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ABSTRACT 

Globalization has prompted companies to start worrying about competition, client satisfaction 

and accountability to the consumer market. To minimize costs and improve their image towards 

consuming and exporting markets, the battery manufacturers started looking for more 

environmentally-friendly, sustainable development-oriented alternatives. Reversed logistics 

appears to be a satisfactory alternative to face expectations of the automotive battery 

manufacturers but, for this model to reach the desired standards, it is necessary to study the 

availability of residual material in this industry. The objective of this article is to describe the 

reverse logistics practices adopted by the battery manufacturers in the São Paulo central-western 

region (Brazil), proposing a reverse logistics model to the small manufacturers of this product 

combining economic development with environmental preservation to converge to an 

environmentally friendly context. 

Keywords: Reverse logistics, environment, sustainability, competitiveness. 

 

1 INTRODUCTION 

The last decade of the 20th century was marked by the globalization of environmental issues and 

of the fight on waste. Any human activity cannot lack three basic references: environment, waste 

and education. 

In the environmental issue, recycling is the main element in minimizing the demand for common 

residues of the consumption of very important products, such as the chemicals used by 

transformation industries like the automotive battery industry. The demand for automotive 

batteries is growing in Brazil and in the state of São Paulo, due to the growth of the automotive 

industry and the introduction of new brands in the market. 

CONAMA - Conselho Nacional do Meio Ambiente (National Environment Council), through 
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Resolution n. 257, published in 1999 and enforced in 2000, tells companies to provide an 

environmentally appropriate destination to lead-acid batteries and the end of their lifecycle. To 

regulate this rule, it was necessary to create a program (PRAC- Programa de Responsabilidade 

Ambiental Compartilhada [Shared Environmental Responsibility Program]) that would set the 

norms for collecting these batteries according to the environmental standards, developing 

procedures to help companies adapt to the resolution.  

Initially, companies saw these procedures as a consequence of the need to reduce imports of this 

secondary raw material into the country, stimulating battery recycling, managing internal 

efficiency and creating new businesses. 

Through research, the behavior of the companies that sold the product with no specific 

environmental standards criteria can be analyzed.  The program includes raising the companies' 

awareness of the hazards that inadequate discharge imposes on the environment. 

The concept of a product's life, usually referred to as lifecycle, includes the interaction between 

the several stages of its life. All stages of a product's life interact with the environment, 

provoking environmental impact due to the extraction of natural resources and the generation of 

residues and waste. 

For Leite (2003), the recycling system adds economic, ecologic and logistic value to the post-

consumption goods, creating conditions for the material to the re-integrated to the productive 

cycle and replacing new raw materials, thus generating reverse economy. 

Recycling the product involves preserving the lead, transforming it into secondary raw material, 

preserving the acid solution and recycling the plastic polypropylene container. In this process, 

each material is assigned to the corresponding entrepreneur: the used batteries are sent to the 

recycler, who has legal authorization and professional capacity to open the batteries and recycle 

the lead, forwarding the products to the companies that will continue the process. 
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The return of used batteries to the production cycle is called Reverse Logistics, and it includes 

and the processes described in logistics, but reversed, that is: any given product has a lifecycle, 

that includes extracting natural resources, processing, manufacture, usage and consumption, post-

consumption (re-use and recycling) and final disposal. 

Thus, battery production involves several different processes, lead being the determining raw 

material in the product, which adds a high cost to the product, considering that it is a scarce raw 

material. The battery manufacturers had to innovate, proposing viable alternatives to reduce this 

cost, and reverse logistics was one such solution found by the manufacturers. 

Many entrepreneurs discovered a business opportunity in reverse logistics, because a society's 

richness is measured by the entrepreneur's capacity of producing, in sufficient quantities, the 

goods and services necessary for people's well-being. It is believed that the best resource to solve 

severe socioeconomic problems is to release the creativity of entrepreneurs, through free 

initiative. 

Dornelas (2001), characterizes the entrepreneur as the person who detects an opportunity and 

creates a business to capitalize on it, assuming calculated risk. 

In the case of the battery industry, these opportunities appeared because of the scarcity of the 

primary raw material: lead, of which the production is declining with the depletion of lead mines. 

Thus, the used batteries go through the recycling process and originate secondary raw material. 

The objective of this work is to describe the management and manufacturing activities of 

automotive batteries, by studying the reverse logistics chain of this product in the central-western 

region of the state of São Paulo, pointing out the existing difficulties in control and proposing 

continuous improvement based on the collected data. 

The work consists of a descriptive, exploratory survey, with the presentation of qualitative and 

quantitative data for better demonstration of the obtained results. 
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2 LITERATURE REVISION  

2.1 The automotive battery product  

NBR 7039 (ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS [BRAZILIAN 

TECHNICAL STANDARDS ASSOCIATION], 1987), defines lead-acid batteries as sets of 

rechargeable electrical accumulators, conveniently interconnected, built and used to receive, store 

and release electricity through chemical reactions involving lead and sulfuric acid. 

CEMPRE - Compromisso Empresarial para Reciclagem (Enterprise Recycling Committee), 

presents the basic components in a battery: positive and negative plates made out of an alloy, 

onto which a PbO (lead oxide) paste is applied, and other substances that will respond for certain 

reactions. The plates are positive or negative, and are responsible for accumulating and 

transmitting the electric current. The polyethylene dividers are envelopes to prevent direct contact 

between positive and negative plates, avoiding short-circuit. The boxes are made of PP 

(polypropylene) plastic and keep the elements of the electrolytic solution. The connectors connect 

the electric/electronic circuits to the battery's tension poles to feed them. The electrons circulating 

from the negative to the positive pole are called electric current. 

Table 1 describes the components and the percentage used of each component in making an automotive battery.  

 
Components of batery  

Active mass. (PbO + PbO2) 38.5 % 
Ácid (H2O+ H3 SO4) 20.0 % 
Lead metal (Pb) 27.7 % 
Grids  1.4 % 
Separators  4.9 % 
Case  7.5 % 

 

Source: Lead Development Association International (LDAI 

Considering the participation of lead in the active mass (lead oxide and lead dioxide) and in metal 

lead, recovering this material from used batteries has been an increasingly important subject in 
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the last few years. This happens because at least three-quarters of all the materials can be 

recycled, thus, lead from recycled batteries (secondary raw material) is a cheap replacement for 

primary lead, which is produced in the natural environment. 

According to CEMPRE, Brazil is not a producer of primary lead, and depends 100% from 

imports to supply the demand. With the Basel Convention, lead-acid batteries were classified as 

dangerous waste and as such, their international commercialization was affected. There was 

significant impact in the economy related to this metal, since the price of the primary metal is 

superior to that of the recycled metal. This fact, together with the promulgation of specific 

regulations, favored the growing demand for lead recycling in this country. 

LDAI (Lead Development Association International) highlights that lead recycling is a common 

practice in almost all countries, mainly because world production of the lead mines is diminishing 

(Fig. 1), and the whole production is consumed by manufacturing industries, specially batteries 

manufacturers, who account for about 70% of the total consumption. 

 

Figure 1 - Global Lead Mine Production: Metal Production And Metal Consumption  

Source: Lead Development Association International 

2.2  Logistics 

For Ballou (1993), Logistics is the branch of military science that deals with obtaining, 
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maintaining and transporting materials, people and facilities. 

According to the Brazilian dictionary Aurélio, Logistics comes from the French logistique and it 

can be defined as the part of the art of war that deals with planning and carrying out projects and 

developing, obtaining, storing, transporting, distributing, repairing, maintaining, and evacuating 

materials for operational or administrative purposes. 

In the dictionary, the definition refers logistics the the military context, which does not reflect the 

essence of business logistics management, since the objectives and the activities of companies are 

different from the ones in the military. 

For centuries, Logistics has been associated only to military activity. However, after WW2, with 

more advanced technology, logistics came to cover other branches of military administration, and 

was incorporated to civilian administration. 

Christopher (1997) expresses the concept of organizational logistics by defining it as the process 

of strategically managing the acquisition, moving and storage of materials, parts and finished 

products (and the flow of related information) through the organization and its marketing 

channels, so as to maximize current and future profitability by serving orders at a low cost. 

Logistics, of Logistic System, involves the integration of information, acquisition of raw 

materials, transportation, stocking, storage, manufacture, material handling, packaging and 

commercialization, adding value when the stock is correctly located to facilitate service. 

Logistics is the part of the supply chain process that plan, implements and controls the efficient 

and effective flow and storage of goods, services and related information, from the origin to the 

consumption point, with the objective of attending to consumers' requirements. (CLM, 1999, 

apud CAVANHA FILHO, 2001). 

The Council of Logistics Management (CLM) defines Logistics as the part of supply chain 

management that plans, programs and controls and efficient and economic flow and storage o raw 
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materials, semi-finished and finished products, as well as information related to them, from the 

origin to the point of consumption, to attend to clients' demands. 

For the Brazilian Logistics Association, logistics is defined as the process of planning, 

implementing and controlling efficient and low-cost flow and storage of raw material, processing 

stock, finished products, and related information, from the origin to  the point of consumption, 

with the purpose of attending to client's needs. 

There are several definitions of logistics, and one of the shortest ones says that logistics is a 

network of facilities assembled to move materials or finished products. Another interesting and 

more comprehensive definition says the following: it is the process of planning, implementing 

and controlling the flow and storage of raw materials, processed inventory, finished products, and 

related information from the origin to the point of consumption according to the client's 

requirements. 

2.3  The logistics chain 

Considering that the needs arise from the desire of acquiring products, and that these needs are 

renewed depending on the circumstances, demanding that the producer provide product 

diversification to serve different needs. Thus, products are planned to satisfy clients' needs, and 

therefore the supply chain starts with the client. 

The Supply chain flows continually, encompassing all the stages directly or indirectly involved in 

serving a client's order. 

Thus, for Chopra and Meindl (2003), a supply chain is dynamic and involves a constant flow of 

information, products and money among the different stages, such as: clients, retailers, 

wholesalers, distributors, manufacturers, parts and raw materials suppliers. Each link of the chain 

executes different processes, interacting with other links in the chain. 

Suply Chain Management is the set of organizations that establish relationships, adding value in 



 8 

customer 

supplyer 

manufacture 

manufacture 
 

distribution 

distribution 
 customer 

customer 

customer 

the form of products and services – from the raw material suppliers to the end consumer, 

presented in figure 2. 

 

 

 

 

 

                       

Figure 2 - Estages Suply Chain 

Source: Chopra E Meindel (2003) 

Chopra and Meindl (2003), say the objective of every supply chain is to maximize the global 

created value. The value created by a supply chain is the difference between the value of the end 

product to the customer and the effort of the supply chain in serving that order. 

In the battery industry reverse logistics, the consumers are raw material suppliers themselves; 

through recycling, the used battery is developed into secondary raw material, to make a new 

battery. 

In most companies, management of the supply chain requires the operation of a network of 

manufacturing and distribution facilities. The activities of the supply chain involve procurement, 

manufacturing, logistics, distribution, transportation and marketing. 

2.3 Reverse Logistics 

The activities in logistics have increased with the change in client profiles - they now demand 

product delivery in less time, with total safety and quality. For this new client format, the supplier 

is not only worried about guaranteeing the product to the client, but also from the immediate 

reverse point, if necessary. 
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CLM (1993) defines reverse logistics as an encompassing term related to abilities and activities 

involved in managing reduction, movement and disposal of residues from products and 

packaging. 

Rogers and Tibben-Lembke (1998), adapting the CLM definition, define reverse logistics as the 

process of planning, implementing and controlling the efficiency and the effective cost of the 

flow of raw material, stocks under processing, finished products and the corresponding 

information from point of consumption to the point of origin, to re-capture the value or destine it 

to the appropriate disposal, as in figure 3. 

 

Figure 3 – Reverse Logistics Process 

Source: Roggers e Tibben-Lembke (1999). 

Leite (2003) understands reverse logistics as the area of organizational logistics that plans, 

operates and controls the flow and the corresponding logistic information, in returning post-sales 

and post-consumption goods to the business cycle of the production cycle through reverse 

distribution channels, adding value of different types to them: economic, ecologic, legal, logistic, 

of corporate image, and others. 

To operate this new flow of materials in organizations, there is reverse logistics, a new branch of 

organizational logistics that comprehends the moving of post-consumption materials (at the end 
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of their lifecycle and industrial waste) and post-sales material (returned due to commercial errors, 

warranty problems, and others) from their disposal by the end consumer to their reintegration to 

the business cycle, without causing greater environmental impact. 

In the case of batteries, after recycling, they go back to the productive cycle, adding value to 

business, through reverse logistics or post-consumption logistics, and therefore the product's 

lifecycle does not end once it has reached the end consumer. So, one can say that recycling is the 

reverse channel of reverse logistics, because it adds value to the product after it has been used. 

For Leite (2003), the post-sales goods are returned for different reasons and, in great part, they 

use their own direct distribution channels, while post-consumption goods have their own 

organization which gives birth to the reverse supply chain, according to the flowchart presented 

in figure 4. 

               

  

  

  

 

  

  

  

 

  

  

                                    Figure 4 – Post-Consumption Reverse Logistics Flowchart 

Source: Leite Consultorias 
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Reverse logistics includes processes for developing merchandise, inventories, replenishment, 

revocations and excess inventories. It also includes the recycling programs, hazardous materials 

programs, equipment disposal and resource recovery. 

According to Hamel (2003), in post-industrial economy, companies shall present new ways of 

managing their businesses to guarantee profit and increase the value of stocks, not only reducing 

cost, but merging with competitors to acquire products with better prices, repurchase of stocks 

from the market. 

The battery product fits into this innovation, in a new category of thinking, using creativity, 

searching for continuous improvement, transforming materials and creating new technology.  

2.4 Recycling 

Returning raw material to the production cycle is called recycling. The work appeared in the 70's, 

when environmental concerns started to rise, specially after the first oil crisis, and recycling 

became a strategic measure. Recycling industries are also called secondary, because they process 

recovered raw materials. 

Grimberg and Blauth (1998) say that recycling means bringing disposed of products back into the 

production cycle, using them to produce new objects. Recycling is responsible for separating 

waste and classifying as: disposable (those that cannot be re-used) and waste, that can be re-used. 

There are a lot of misconceptions about the concepts of waste and residues, which can vary 

according to time and place depending on legal, economic, environmental, social and 

technological factors. 

For Calderoni (2003), the definition and concepts of 'waste', 'residue' and 'recycling' differ 

depending on the situation in which they are used. Their usage in the everyday language, 

actually, is different from other definitions in the institutional context or according to their 

economic meaning. In everyday language, the word residue is seen as a virtual synonym to waste. 
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Waste is any type of useless material, any disposed materials put in a public place. It is an object 

or substance considered useless, or whose existence in a certain environment is considered 

hazardous. 'Residue' a word often used to mean waste in the production process, usually 

industrial. 

According to Manzini and Vezzoli (2005), recycling involves two different processes: recycling 

in a closed ring, which is a system where recovered materials are used in place of virgin 

materials, to produce the same products or components from where they came; and open ring 

recycling, where materials are forwarded to the production of something different from their 

origin. 

Focusing on batteries, CONAMA - Conselho Nacional do Meio Ambiente (National Environmen 

Council), through Resolution n. 257, June 30 1999, establishes that industrial batteries made out 

of lead, cadmium and alloys thereof, destined to telecommunications, electrical plants, systems 

for continuous energy supply, alarm, security, transportation of cargo or  people, diesel engine 

startups and general industrial usage, after being depleted, should be delivered by the user to the 

battery manufacturer or importer or distributor.  

According to ABINEE - Associação Brasileira da Indústria Elétrica e Eletrônica (Brazilian 

Association of Electric and Electronic Industries), the following battery recycling stages can be 

identified in a recycler's battery scrap grinder: the separation of polyethylene, the recycling of 

polypropylene and the recycling of lead. 

Lead goes into a separator to diminish impurities. After purification, it is molten in high 

temperature furnaces. The molten product is poured into a refining crucible and shaped into 

ingots that are stored and sold as secondary raw material. 

We know that the beginning of the recycling process is in the origin or creation of the products, 

because consumption comes as a consequence of putting the products in the market, which 
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generates a lot of residues, jeopardizing the environment and the existence of life in the planet. 

Considering the issue of growing residue production, there is a lot of concern from public and 

private companies to search for alternatives, through projects and studies, to minimize the 

production of residues and re-use raw materials for new products. 

3. Managing of the automotive batteries Reverse Logistics chain 

For Johnson and Pyke (1999), Supply Chain Management – SCM concerns the managing of 

material, information and funds flow through the whole supply chain, from the suppliers to the 

component producers, including the final assemblers, distributors (wholesalers and retailers), 

finally reaching the end consumer. 

Management of the operations in reverse flow of automotive batteries is part of Product Recovery 

Management – PRM. 

For Thierry et al., apud Krikke (1998), PRM is defined as the management of all products, 

components and materials used and disposed of for which the manufacturer is legally responsible, 

by contract or any other reason. 

The objective or PRM is to recover, as much as possible, the economic and ecologic value of the 

products, components and materials. 

According to Thierry et al., apud Krikke (1998), PRM includes six very important areas form 

organizations: Technology, Marketing, Information, Organization, Finance and Reverse 

Logistics, and Operations Administration. 

Based on the post-consumption logistics process, automotive batteries manufacturers have 

developed a reverse logistics flow, presented in figure 5. 
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Figure 5 – Reverse Logistics Flowchart of battery manufacturing 

Source: Tudor battery manufacturer 

In the automotive batteries reverse logistics chain, different activities in the production chain are 

performed by the following parties: 

�   Consumers – receiving the scrap after the product is exchanged in retailers or service 

stations. Consumers are oriented by information leaflets supplied by the manufacturers, 

about the problems of lead residues and its specific policy of disposal - returning batteries 

to the manufacturer. 

�  Service Providers – buying battery scraps to rebate on the salling price of new products. 

�  Retail – sends the scraps to the regional manufacturers or distributors' warehouses, and 

they must receive the used materials from all manufacturers. 

�  Regional Warehouses or Distributors – forward the scraps to the manufacturer or 

directly to the lead recycler. 
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�  Recycler – separates plastic boxes, that are sent to the manufacturers of the battery 

containers, from the lead, that is sent to battery assembling plants. 

 Lead recycling consists of two conventional pyrometallurgic processes, that are not 

environmentally aggressive: electrohydrometallurgy and alkaline fusion. 

The electrohydrometallurgic process consists of reducing the size of the lead compounds particles 

and lixiviate them in an acid ferric fluoborate solution. At this point, lead is dissolved and the 

ferric ions are reduced to ferrous ions. The solution resulting from the lixiviating is pumped to the 

cathode compartments of a diaphragm electrolytic cell in which metallic lead is deposited in 

stainless steel cathodes in a compact and pure form. The solution with Pb2+ ions impoverishment 

is then sent to the anode compartments of the same cell where, in the anode surfaces, the 

oxidation of ferrous ions into ferric happens, returning to the lixiviation phase. 

The alkaline fusion processes consists of putting cast caustic soda, sulphur and lead compounds 

in a reactor at temperatures between 600 and 700 ºC. The result is metallic lead together with cast 

salts of sodium, metal sulphides and sludge. The cast lead is processed, resulting in sludge, metal 

sulphides, caustic soda and sulphur. Caustic soda and sulphur go back into the reactor. 

These new processes are environmentally correct with no severe pollution by Pb and SO2, and the 

metallic lead obtained is purer than that from the conventional process. 

Considering the negative impacts on the environment, frequently caused by inadequate disposal 

of used batteries, it is necessary to discipline disposal and adequate management of these material 

regarding collecting, reutilization, recycling, treatment or final disposal. 

�   Plastic boxes recycler – manufacturing new products, returning them to the 

manufacturer to assemble the final product. The remaining residue from the manufacture 

process is sent to a specific landfill. 

�  Manufacturer  – receives the secondary raw material (lead) and puts it back into the 
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production process to make a new battery. Logistics processes a re-started. 

3.1 Competitiveness through Reverse Logistics in the automotive batteries industry 

According to Churchill (2000), organizations need to develop new products to survive and 

prosper. Due to fierce competition in the whole world, companies that do not innovate will 

doubtlessly lose terrain to those that find better ways of creating value for the clients. 

Reverse logistics can e used strategically to maintain consumer loyal to their respective suppliers. 

The ability of the supplier to provide quick return of faulty products, giving credit to the 

consumers after they have used the goods, as in the case of batteries, is one of the several ways of 

captivating consumers and making it harder for them to depart. Studies indicate that good 

management of these returns can increase profit in up to 25%, as well as improving the 

company's image concerning environmental issues. 

For Leite (2003), the post-sales goods are returned for different reasons and, in great part, they 

use their own direct distribution channels, while post-consumption goods have their own 

organization which gives birth to the reverse supply chain. 

We can see this reverse logistic flow in figure 6 and in almost all market segments, because there 

is constant returning of merchandise for several reasons. 

      

       

 

 

 

 

Figure 6 – Goods recovery subsystems 

Source: Leite (2003) 
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For Leite (2003), the advantages presented by Reverse Logistics in the automotive industry are: 

a) Cost reduction – The processes of reverse logistics have brought considerable return for 

companies. Reuse of materials and economy with returning packaging has brought gain that 

stimulate further initiatives and efforts in developing and improving the reverse logistics 

processes. 

b) Competition – Clients value companies that have product returning policies, because this 

guarantees them the right to return or exchange products. This process involves a structure to 

receive, classify and deliver the returned products, as well as a new process in case this product is 

re-sold. 

c) Environmental issues – there is a clear tendency of environmental legislation to make 

companies more responsible for the whole lifecycle of their products. 

The reverse logistics process as to be sustainable, because it deals with issues much wider than 

simple returning. The materials involved in the process usually go back to the supplier, are 

resold, reconditioned, recycled or just disposed of and replaced. 

According to Prahalad (2003), competing for the future means to maintain continuity by 

constantly creating new profit forms. More than tactic or operational actions, strategy represents 

the path the company will take in the next years. These strategies used to consist of the basic 

functions of business, such finance or marketing. As from the 70's, some companies started 

noticing that logistics could be part of a strategic area. 

4. DISCUSSION OF RESULTS  

The region defined by CIESP - Centro das Indústrias do Estado de São Paulo - Regional Bauru 

(Center of the São Paulo State Industries – Bauru Regional), as the center-west of the state of 

São Paulo (Brazil), includes 16 municipalities: Agudos, Arealva, Avaí, Balbinos, Bauru, Borebi, 

Cafelândia, Guarantã, Iacanga, Macatuba, Pederneiras, Pirajuí, Piratiniga, Pongaí, Presidente 
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Alves, Reginópolis and Uru. 

The automotive plants in this region include large, medium and small-sized manufacturers, 

guaranteeing a monthly average production of one hundred and twenty thousand units. Large and 

medium-sized manufacturers have the technology of manufacturing, quality and production 

control, appropriate equipment, trained personnel and environmental concern. 

 The small manufacturers' production is not very significant, because they have a lot of problems 

such as: obtaining raw materials, lack of computerized systems, lacking methodology to define 

the productive process, lack of knowledge about the possible consequences of lead. We can also 

verify that these small manufacturers do not monitor polluting elements in the manufacture 

process, the volume or the effects of such pollutants in the industrial environment and the 

external environment. 

 They judge worker safety and environmental issues as not very significant for the process, as can 

be seen in figure 7, where inappropriate disposal of lead can be seen. 

 

Figure 7 – Disposal of lead residues from used batteries 

In the production process, there is no flowchart of operations to impart more flexibility to tasks. 

The processes are randomly executed and there is no adequate physical location to store the end 

product, as seen in figure 8. The lack of raw material stock planning often leads to interruption in 

the production process, jeopardizing delivery and customer loyalty. 
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Figure 8- Automotive battery production process 

The logistics system is chaotic, due to the lack of knowledge about process management to 

correctly channel activities for the operational results. All sectors of industrial operation are 

critic, and need follow-up to periodically assess the polluting potential of the plant (gas 

effluents), mainly those causing greater damage to workers' health because they are not noticed 

or ignored by the workers, as can be seen in figure 9. 

 

Figure 9 – Storage of the acid solution 

Even with all the difficulties concerning the sustainability of their business, small and large 

manufacturers know the high market value and the difficulties of obtaining lead, which is 

indispensable for producing batteries. 

Central-western São Paulo also hosts a company that manufactures and recycles battery boxes, 

which today are produced in PP (polypropylene) plastic, adding value to the region's productive 

process. Their production is very significant for the internal and external markets, corresponding 

to a monthly average of 420 tons of battery plastic boxes. 
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In this competitive scenario, where large and medium-sized battery manufacturers control the 

market, the small ones fing great difficulties in establishing as competitors, due to product 

quality, poor purification of the active mass (PbO + PbO2) and difficulty obtaining metal lead, as 

shown in figure 10. 

 

Figure 10- Manual recycling of metal lead 

Table 2 represents the average monthly collection of used batteries from a sample of 5 plants in 

central-western São Paulo state, demonstrating the problem with small manufacturers, who have 

little or no interest in the Brazilian regulations about certain cares regarding manufacture, storage, 

transportation, packaging and final destination of lead residues, often disposing of them in the 

rivers. 
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Table 2 - Monthly average battery recovery 

 

 

Monthly average used battery collection 

 

 

 

 

Manufacturer 

 

 

 

Size 

 

 Average 

monthly 

production  

(units) 

 

 

(Kg) 

 

Number of batteries 

(average weight: 

10.5g) 

 

%   

    Collection 

A Large 158. 000    1. 103. 000         106. 000          67 

B Medium 112. 000        925. 900           88. 180          79 

C Medium  85. 000        680. 700           64. 828          76  

D Small    1. 025            3. 800                 362          35  

E Small        540            1. 600                 155          28 

F Small        126                933                   89          71  

 

Monthly average  

    

  59.449 

        

  452.655 

          

            43.269 

 

       73% 

 

By analyzing the above table, we can see the applicability of a reverse logistics program by 

automotive battery manufacturers, because an average of 73% of used batteries are collected, 

going back to the production process.  

 Large and medium-sized manufacturers understand that collecting used batteries is essential for 

the reverse logistics process, for lead recycling, besides favoring environmental issues, is also 

financially rewarding for the company, considering the scarcity and the cost of natural lead. 

One notes that small manufacturers acknowledge the importance of used batteries, as 

demonstrated by manufacturer "F" that, besides recycling, also sell the remaining scraps to 

material distributors. 

The survey also demonstrated that there is a significant loss of raw material (Figs. 7, 8 and 10) 

and incorrect handling of used batteries on the part of small manufacturers. 
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Reverse logistic flux 
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4.1 Improvement proposal 

For good enterprise management, it is necessary to consider all the fields of administrative 

knowledge, that is, the basic stages of the administrative process must be fulfilled, such as: 

market analysis, public profile, procurement and stock, cost and pricing, cash flow, balance point, 

tax planning, commercial structure, human resources policy, and information technology. 

In the proposed study, some points regarding the direct and reverse logistics processes are 

highlighted, as practiced by the small automotive battery manufacturers in central-western São 

Paulo state, according to figure 11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 - macro flow of the proposed model for small automotive battery manufacturers 

In the macro flow of the proposed model for small automotive battery manufacturers, we have: 

Stock – the sector responsible for receiving the returned raw materials (scrap), sent by the end 
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client and by points-of-sale. They also store the finished product to be distributed in the market. 

In stock planning, consumption controls established by monthly demands are described. This 

demand is obtained by registering the item, for direct logistics as well as for reverse logistics, 

highlighting the consumption of components and return of used material. 

Procurement – this sector is responsible for buying components and scrap, item used to 

manufacture the products. Tasks to be performed in this stage: registering suppliers, quotation, 

registering carriers, analyzing the cost of tax and the cost per unit of the product to establish the 

sales price. 

The objective of stock management is to keep the material service in the company at 

economically satisfactory levels, and to control the returned material (scrap). 

Transportation – with the help of transportation means, the product will be distributed in the 

market, and the carriers and independents freight carriers are registered. 

It should be observed that several clients acquire the product directly from the manufacturers. 

Sales – he objective of this sector is to protect the company's profit margin, guaranteeing 

significant profit. Tasks to be performed in this sector: client registering, sales pricing, point-of-

sales registering, etc. 

Using information technology, through UML – Unified Modelling Language, we intend to create 

a model to integrate the management data from the applications used. The implementation 

consists in organizing historical data and corporate information such as: product and services 

negotiation, so as to generate subsidies for decision making in small automotive battery 

manufacturers, identifying the market tendencies and their positioning regarding competitiveness, 

maximizing their profit and minimizing the error rates in decision making. 
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The computerized process will consist of the following stages: fact finding and process analysis; 

defining the database and process modeling; modeling the information flow, developing 

programs, implementation, training and tests, system validation. 

Through data finding and periodical feeding of the developed system, it is possible to extract the 

reports, that will serve as bases to outline a strategic plan that allows more profitability to the 

production process and the minimization of environmental impact related to the recycling chain 

of automotive batteries. 

5 FINAL CONSIDERATIONS 

Our era is market by a reduction in products' life cycle, requiring companies to innovate their 

strategies and forcing reverse logistics as a co-value creation source. We note that battery 

manufacturers already practice reverse logistics due to the need of preserving raw material, and 

the most relevant issue for central-western São Paulo state battery manufactures is the lack of a 

well-define model of the reverse logistics procedure, mainly with small manufacturers whose 

processes do not characterize the stages of the main pollutant and neither the viability of 

business. 

It is considered that good management of the reverse logistics chain, as well as analysis of the 

sector, needs an information system to support organizational changes and make it possible for 

activities of the reverse logistics system to be correctly managed. 

The control of enterprise logistics, in many companies, is executed by computer systems that 

control the logistics and stock processes, allowing greater replenishment speed. 

In the case of used batteries, return is not always a linear process - batteries may be sold as a part 

of another product and not always by the same manufacturer. The return or disposal occurs a long 

time after sales have taken place e through several channels. Large companies have 

environmental management facilities with internal strategic planning, focusing the following 
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items: client awareness-raising, when they are not familiar enough with the subject, legal 

documents that are part of the process, instructions for storing batteries, safe collecting and 

transportation procedures. 

For Rogers and Tibben-Lembke (1998), the greatest problem in reverse logistics management is 

in the lack of ready-made computer systems and the need to develop proprietary systems, where 

companies try to make use of the enterprise logistics systems to carry out the necessary controls 

when managing reverse logistics chains. However, the control types demanded in enterprise 

logistics are different from those in Reverse Logistics, because they are distinct processes. 
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