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 “Meeting the needs of the present generations without compromising the ability of future generations to meet 

their own needs” 

-World commission on Environment & Development 

 
Abstract- E Waste is largely generated by computers, its peripherals and mobile phones and with technology changing 

rapidly the obsolesce of these products is equally fast. In 2018, the amount of E Waste globally generated rose to 49 metric 

tons, making E Waste Management an area of global concern. In India the situation is far more complex because firstly 

the quantification and quality of this waste is not available and secondly without any regulatory mechanism most of the 

recovery is done in the unorganised sector, with harmful repercussions.  This paper on E Waste Management attempts to 

identify the quantum of the problem, its impact on health and environment before suggesting possible changes in 

manufacturing processes and regulatory revamp.  
 

I. INTRODUCTION 

With the growing technological advancements in the field of Electronics and Instrumentation, manufacture of 

Electrical and Electronic products has undergone a phenomenal growth. Kurian Joseph in the „11th International 

Waste Management and Landfill Symposium‟ in the year 2007, stated that “it has provided a forceful leverage to the 

socio - economic and technological growth of a developing society.” The electronic industry provides us with the 

multiple devices as an outcome of technological advances and these are an integral part of our daily life, even 

though we have not been able to exploit their full potential sustainably. These products are being consumer driven 

and are characterized by large number of factors more importantly improved performance, low cost and continuous 

advances. However, with each new upgrade come rapid product obsolescence and new challenges - „Electronic 

Waste‟. Most products increasingly use hazardous processes and materials polluting the environment during 

manufacture and then after discard. While this certainly is a huge problem, given the quantities being generated, 

some of these products are made using valuable materials and provide a significant business opportunity. A study of 

e-waste content distribution has shown that more than 60% of e-waste currently generated has fractions of gold, 

copper, iron, aluminum and other metals, 30% is plastic and 2.7% is of hazardous content. In India with both low 

end and high end e-waste being generated, waste management is becoming a major issue - mostly computer waste1. 

 

II. CATEGORIZATION OF E-WASTE 

As per European Council, the waste can be characterized as under:  

 IT, electronics and telecommunication equipment (PCs, printers, telephones, etc).  

 Large and small household appliances (refrigerator, freezer, washing machine, vacuum cleaners etc).  

 Lighting and Consumer Equipment (CFL, high intensity sodium lamp, etc).  

 Monitoring and Control Instruments (smoke detector, heat regulators). 

 Medical devices (cardiology, radiotherapy equipment, nuclear medicine, dialysis, etc).  

 

III. COMPOSITION OF E-WASTE 

E-waste can be sub divided into non hazardous2 and hazardous substances3.  

 

Hazardous Elements / Components Non Hazardous Elements / Components 

Americium - smoke alarms.  

Mercury - fluorescent tubes, tilt switches. 

Tin - solder, coating on various components leads. 

Copper - printed circuit board tracks, copper wire, 

                                            
1 Joseph, K., “Electronic Waste Management in India – Issues and Strategies”, October 2007. 
2 Sivakumar, T., Vijayaraghavan, G., & Vimal-Kumar, A., “Global Challenges in E-Waste Management”, International Journal 

of Advanced Engineering Technology, Volume 2(4), November 2017, p.10–15. 
3 Saini, A. K., Taneja, A., “Managing E-Waste in India- A Review”,Volume 7(11), 2012. 
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Sulphur - lead-acid batteries.  

Cadmium - Printed Circuit Boards, nickel-cadmium 

batteries, light sensitive resistors, alloys which are 

corrosion resistant for the aviation and marine 

industry. 

Lead - Cathode Ray Tube glass monitors, solder, lead 

acid batteries. 

component leads.  

Aluminium - complete spectrum of low wattage 

electronic goods, electrolytic capacitors. 

Iron - steel cases, steel chassis and fixings.  

Germanium-1950s-1960s transistorized electronics 

(transistors). 

Silicon - glass, integrated circuits, transistors, printed 

circuit boards. 

Nickel - nickel-cadmium batteries.  

Lithium - lithium-ion batteries.  

Zinc - plating for steel parts.  

Gold - connector plating, primarily in computer 

equipment and  mobiles. 

 

All this non hazardous and hazardous waste needs to be treated to mitigate the effects of pollution while 

simultaneously tapping its huge potential. Across the western world policies and regulatory mechanisms are in place 

to ensure that e-waste is collected and disposed of using appropriate technologies besides generating green 

employment. In India policies need to be put in place to achieve the goals of dealing with the problem because, 

“Recovery of such valuable materials requires both high collection rate and recycling efficiency for the fractions. In 

order to efficiently harvest resources through this „urban mine‟, the e-waste stream needs to be diverted for formal 

recycling as valuable materials are easily lost due to imperfect separation and treatment practices”4.  

 

IV. GLOBAL FIGURES 

The e-waste quantity globally generated in 2014 was 41.8 Metric tons. This is expected to increase to 49.8 Metric 

tons in 2018, as reflected below:  

Year  E-Waste generated (Metric tons) Population  

(billion) 

E-Waste generated 

(kg/inhabitant) 

2010  33.9  6.8  5.0  

2011  35.9  6.9  5.1 

2012  37.8  6.9  5.3  

2013  39.7 7.0  5.6 

2014  41.7  7.1  5.9  

2015  43.7 7.2  6.2  

2016  45.8  7.3  6.4  

2017  47.9  7.4  6.6  

2018*  49.9  7.4  6.8  

Table 2 : * Estimated & Projected Global Quantity of E-Waste5  

 

V. E-WASTE INDIAN SCENARIO 

The concept of e-waste management in India is different from the concepts practised globally. E-waste handling in 

India is of grave concern due to its quantification which is not attempted, no policy or regulatory mechanism to 

check the flow of e waste and unregistered / local acts of recycling. Thus, of e-waste is a mammoth task and there 

exists. “In case of Personal Computers, 22% of the e-waste is generated by households and it is the business sector 

which accounts for the 78% of the e-waste, because 83% of household customers are first time buyers. So business 

sector is mainly responsible for the e- waste generation. In addition to this, about 1050 tonnes per year of computer 

waste comes from retailers and manufacturers. This is important to note that in spite of global agreements, e-waste 

from developed nations is imported to developing nations like India”.6 

                                            
4
 Balde, C. P., Wang, F., Kuehr, R., & Huisman, J. “E-Waste Monitor”, United Nations 1st Global E Waste Monitor, 2014. 

5
 Chaturvedi, A., Arora, R., & Ahmed, S., “Mainstreaming the Informal Sector in E-Waste Management”, GTZ-Advisory 

Services in Environmental Management, 2014. 
6
 Bhutta, M. K. S., Omar, A., & Yang, X., “Electronic Waste: A Growing Concern in Today‟s Environment”, Economics 

Research International, Volume 2,2011, p. 1–8. 
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Presently, the organized sector in India does not have large scale e-waste recycling facility and the complete 

recycling concept is by the unorganized sector. 70% of the total e-waste generated in India is from the ten developed 

/ industrialised states such as Tamil Nadu, Madhya Pradesh, Maharashtra, Andhra Pradesh, Delhi, Uttar Pradesh, 

Karnataka, West Bengal, Gujarat and Punjab. Of these states the ten cities which generate the maximum e-waste in 

the country are Mumbai which ranks first followed closely by Bangalore, Delhi, Chennai, Hyderabad, Pune, 

Kolkata, Ahmadabad, Nagpur and Surat. As on date to tackle this problem two small e-waste recycling / dismantling 

facilities have been set up and are functioning in Bangalore and Chennai7. 

All the activities such as collection, segregation and safe and sound disposal is being undertaken by the informal 

sector. The rag pickers buy all kind of e-waste and sell it to earn a livelihood, thus it becomes a source of income for 

them. E-waste is mostly handled by unskilled workers who never use any proper safety measures. Due to inadequate 

technological infrastructure availability, the process of recycling and disposal cannot be ensured properly. The „take 

back‟ system also as incorporated in large parts of the world has not being implemented by most of the companies. 

The exact data/statistics on the quantum of e-waste collected and discarded each year are not available and its 

environmental repercussions are not comprehended. As per the literature review, only about 50% of the public 

across states are aware of the ill effects of e-waste on the environment. Thus, there is an urgent need for a proper 

system to be implemented in India starting from education and leading to effective management of e-waste. 

 

The Dept of Information Technology in India has estimated E waste tonnages to be:  

Year  E waste in Thousand Metric tons  

2009  403  

2011  488  

2013  590  

2015  714  

2017  864  

2019*  1045  

2021*  1264  

2023*  1530  

Table 3 :  Growth of E- Waste in India (* Estimated)8 

 

VI. IMPACT OF E WASTE DISPOSAL ON  HEALTH AND ENVIRONMENT 

6.1 Health Issues.  

The researchers have surveyed implications of „backyard recycling‟ on workers. “The danger of e-waste toxicity to 

human health, both in terms of chronic and acute conditions, has become a serious societal problem. For instance, 

blood, serum, hair, scalp hair, human milk and urine from people who lived in the areas where e-wastes are being 

recycled showed the presence of significant concentrations of toxic substances.”9 

 

6.2 Land filling. 

This is the most commonly used method for disposal of e-waste. Soil is excavated and subsequently trenches are dug 

for burying of this e-waste. This not being an environmentally sound process for disposing off e-waste, toxic 

substances like cadmium; lead and mercury are likely to contaminate ground water and may also degrades soil 

quality.  The number of landfills in both developing and developed countries are on increase keeping in pace with 

the current global revolution to achieve zero wastes. Evidence demonstrates that in and around e-waste landfills, 

there is bound to be contamination in the groundwater, as these pollutants have the potential to migrate through the 

top soil layers and percolate into the groundwater10. 

                                            
7 Gupta, M., “Guidelines for Environmentally Sound Management of E-Waste”, Indian Ministry of Environment & Forest 

Central Pollution Control Board,Volume 23,2018, p. 1–93. 

 
8
 Verma, D. S.,  “E-waste Management in India  : Problems and Legislations”, International Journal of Science, Engineering and 

Technology Research(IJSETR), Volume 3(7), 2014, p.910–914. 
9 Kiddee, P., Naidu, R., & Wong, M.H., “Electronic Waste Management Approaches: An Overview”,Waste Management, 

Volume 33(5), 2013, p.237–250. 
10

 Kiddee, P., Naidu, R., & Wong, M. H., “Electronic Waste Management Approaches: An Overview”, Waste Management, 

Volume 33(5), 2013, p.1237–1250. 
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6.3 Incineration. 

This method involves disposing of the e-waste in a controlled environment. This involves combustion of e-waste at 

very high temperatures in specially designed incinerators. There are various advantageous using this method as the 

total volume of e-waste gets reduced and the energy so obtained is also being gainfully utilized. However, it has 

disadvantages like emission of harmful gases such as dioxins and furans which are carcinogenic11.  

 

VII. E- WASTE MANAGEMENT APPROACHES 

7.1 Small Sized Waste. 

In the recent times, non recycled products called „urban mines‟ are being discussed in Japan. These products contain 

PCs, tabs and mobile phones. Thus the considerable amount of critical metals is being discarded. If we talk about 

small/medium size e-waste, there exists no legislation to promote recycling. Since the size is small, the e-waste 

products are dumped as municipal waste at the end of life. In order to address this critical issue, a new recycling 

legislation has come into being in Japan since Apr 2013 to address small/medium size e-waste. As per the new 

legislation, the fees are not being collected from the consumers like it is being done in case of large sized e-waste eg. 

Refrigerators and air conditioners. This would ensure that the new system for recycling will become financially 

viable. As the concentration of valuable metals in e-wastes is relatively higher, thus the manual disassembling of 

these products is time consuming besides economically non viable. Therefore, we need a fully automatic recycling 

process. 

 

7.2 Effective Collection. 

The major cost factor in the complete recycling process is on „collection and transportation‟ of the waste. This can 

be executed as:  

 

 Electronic and electrical waste gathering through governmental/ Non Governmental Organisations.  

 Collection through garbage collectors tasked to collect solid waste.   

 By the manufacturer‟s of EEE as part of their Corporate Social Responsibility towards the end users.  

 

Different countries have specified policies for Electrical and Electronic Equipment waste by issuing the Waste 

Electrical and Electronic Equipment Directive which specifies the Waste EEE collection system. In the European 

Union, the system of collection of e-waste arrangements is such that the consumers return their used e-waste without 

paying any cost whereas in countries like Japan, the collection system is based upon „withdrawal on charge‟ wherein 

the users are required to pay when their Waste EEE is being returned to the traders.  

 

7.3 Extended Producer Responsibility. 

Extended Producer Responsiblity plays a definitive role in the e-waste management cycle with emphasis on 

supporting the green framework for handling of Waste EEE. It ensures that the producers of EEE take back the e-

waste after its end of life in order to recycle these products. The financial support for recycling is ensured by local 

government and manufacturers. Extended Producer Responsibility is ensured by manufacturers through Product 

Design for Environment. They have developed solders free from lead and Printed Circuit Boards free from bromine. 

 

7.4 Re-designing using Eco friendly Resources. 

Green manufacturing approach covers the following aspects: 

  

7.4.1 Lean Design. 

It refers to the process of development of components with approach of systematically reduction of non-value added 

resources. Lean manufacturing can also decrease the cost associated with applying an Environmental Management 

System, and thus enhance an organization‟s environmental performance.  

 

 

 

                                            
11 Jayapradha, A,. “Review Article Scenario of E-waste in India and Application of New Recycling Approaches for E-waste 

management”, Volume 7(3), 2015, p. 232–238. 
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7.4.2 Quality Control. 

Quality control techniques like Six Sigma give a solution for sustainable product development with longer product 

life-cycle.  Six-Sigma is  considered a green manufacturing tool as it remove process  variations which leads to 

lesser defects, reduced waste, less inputs required, and  fewer energy is expended.  

 

7.4.3 Restrictions on Hazardous Substances. 

Limiting and restricting the use of hazardous and toxic substances in EEE manufacturing supports easy handling of 

Waste EEE with environment care. 

 

7.4.4 Multi-purpose Design. 

Multi-purpose manufacturing of electric and electronic equipment limits the number of devices put in market 

leading to reduced e-waste generation. As an example, now days many of the cell-phone companies are 

manufacturing mobile chargers that are compatible with cell phones of other companies and models. Such type of 

green manufacturing initiative can reduce the number of devices ultimately limiting the generation of e waste up to a 

significant level.  

 

7.4.5 Green Manual. 

Green manual is a new term, which comes from user manual that associates with guidance to user about handling of 

devices after its end-of-life. In the survey, most of the individuals have shown the need of proper protocol and 

policies that should come along with the equipment which guide the end-user about what to do with the product 

when it will become a scrap. The „green manual‟ that will come from the producer with the product may  contain the 

take-back policies, information of all the constituents and materials  used, list of hazardous components and contact 

details and  procedures for e waste handling. 

 

7.5 Remanufacturing.  

Remanufacturing starts to be used on a large scale and is currently used for a wide range of product, such as: 

machine tools and industrial robots, vending machine, copying machines, electronic products and parts, office 

furniture etc.  Remanufactured products will cost less as compared to new product having same warranty.  The low 

price is obtained by keeping many of the old components; only the ones that cannot be reused are being replaced 

with new ones. Remanufacturing should not be confused with recondition/refurbish/restore, re-used, repair or 

recycled. Remanufacturing is a much more complex process entitled by Steinhilper as „ultimate form of recycling‟.  

 

7.6 Better Recycling Methods. 

Some of the innovative recycling technologies used for recovering a hazardous resource from valuable metals 

contains in e-waste are : 

 

7.6.1 Hydrometallurgy. 

It is also called as chemical leaching method. The method involves using a suitable chemical reagent for the 

dissolution of metals from e-waste. The various chemical reagents used are aqueous organic solvents, mixed acids, 

aqua-regia and sodium chloride. The different types of solvent used are halides, cyanides, thiourea & thiosulfate for 

the recovery of precious metals from e-waste.  

 

7.6.2 Pyro-Metallurgy. 

The process involves heating the electronic waste in absence of oxygen in a specially designed reactor, resulting in 

zero emission and produces an energy rich liquid of good calorific value. The liquid properties can be upgraded and 

the final product can be used as a fuel in internal combustion engines or for running turbo engines.  

 

7.6.3 Bio-metallurgy or bio-leaching. 

The method uses preparing a bio-adsorbent like activated carbon from biological organic matter and using it for 

adsorbing the valuable metals present in e-waste. The metals can be recovered by either decreasing the pressure or 

by increasing the temperature of the system. The other method involves preparing a biological solvent which can 

recover the valuable metals present in the e-waste. The solvent is generally prepared by using various biological 

matters and its properties are chemically modified such that dissolution of metals takes place when bio solvent 

comes in contact with e-waste. 
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7.7 Environmental Management Methods. 

E-waste management process must commence at the inception where the product is being manufactured. This can 

well be achieved by sustainable design as well as waste minimization techniques. Waste management in industries 

can be achieved by adopting: 

 

7.7.1 Inventory management. 

By reducing the quantity of hazardous materials and raw materials used in the process the quantity of waste 

generated can be reduced. Production materials are evaluated to examine if they contain hazardous constituents and 

whether alternative nonhazardous materials are available.  

 

7.7.2 Production-process modification. 

Potential waste minimization techniques can be broken down into three categories: improved operating and 

maintenance procedures, material change and process-equipment modification. 

 

7.7.3 Volume reduction. 

The techniques that can be used to reduce waste-stream volume can be divided into two general categories: source 

segregation and waste concentration. Segregation of wastes is in many cases a simple and economical technique for 

waste reduction. Wastes containing different types of metals can be treated separately so that the metal value in the 

sludge can be recovered.12 

 

7.7.4 Recovery and reuse. 

This technique could eliminate waste disposal costs, reduce raw material costs and provide income from a saleable 

waste. Waste can be recovered on-site, or at an off-site recovery facility, or through inter industry exchange. 

However recycling of hazardous products has little environmental benefit if it simply moves the hazards into 

secondary products that eventually have to be disposed of. Unless the goal is to redesign the product to use 

nonhazardous materials, such recycling is a false solution.  

 

7.8 Awareness. 

The public awareness as far as the presence of hazardous substances in EEE is important. They should avoid the 

dumping and discard or burning EEE openly in the atmosphere because it directly affects the entire eco-biological 

cycle from human beings to animals and most importantly the environment. Awareness in the public domain should 

be across media platforms from advertisements on television, radio to newspaper, booklets, posters etc. Social 

Media is another platform that has a huge following and must be used. The government should identify and provide 

suitable recycling centres / yards in industrial areas and Special Economic Zones to concentrate and facilitate 

recyclers. The regulatory mechanism must be strict to insulate them from the harmful and toxic side effects which 

they are likely to be exposed to by virtue of their profession. Government should also ban those manufactures or 

companies which are using the hazardous lead acidic battery‟s in their products. 

 

VIII. E-WASTE POLICY AND REGULATION 

Well formulated policy guidelines will address all the issues related to entire lifecycle of the product i.e. ranging 

from production, trade and final disposal. Policy to include transfer of technology for the recycle of the e-waste. 

Policies and regulations must cover aspects related to environmental friendly design and optimum usage of restricted 

substances which can be implemented initiating following measures:   

 Financial responsibility of the manufacturer.  

 Take-back obligations of their products by the industry. 

 Priority to the role of new product design. 

 Restrictions /ban on environmental hazardous substances.   

 Strict vigilance on trans border exchange of electronics and e-waste. 

 

 

                                            
12Jayapradha, A., “Review Article Scenario of E-waste in India and Application Of New Recycling Approaches for E-waste 

management”, Volume 7(3), 2015, p.232–238. 
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IX. WAY AHEAD 

It is evident that in India there is a gap in the information data base on e-waste which must be collated by 

Government agencies basically to quantify the actual size of the problem. Thereafter, the passage of environmental 

policies and implementation of regulations on e-waste needs to be structured and largely guided by Extended 

Producer Responsibility. This is a viable way ahead keeping the present waste management concept and scenario in 

India.  

Secondly, there is a need for all encompassing institutionalised knowledge transfer to include the best practices from 

the more progressive and developed nations to the developing nations on e-waste management. This will enable 

developing countries benefit from the experience gained and practices being followed by the developed world in the 

management of E-Waste. For instance all the 29 member states of the European Union are in various stages of 

implementing the European Union‟s directive 2002/95/EC. In the process these nations have faced certain issues, 

which if highlighted, could help in formulation of appropriate legislative frameworks and institutional frameworks 

to meet ground realities in India.  

Lastly, future environmental regulations being suggested need to be in line with products and the entire production 

process. To be able to achieve this, the regulations need to be based on the entire life cycle analysis of a products 

service system and not entirely based on end-of-pipe treatment as is currently in vogue.  
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