CASE STUDY 2 * The Effectiveness of the Provisions on Transfer of Technology to Developing Countries in the Basel Convention: The Case of Used Lead-acid Batteries in India
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This paper examines access to environmentally sound technologies (ESTs) and the conditions of their dissemination under the Basel Convention. The analysis is based on a specific case: recycling of used lead-acid vehicle batteries. The case is selected as it concerns both small and medium-sized enterprises, including in the informal sector, as well as large scale recycling enterprises in the formal sector.
(1) General objectives of the Basel Convention

The Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and Their Disposal has the following objectives:

·  That all hazardous-waste generation should be reduced to the minimum volume and qualitative risk attainable, taking into account environmental, technological, social and economic aspects.
·  That hazardous wastes must be disposed of as close as possible to the site of generation; in this respect, the term disposal under the Convention concerns both resource recovery and recycling as well as final disposal of the wastes.
·  That every state has the sovereign right to ban the import of hazardous wastes.

·  That there should be no export of hazardous waste to a country that has banned imports of these materials.

·  That hazardous wastes should not be exported to a state that does not have the capacity to manage the waste in an environmentally sound manner.
·  That trade in hazardous wastes with non-party states is prohibited.

·  That transboundary movements of hazardous wastes are subject to a system of prior (written) informed notification and consent.

·  That Parties consider that illegal traffic in hazardous wastes is criminal and that such illegal shipments have to be taken back by the exporting country,

disposed of in an environmentally sound way or alternative arrangements sought, if sound disposal is impossible.
Most recently, the system of prior informed notification and consent has been supplemented by decisions II/12 and III/1, which introduce an outright export ban from Annex VII countries (the OECD, EU, and Liechtenstein) to non-Annex VII countries (all other Basel Parties) on hazardous wastes shipment both destined for final disposal and re-use/resource recovery/recycling. This so-called “Ban Amendment” of the Convention assumes the form of a multilateral export ban which is enforced by countries of Annex VII. 

(2) PROVISIONS ON TRANSFER OF TECHNOLOGY IN THE BASEL CONVENTION
The general provisions related to transfer of technology (ToT) in the Convention can be summarized as follows:
·  There are no provisions on ToT under most favourable or advantageous, i.e. non-market based terms. Furthermore, unlike the Montreal Protocol, there is no adequate financial mechanism of the Convention to facilitate ToT, nor are developing country Parties of the Convention able to tap global financial mechanisms, such as the Global Environmental Facility. 
·  The provisions on ToT are not binding and based on best endeavour; conversely the trade measures are mandatory.

·  The Convention provides for exchange of information on suitable waste management technology and management systems, but the accumulated information in this regard is difficult to access and often of too general nature.58

·  The Technical Working Group of the Convention has drafted a number of technical guidelines on management of particular waste streams and relevant disposal operations. These guidelines are however very prescriptive in terms of exposure risks and general waste management practices and are mostly confined to the enterprise level. The specific technical and socio-economic circumstances in developing countries, both least developed and rapidly industrializing countries, are not fully reflected. This concerns in particular the required scale of economically viable recovery or final disposal operations and the significant role of the informal sector.59

· There has been considerable headway in creating regional and sub-regional centers on training and technology transfer in recent years. Centers are now operational in China and Indonesia for Asia, in Senegal for French-speaking Africa, in Slovakia, Russia and Estonia for Central and Eastern Europe, and in Argentina, El Salvador and Uruguay for Latin America (UNEP/CHW/C.1/4/9).
These centers have the advantage of being able to focus on the specific requirements of the countries in their respective regions, taking due account of the environmental, economic and social exigencies. Most of the activities of these centers have however only recently been launched so that a review of their effectiveness is premature. It increasingly becomes clear, however, that both the creation of the centers and their operation encounter serious funding challenges. The Technical Co-operation Trust Fund to Assist Developing Countries (TCTF), which is based on voluntary contributions, suffers from a chronic shortage of funds and therefore most centers have to rely on bilateral funding support for specific activities, which makes the financial base of the centers unpredictable.
In the light of the above, it can be noted that the Ban Amendment of the Basel Convention outphases transboundary movement of hazardous wastes from North to South. The provisions of the Convention, however, do only imperfectly deal with access to and dissemination of ESTs in resolving waste management problems, in particular in such developing countries that are rapidly industrializing and thus have a high demand for material, including valuable material recovered from waste. ToT requires an economic interest in the effective use of the acquired technology. The Basel Ban Amendment and its severe trade restrictions on some importable recoverable material, however, may undermine this economic interest and it is open to question whether the Regional and Sub-regional Centers on Training and Technology Transfer can effectively overcome this handicap.

(3) THE CASE OF RECYCLING OF USED LEAD-ACID BA TERIES

Lead-acid batteries are one of the scrap items, which are classified as hazardous by the Basel Convention and thus subject to the export ban from OECD to developing countries pursuant to decision III/1. However, imports of lead battery scrap have already virtually come to a halt in the wake of several recent decisions of the Delhi High Court self-imposing a ban on such shipments by India.
Dissemination and effective use of ESTs are inseparably linked to the business and investment prospects of a sector. This is why a review of ESTs will be prefaced by a short overview of the structure and business prospects of the lead-acid battery recycling industry in India. 

The structure of the Indian lead-acid battery recycling industry

There are three major licensed manufacturers of new batteries:

·  Exide Industries

·  Tudor India Ltd

·  Amara Raja Batteries

About fifteen manufacturers are in the medium- and small-scale sectors.

Furthermore, there are several hundred battery reconditioners in the informal sector. The manufactured batteries are destined for automotive, stationary and traction applications. The total battery production is about nine million equivalent standard units of 12 volt 88 ampere hour capacity. Sector wise, the production breakdown is as follows: 

Large sector production: about 55% of total production Medium/small sector production: about 45% of total production 

Lead demand and supply

According to available data, 70 per cent of the total lead volume is consumed by the battery industry. Other important consumers of lead are chemicals (20 %), cable sheathing (5%), others (5%). In a study undertaken by Tata Consultancy Services in 1997, it was noted that per capita annual consumption of lead in India is 0.3 lbs against 0.6 lbs in China, and 13.3 lbs in the United States. The demand for 1999-2000 is estimated at about 150,000 tons. 

Table 14 Total production of refined lead in India, including lead content

of alloys (in metric tons) 

	
	1994
	1995
	199
	1997

	Production of refined lead from primary sources
                              60000

	62000
	67000
	60000

	including lead in alloys

Secondary lead      24000
	26000
	25000
	19000




(produced by smelters from scrap/waste/residues)

Table 15 The demand-supply gap for lead, as worked out by MGK Menon

Committee on Management of Hazardous Waste in 1997 (in metric tons)

	
	1998-99
	1999-2000



	Total lead required by battery industry


	90000
	100000



	Total lead required for other applications


	48000
	54000



	Total demand
	138000
	154000



	Total supply
	80000
	6000061



	Supply-demand gap
	58000
	94000


At the turn to the next millennium, the domestic supply-demand gap will reach a magnitude equivalent to more than 60 per cent of total consumption. The supply-demand gap can be bridged in two ways: India can import primary or secondary lead and/or it recovers more domestic secondary lead. The latter is more desirable from an economic and environmental point of view, because there is still a production cost advantage of lead recovery versus the use of imported refined primary lead and scrap battery recycling can resolve the waste disposal problem. Furthermore, a significant part of the imported primary lead would soon end up as scrap in the country and, unless collected and properly recycled, would be a major source of environmental contamination.
Currently, the lead smelters in the formal sector only recycle about one-fifth of the estimated 100,000 tons of domestically generated vehicle battery scrap. As a consequence, large parts of battery scrap end up in the informal sector, i.e. among battery reconditioners and backyard (s)melters, or remain uncollected and therefore are a serious source of lead and dilute sulfuric acid spillage into the environment.

The INFORMAL SECTOR is not only very effective in collecting scrap batteries, but also in acquiring scrap from scrap dealers. Battery reconditioners and backyard (s)melters, which do not pay taxes and have insignificant costs for pollution abatement or occupational safety, tend to offer very high purchasing prices for battery scrap. Under conditions of a virtually closed domestic market, the domestic supply-demand gap has driven up Indian battery scrap prices to between two and three times the international level of battery scrap prices, which currently are at about US$150 per metric ton. The informal sector therefore poses a two-fold problem for licensed battery recyclers:

·  there is a quantitative shortage of scrap feedstock, which is difficult or impossible to bridge by resorting to scrap imports; and
·  the level of domestic prices of battery scrap is so high that it wipes out any production cost benefit versus lead produced from primary sources.

These two problems cause capacity under-utilization at licensed recycling plants, which, in turn, discourages investment into new technology, be it end-of-pipe or clean process technology. It also prevents battery manufacturers from conducting research and development on prolonging battery life and thereby reducing the volume of generated battery waste. Unless these problems are resolved, it is unlikely that the licensed Indian battery recycling companies have a sufficient economic interest in deploying new technology, in particular clean process technology, even if they had easy access to such technologies.

Apart from resolving the feedstock shortage and scrap price problems, licensed battery recyclers also have to prepare themselves for meeting quickly rising battery demand and processing an ever increasing battery scrap heap caused by very high growth of the Indian vehicle population in the next few years. Even if fully utilized, currently installed recycling capacity will soon no longer match battery demand and scrap supply volume. The industry will therefore have to expand and this will provide ample opportunity for the use of less-polluting, more energy-efficient and more cost-effective technologies.
Table 16 Projected vehicle population growth in India  
	Year
	two wheeler
	three wheeler 
	cars
	jeeps
	light utility vehicles
	Tractors
	Total

	90-91
	14,046,764
	763,513
	2,542,705
	470,590
	1,744,211
	1,232,896
	20,800,679



	95-96
	21,948,767
	1,123,641
	3,402,273
	686,302
	2,338,430
	1,876,005
	31,375,418



	00-01
	35,318,944
	1,755,705
	5,081,690
	1,108,620
	3,348,835
	2,922,187
	49,535,982




Suitable recycling technologies for India

The conventional method of recovery of lead from scrap batteries involves  pyro-metallurgical methods having the following stages:

·  Conversion of scrap batteries into battery scrap by a mechanical process followed by heavy media separation.

·  Smelting of the scrap to get impure metal by a pyro-metallurgical step involving smelting the charge blended with about 5% reducing agent (coke).

·  The lead sulfate and oxide are reduced to lead, but oxidizing all other impurities. The product is a low antimony melt, containing less than 1% antimony and a furnace slag containing about 80% primary lead and oxides.

·  The slag generated is tapped and blended with metallic iron and reprocessed in the furnace. The iron de-sulfurizes the charge by reducing the lead sulfate to lead oxide. Carbon further reduces the oxide to metallic lead. 
Ongoing research is being carried out at the National Metallurgical Laboratory and at the Indian Bureau of Mines towards :
·  meeting and improving the environmental standards;

·  increasing levels of productivity and product quality;

·  recovering other metals and products; and

·  minimizing solid and waste disposal.

All currently used recycling technologies in India are conventional. Their pollution control measures have however been considerably improved. Newer technologies, which are environmentally more friendly and may also be economically more attractive, are currently tested overseas. However, none of the big secondary lead smelters worldwide has used such technologies at large scale.

The newer technologies attempt replacing the pyro-metallurgical processing route by electrochemical and hydro-metallurgical processes. These processes can considerably reduce current pollution levels. However, a careful choice of the technology has to be made depending upon various factors such as accessibility, economic viability and environmental performance. Several recent reviews of internationally developed new technologies have recommended three processes as being particularly suitable for consideration under Indian circumstances :
·  KHD Wet Mechanical Process

·  Plombrec process

·  Placid process

The Placid process, developed by Tecnicas Reunidas in Spain, appears to be the best suited for large-scale Indian Recyclers. In this process, lead is leached in warm slightly acidic brine to form soluble lead chloride. Pure lead is then won from the lead chloride electrolyte on the cathode of an electro-winning membrane cell and is collected. Hydrochloric acid is reformed in the cell and returned to the leaching bath. The net consumption of the reagent in the process is minimal. The reaction of the battery paste (lead oxide & lead sulphate) with brine yields sodium sulphate besides lead chloride. This is easily converted to gypsum by adding milk of lime.
The process is therefore very flexible and capable of treating all forms of lead bearing residues such as battery pastes, drosses, ashes etc. More than 99.5 per cent of the lead is dissolved in the leachate and the current efficiency in electrowinning is almost 100 per cent. As a result, the recovery rate of lead from the waste material is almost 100 per cent.
Although the Placid process can be implemented on a stand alone basis, there are technical and environmental as well as economic advantages in combining it with a pyro-metallurgical process.
The hard, antimonial lead in grids and other metal parts can be treated in the existing pyro-metallurgical facility, whereas the battery paste is fed into the Placid process. The cements created in the purification circuits of the Placid line can be further processed in the pyro line, whereas the fumes, drosses and slags created by the pyro line can be fed into the Placid line for further lead extraction. Overall, the amount of waste that must be disposed of is at most half as big as what is currently discharged by a conventional pyro-metallurgical line and the lead recovery exceeds 99 per cent.
The environmental merits of such approach can be summarized as follows:
·  The gypsum formed in the Placid process contains up to 1.5% lead, but classification tests have shown it is not hazardous.

·  The only gas released from the Placid Process is oxygen.

·  Lead is wetted in every part of the process – and there is no generation of dust.

·  With the reduced temperature of operation in the combined process the need for high temperature is eliminated and consequently this leads to reduced air borne lead pollution.

The economic advantages are as follows:

·  The energy consumption is 1,300kwh per ton of lead, compared to 1,400 to 2,000 kwh for pyro-metallurgical processing.

·  The operating cost of a Placid plant is lower than its pyro-metallurgical equivalent and with a combined Placid/Pyro process the operating cost is likely to be halved.

·  Production and capital cost estimates have been made based on an annual capacity of 25,000 tons of refined lead output. Given the lower pollution control and abatement costs of the placid process, plant size is much more flexible than under pyro-metallurgy where a minimum capacity of about 15,000 metric tons of refined lead output per annum is required. 
·  Operating costs have been estimated at about US$160 per ton of lead.

·  The pay back period is approximately 3 ½ years.

Further development of the Placid Process by Tecnicas Reunidas has led to the development of the Plint Process ('Plint' standing for "Placid Intermediary") without any requirement for electro-winning.
In the Plint process, the leachant is converted to a solid charge (Lead Hydroxide) required for the Smelting Furnace. The leaching residue is gypsum, a marketable product. The waste acid from the batteries is used in the process itself, thus virtually eliminating all landfill problems. There are no pollutants originating in this process.

Lead recovery from wastes is around 99.8%, with a purity of lead produced at 99.9 %. The energy requirement is at 30 kwh per ton of lead produced, at an expected investment level of USD2.5 - 3.0 million (excluding the pyrometallurgical line) for an output level of 6000 metric tons per year .
Comparing Placid with Plint, against the levels of investment, and the energy requirements, it is felt that the Plint process could be the ideal choice for the small and medium enterprises under conditions prevailing in India. It may even motivate clusters of informal sector units to group together and collectively opt for this technology.
An important issue is the accessibility of the Placid and Plint technology. Having learnt from past experiences on industrial piracy, the consortium owners of the Placid and Plint process seem to be unwilling to agree to an outright sale of the process. Indian smelters would therefore have to consider a joint venture with the owners of the Placid and Plint process. This would limit the use of the process where it is probably most needed.
The creation of joint ventures may however avoid the payment of royalties. If they had to be paid, it would require that the Indian recyclers generate sufficiently high profits, which is far from certain under current market prices for battery scrap in India.
(4) ENVIRONMENTALLY SOUND TECHNOLOGIES REQUIRE A PACKAGE APPROACH

In screening new eco-friendly technologies, one should not lose sight of the fact that ESTs as an issue need to be put into a package of measures which, besides measures at company level, will have to be based, at least in part, on  restructuring the lead recycling industry aimed at optimising resource management costs.
Addressing the problems caused by battery reconditioners and backyard (s)melters in the informal sector takes a medium- and short-term strategy. In the short term, assistance needs to be provided for improving their environmental and occupational performance, based on low cost technology and information campaigns. The National Metallurgical Laboratory in Jamshedpur is working in such direction and, if required, further assistance can be provided by the International Lead Management Centre and UNCTAD, which are currently conducting a similar project in the Philippines.

In parallel, a medium-term approach has to be launched which may be based on a combination of constructive and repressive measures. The repressive measures concern several clusters of activities. One cluster undermines battery demand which is currently met by the informal sector. This includes the production of a low price battery line which can compete with the bulk of reconditioned batteries. Furthermore, the development of batteries with a much longer life will also progressively discourage consumers from buying reconditioned batteries. In addition, the government will have to take and enforce some regulatory measures to restrain the activities in the informal sector. This concerns the closure of units operating in vulnerable environments, such as inner city areas. Furthermore, reconditioners and backyard (s)melters without a valid operating permit shall be banned from bidding at scrap battery auctions.

It is important that regulatory and economic measures are taken in tandem, because a tight regulatory and enforcement approach is in itself unlikely to be very effective in the medium-term.
The constructive approach towards the informal sector concerns the gradual conversion of reconditioners and backyard (s)melters into collection and servicing points for licensed secondary smelters. In this context, it is also worth considering the formation of a collection consortium, rallying the licensed secondary lead smelter, battery manufacturers and scrap dealers. The consortium could review the need for a collection tax being imposed on new battery sales to cover part of the collection and transport costs of scrap batteries as well as to allow improvement of collection infra-structure. 
The formal recycling sector is likely to be very reluctant to accept a prescriptive approach on the kind of new technology to be employed by individual companies. Such decisions will be taken by the companies on the basis of their investment plans, technical expertise, current environmental performance and access to relevant information through international corporate parternships. Besides the measures outlined above, the government can encourage the use of new technologies by offering some special incentives, such as duty-free import of related capital goods and their exemption form purchase and sales tax. Besides the technological and economic aspects of the use of ESTs, there is also the need to launch an awareness campaign among the general public. Unlike most OECD countries, India does not have any awareness programme highlighting the dangers of dumping or improper treatment of discarded vehicle and other batteries. Efforts should be made in the following directions: 
·  Awareness programme about the harmful effects of batteries if discarded as waste.

·  Educating people about the recoverable elements of batteries and safety precautions that should be taken in battery manufacturing or in lead recovery operations.

·  Education programmes could commence as part of school education programmes & advertising on radio, television and newspapers. Ultimately this should be enforced by a statutory government regulation.

(5) CONCLUSIONS

The provisions on access to and dissemination of ESTs to developing countries in the Basel Convention have not yet had any bearing on reduction, management and recuperation methods of vehicle battery waste in India. This is particularly problematic in the light of the fact that India has already self-imposed an import ban on battery scrap. The sub-regional center on training and technology transfer for South Asia, envisaged to be located in India at the Asian and Pacific Centers for Transfer of Technology of ESCAP in New Delhi, is not yet operational.

Development, dissemination and effective use of ESTs should not be uncoupled from the business and investment prospects in the respective industrial branch. Effective use of ESTs further requires that such technologies are flexible enough to be tailored to different production capacities and very volatile international commodity prices, the most important production cost item. Prescriptive approaches on the transfer and use of ESTs therefore are unlikely to be very effective.

The use of ESTs by the principal battery recyclers is a function of available capacity and its utilization in the wake of a restructuring of the industry; scrap feedstock supply is the most critical variable in this regard. In essence, the development, dissemination and effective use of ESTs has to be part of a package of measures for restructuring the recycling industry, to make recycling ecologically and economically viable. 
Collection of scrap batteries by the formal recycling sector needs to be significantly improved. This requires foremost a coherent policy of regulatory and market-based instruments towards downsizing the battery reconditioners and backyard (s)melters in the informal sector and their gradual integration into the collection infra-structure of the licensed battery recyclers. In the short term, informal sector units need technical advice on inexpensive ways of improving their environmental and occupational health performance. There is a need for developing a comprehensive awareness programme emphasizing the environmental and associated health problems caused by uncollected or unsafely treated scrap batteries.

The demand prospects for new vehicle batteries in the medium-term are very good. Most battery manufacturers and secondary lead smelters therefore will have an interest in using ESTs. Shortage of scrap feedstock and very low international lead prices might however require some government support for facilitating capital goods imports. Depending on the pace of improvement of domestic collection of battery scrap, there might be the need for some import of lead, either in primary or secondary form, to bridge the domestic supply-demand gap and drastically reduce domestic prices of lead scrap. The Placid/Plint process, the most attractive new technology currently available, might only be accessible under very specific conditions. It remains to be seen whether these conditions are acceptable to Indian recyclers. 
