into particles to enhance material

liberation.

4. Material Separation (optional) Ferrous or non-ferrous metals can be separated by magnetic or eddy current separation if the concentration is high. Typically iron and aluminum are separated from this process but cell phones do not go through this.

5. Smelting (for assaying) Shredded sample is put in a high temperature furnace. Copper-rich metal (called copper shot), slag and dust are recovered from this process.

6. Assaying: Metals of economic interest are assayed for financial reconciliation among

involved parties. 

II. Copper recovery

7. Reactor: Copper-rich feedstock is fed into the liquid metal bath of the reactor until the concentration reaches 70%.

8. Converter: Concentrated matter is further oxidized to remove most of the remaining sulfur ion and other impurities to reach 98% pure blister copper.

9. Anode furnace: Through an anode furnace, the copper achieves 99.1% purity.

10. Electrolytic copper refining: Copper anodes are refined to 99.99% pure copper cathode that is sold to themarket. Precious metal residues that sink in the bottom of the cells are removed for further processing.

III. Precious metals recovery

11. Electrolytic silver refining: Silver is further purified and gold with Platinum Group Metals (PGMs) concentration are removed. Then silver is cast into bars which are sold in the market.

12. Gold process: Gold is further purified and PGMs are removed. Then gold is cast to the bars

which are sold to the market.

13. PGMs refining: Palladium and platinum are separated and purified, then sold to the market.

The recovery rate is estimated to be 99% for copper, 98% for gold, and 90% for silver, palladium and platinum. Among available EoL options, metal recovery requires the heaviest capital investment, the longest process and the highest energy/input requirement.
4-Image: Big scale smelting and refining of selected electronic scrap
6 Conclusion

Every country can be considered an attractive platform to develop sustainable and sound solutions to the increasing e-Scrap problem. Some trends show be corrected and other enhanced.
- Recycling programs should be supported by an Extended Producer Responsibility Law, mainly to promote take back programs and the reverse logistic, "from consumers" to recyclers; as well as financing the recycling process

- The Collection and Pre-processing systems should include the current actors and channels, aiming to reduce the reverse logistic cost
- The Brown flow should be supported and financed to turn into a Green e-Scrap Flow.

- The informal collectors and pre-processors should be training to improve the handling of the materials to avoid pollution and increase the selling opportunities

- Local Recyclers and Special Waste Operators should get integration with the Global Refineries to improve se sorting and pre-processing of the valuable scrap such as printed circuit boards and recharchable batteries.
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