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Abstract :— Todays electronic equipments such as Mobile phones, PCs and Laptops are tomorrow’s E-waste. A Mobile phone contain more
than forty elements including base metal Copper (Cu) and precious metals Silver (Ag), Gold (Au), and Palladium (Pd). Metals represent
on average 23% of the weight of a phone, the majority being Copper. In one ton of Mobile phone handsets without battery there are 3.5 kg
of Ag, 340 g Au, 140 g Pd and 130 kg Cu. For a single unit the metal content is 250 mg Ag, 24 mg Au, 9 mg Pd and 9 g Cu. Analysing
global sales of Mobile phones using linear regression equation we can compute the sales of Mobile phones in future and estimate the
amount of Cu, Ag, Au and Pd requirements.
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I INTRODUCTION:
E-waste is one of the fastest growing waste streams in the world. E-waste comprises of wastes generated from used electronic
devices and house hold appliances which are not fit for their original intended use and are destined for recovery or disposal.
Treatment processes of E-waste includes art and craft works, recovery of the elements and uses as construction material. E-waste
contains several types  of substances and chemicals creating serious human health and environment problems. In India volume
of E-waste is estimated to be 0.8 million tones in 2012. According to the Comptroller and Auditor General’s (CAG) report

4 lakhs tones of E-waste are generated in the country annually. Clean Kerala Company Ltd.,

Thiruvananthapuram collected 1372.04 tones E-waste as on 31.05.2019. The growth of internet users has grown at a lightning pace
and in India it is estimated that about 1.42 million PCs are getting obsolete every year. The total E — waste in India has been
estimated to be 1,46,180 tones per year. E- waste has typical application in industry and society before dumping. The major areas of
application are utilization of E-waste in metal industry, in construction industry and in charity works. Landfill has serious problems
as the disposal at random places causes pollution.

Il LITERATURE REVIEW:

Authors
& Year Title Journal Findings
Monika and E-waste Indian Journal | A large number of workers are involved in
Jugal Management : of Community crude dismantling of these electronic items
Kishore As a Challenge Medicine, 2010 for their livelihood and their health is at
(2010) to Public risk, therefore, there is an urgent need to
Health in India. plan a preventive strategy in relation to
health hazards of E-waste handling among
these workers in India
Devin N. Science Direct,| E-waste should be refurbished and reused
Perkins BS| E-waste : A Volume 80,| as a complete product instead of
etal. Global hazard. Issue 4, 2014. dismantled. When refurbishment is not
(2014). possible, E-waste should be dismantled by
trained , protected and well-compensated
workers
Table 1. Literature review of E-waste hazard and management
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Authors
& Year Title Journal Findings
Md. E-waste : A Journal of| An urgent global multilateral agreement is
Sahadat et Challenge for| Health &| needed addressing E-waste handling,
al. (2015) Sustainable Pollution , 2015 storage, transportation, recycling and final
Development disposal of any residual waste, whether by
land fill or incineration

Ahmad Environmental International Uncontrolled fires may arise at landfills
Ashfaq, Impacts and| Journal of| and this could be a frequent occurance
Amna Assessment of Current in many countries.
Khatoon E-waste Microbiology
(2014) Management and Applied

Sciences,

2014.

Table 2. Literature Review of E-waste hazard and management.

I ENVIRONMENTAL IMPACT OF E-WASTE:
E-waste contains harmful elements such as lead, mercury, cadmium and many toxic substances which leach into soil and water
polluting the water bodies. If this happens in a large scale the water body will become unsafe for consumption.

E- waste recycling is complex and expensive owing to the diversity of metallic and non metallic components as well as their
difficulty in separation. Poisonous gases like dioxins and furans generated as a result of the material extraction process. High
volume of acidic effluents generated owing to the hydrometallurgical recycling process lead to the environmental pollutions.

IV E—-WASTE REDUCTION POLICIES:

(i) Green Protocol

(ii) Zero Waste

(iii) Execution of Govt. Orders in Offices and Institutions.

(iv) Implementation of EPR and RoHS (v) Designers should ensure the product is built for Re-use, Repair or Upgradability.
(vi) Enabling Legal framework penalties for Violation of E-waste rules.

V ROLE OF E-WASTE IN METAL INDUSTRY:
As an example global sales of Mobile phones in 2018 are considered. Its content of Cu, Ag, Au and Pd estimated. Also estimated
the metal requirements for the manufacture of Mobile phones in 2025 using linear regression equation.

Year Sales in million
units
2007 122.32
2008 139.29
2009 172.38
2010 296.65
2011 472.00
2012 680.11
2013 969.72
2014 1244.74
2015 1423.90
2016 1495.96
2017 1536.54
2018 1556.27
2019 1524.84

Table 3. Global sales of Mobile phones from 2007 to 2019
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Global sales of Mobile phones in 2018 : 1556.27
million units

1556.27million x 250 mg Ag = 389.1 ton Ag
v Y’ X24mg Au = 374 ton Au

Y Y X 9mgPd = 14 ton Pd

v X 9¢g Cu := 14006 ton Cu

Table 4. Global sales of Mobile phones in 2018 and its metal content.

Total sales of Mobile phones in 2018

= 1556.2 million units.

Estimated base metal content , Copper = 14006 ton

Precious metals content, Silver = 389.1 ton

Gold

Palladium

37.4 ton
14 ton

Formulation of Regression Model for Estimation of Future Sales:

Year(x) X=x- Sales(Y) XY x2
2013
2007 -6 122.32 -733.92 36
2008 -5 139.29 -696.45 25
2009 -4 172.38 -689.52 16
2010 -3 296.65 -889.95 9
2011 -2 472.00 -944.00 4
2012 -1 680.11 -680.11 1
2013 0 969.72 0 0
2014 1 1244.74 1244.74 1
2015 2 1423.90 2847.80 4
2016 3 1495.96 4487.88 9
2017 4 1536.54 6146.16 16
2018 5 1556.27 7781.35 25
2019 6 1524.84 9149.04 36
Total 0 11634.72 27023.02 182

Table 5. Data for formulation of Regression model.
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X=0,Y =11634.72/13 = 894.98

SXY=-n X Y 27023.02 - 0
b e N e
_ 2
SX?-n X 182 - 0
= 148.478
a = Y -b X = 894.98-0

The regression model is Y = a + bX

894.98 + 148.478 (2025 - 2013)

2676.72 million units

894.98 + 148.478 ( x — 2013) Estimated sales of the mobile phones for example for the year 2025

Table 6 . Estimated global sales of Mobile phones in 2025 and metal requirements for its manufacture.

Global sales of Mobile phones in 2025
2676.72million units

2676.72 million x 250 mg Ag = 669.2  ton Ag
@ Xx24mgAu = 64.24ton Au
© e X 9 mgPd =241 tonPd
¢ ¢ x 9g Cu := 24090 ton Cu

VI RESULT :

Computed global sales of Mobile phones in 2025 = 2676.72 million units and for that sales of Mobile phones

Copper requirement
Silver  requirement
Gold requirement

Palladium requirement

= 24090 ton

669.2 ton

= 64.24 ton

= 24.1 ton

IJERTV9IS100184

www.ijert.org

384

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org
www.ijert.org

Published by : International Journal of Engineering Research & Technology (IJERT)
http://lwww.ijert.org | SSN: 2278-0181

Vol. 9 Issue 10, October-2020

VII CONCLUSION:

Maximum amount of base metal and precious metals extracted from a given unit of Mobile phones are tabulated. Metal
requirements for the production of Mobile phones needed for the sales in 2025 are also computed using linear regression

equation.
VIl REFERENCES:

[1] Secun Bina Rani, Upma Singh, Raaz Maheshwari, A.K. Chouhan, “ Perils of ElectronicWastes:Issuesand Management Strategies ”, Journal of
Advanced Scientific Research , 3(1), ISSN:0976-9595, pp. 17-21, 2012.

[2] Bastiaan C. et al., “ Handling WEEE waste flows: on the effectiveness of producer responsibility in a globalizing world “, International Journal for
Advanced Manufacturing Technology, Vol. 47, p. 415, 2010.

[3] GuoJ. etal., “Recycling of non- metallic fractions from waste printed circuit boards “, A review Journal of Hazardous Materials, \Vol. 168, pp. 567-
590, 2009.

[4] Forrsberg E. et al., “ Mechanical recycling of waste electric and electyronic equipment”, A review Journal of Hazardous Materials, VVol. 99, pp. 243-263,
2003.

[5] G. Gaidaajis, K. Angelakoglou, D. Aktsoglou, “ E-waste : Environment Problems and Current Management ” , Journal of Engineering Science and
Technology ,Review 3(1), pp 193-199, 2010.

[6] Ajeet Saoji, “ E-waste Management: An emerging environmental and health issue in India”, National Journal of Medical Research, VVolume 2, Issue 1, pp
107-110, January-March 2012.

[7] E. Yoheeswaran, “ E-waste management in India”, Global Research Analysis, Volume 2, pp 54-55, April 2013.

[8] Tanvi Pradhan, “ E-waste generation and management in India”, Recent Research in Science and Technology, pp 83-87, 2013.

[9] Marques A.C. etal., “ A review of the recycling of non-metallic fractions of of printed circuit boards”, Springer Plus, Vol. 2, PP. 521, 2013.

[10] T. Kinoshitta, “ Metal recovery from non-mounted printed wiring boards via hydrometallurgicalprocessing”, Hydrometallurgy, Vol. 69, pp. 73-79, 2003.

[11] B.H. Robinson, “ E-waste : an assessment of global production and environmental impacts”, Science Total Environment, Vol. 408, pp. 183-191, 2009.

[12] Liu . J. et al., “ High levels of heavy metals in rice ( Oryza sativa) from a typical E-waste recycling area in southeast China and its potential risk to
human health”, Chemosphere, Vol. 71, pp. 1269-1275, 2008

[13] Aydin N.S. et al., “Evidence of excessive release of metals from primitive E-waste processing in Guiyu, China”, Environmental Pollution, VVol.148, pp.
62-72, 2007.

[14] Wong M.H. et al., “Traces of metal contamination of sediments in an E-waste processing village in China *, Environment Pollution,Vol. 145, pp. 434-
452, 2007.

[15] Guo J. et al., “ Recycle Technology for Recovering Resources and Products from Waste Printed Circuit Boards”, Environmental Science and Technology,
Vol. 41, pp.195-200, 2008.

[16] Rao Q. et al., ““ Application of Glass Non-metals of Waste Printed Circuit Boards to Produce Phenolic Moulding Compound, Journal of Hazardous
Materials, Vol. 153, pp. 728-734, 2008.

[17] Murthy V,R. et al, “ Management of E-waste in the present Scenario”, IACSIT International Journal of Engineering and Technology, Vol. 4, No.5, pp.
543-547, 2012.

[18] Devi. B.S., Shobha S.V., Kamble R.K., “ E-waste : The Hidden harm of Technological Revolution IAEM , Vol.31,. pp. 196-205, 2014.

[19] Williams E et al, “ Environmental , Social and Economic Implication of Reuse and Recycling of Personal Computers”, Environment Science and
Technology, VVol.42, No.17, pp. 6446-6454, 2008.

[20] Pinto V.N., “ E-waste Hazard: The impending challenge ¢, Indian Journal of occupational and environmental medicine, pp. 65-70, 2008.

[21] Ramachandra T.V. and Saira V.K. “ Environmentally sound option for E-waste management”, Journal  of Human Settlements , Energy and
Wetlands Group, Centre for Ecological Sciences, 11Sc, Bangalore, 2004.

[22] Reena G., sangita V.K., “ Electronic waste : A Case Study “, Research Journal of Chemical Sciences, Vol. 19, pp. 49-56, 2011.

[23] Kumar G.G. et al, “ Fabrication of Industrial Safety Helmet from E-waste”, Asian Journal of Research in Social Sciences and Humanities”, 6(8), pp.
1964-1973, 2016.

[24] Saoji. A., “ E-waste Management: An Emerging Environmental and Health Issue in India”, National Journal of Medical Research, Vol. 2, Issue : 1, 2012.

[25] Sustainable Innovation and Technology Transfer Industrial Sector Studies ““ Recycling — From E — waste To Resources” UNEP StEP July 2009.

[26] Chiranjib Kumar Gupta, “Chemical Metallurgy Principles and Practice” WILEY-VCH GmbH &Co. KGaA, 2003. Fulvio Ardente et.al. (2014), Volume 2,
pages(158 — 171), Sciencedirect.com.

[27] Terkel Rosenqvist, “ Principles of Extractive Metallurgy”, pp:431- 458, Mc. Graw — Hill Book Company, New York, 1974. Suchitra S et al,  Study on
replacement of coarse aggregate by e-waste in concrete”., International Journal —of  Technical Research and Applications. e-ISSN:2320-
8163.www.ijtra.com., Volume 3, Issue July- August 2015, pp 266-270.

[28] Patio process metallurgy”, 2015 Encyclopaedia Britanica, Inc.

[29] www.step — initative.org.

[30] Electronic Waste Management by E — Parissara Pvt. Ltd., Bangalore-560 058., www.ewasteindia.com.

[31] Joseph Newton, * Extractive Metallurgy”, pp 413 — 448 , Wiley Eastern Private Limited, New Delhi, 1967.

[32] Hem Shanker Ray, Ahindra Ghosh, “ Principles of Extractive Metallurgy”, (Second Edition), Wiley Eastern Limited, New Delhi, 1991.

[33] Rajiv Gupta, Harish Puppala, NakkaRajesh. “ Application of Recycled Coarse Aggregate and E- Waste for

[34] Pavements with Low Traffic” IOSR Journal of Mechanical and Civil Engineering. (IOSR-JMCE) , Volume 12, Issue 2, Ver. Il ( Mar — Apr 2015) pp 64
—-70.

[35] P. Krishna Prasanna, M. Kanta Rao “Strength Variations in Concrete by Using E-wasteasCoarseAggregate”, IJEAR Vol.4, Issue Spl-2, Jan-June 2014.

[36] Ashwini Manjunath B.T. “ Partial replacement of E-plastic Waste as Coarse- Aggregate in Concrete” International Conference on Solid Waste
Management, 51conSMW2015, ScienceDirect, www.sciencedirect.com.

[37] Salman Siddique et al., “Scope of Utilisation of E-Waste in Concrete”, IJARSE, Vol. No. 4, Special Issue (01), March 2015, http://www.ijarse.com.

[38] Vivek S. Damal et. al., “Utilization of Electronic Waste Particles in Concrete”, IJERA, Vol .5., Part -2, April 2015, pp. 35 — 38, www.ijera.com.

[39] S.P. Kanniyappan, C. Lavanya “Experimental Study on Effective Utilization of E- Waste in Concrete”, IJIRSET, Vol.4, lIssue 11, November
2015.

IJERTV9IS100184 www.ijert.org 385

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org
www.ijert.org

Published by : International Journal of Engineering Research & Technology (IJERT)

http://lwww.ijert.org | SSN: 2278-0181
Vol. 9 Issue 10, October-2020

[40] Amiya Akram et. Al. “E- Waste Management by Utilization of E- plastic in Concrete Mixture as Coarse Aggregate Replacement”, IJIRIST, Vol .4, Issue
7, July 2015.

[41] Mukesh U. Donadkar et. al., “Review of E-Waste material used in Making of Concrete”, Volumee 2, Issue 07, January 2016.

[42] Vikash Kumar Singh et. al.,“An Experimental Study on Concrete by using E-Waste as Partial Replacement for Coarse Aggregate”, IISTE, Volume 3,
Issue 04, October 2016.

[43] [44] K. Alagusankaraeswari et.al., “An Experimental Study on E — waste Concrete “,Indian Journal of Science and Technology, vol. 9(2), January 2016,
ISSN (‘online): 0974-5645.

[44] S.R. Shamili, C. Natarajan, J. Karthikeyan, “ An overview of Electronic Waste as Aggregate in Concrete ”, International Journal of Structural and
Construction Engineering, Vol. 1l, No.10, 2017.

[45] Sagar R. Rautt et.al., “ Experimental Study on Utilization of E — waste in Cement Concrete ”, The International Journal of Engineering and Science
(LJES), PP 82-86,2018.

*hkkkkkkhkhkhkkik

IJERTV9IS100184 www.ijert.org 386
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org
www.ijert.org

