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Preface 

 
This Standard Operating Procedure (SOP) outlines the best possible methods of 

handling electrical and electronics waste (e-waste) safely at Doko Recyclers (DR). In the 
absence of any guidelines from the concerned government authority, this SOP will act as 
the guidelines and training manual to safely and efficiently manage e-waste at Doko 
Recyclers. 
 
  This document is the outcome of on the ground practical experiments, research, and 
experiences since 2017 AD when Doko began operations. The e-waste management 
system keeps evolving with change in waste composition as well as technology to handle it. 
Likewise, Doko Recyclers will also keep evolving with  technology intervention. 
  
 The guideline is to be followed mandatorily by all the e-waste handlers and 
team/entity involved in e-waste management at DR. These obligations incorporate the 
identification of risks and preliminary measures to reduce detrimental effects to human 
health and environment. Further, it walks through detailed technical aspects of handling and 
managing procedures. 
 
        We highly welcome constructive suggestions that would assist in improving the 
document’s understanding, working module and e-waste handling methodology. Any 
feedback or suggestion regarding this can be sent to the following email addresses with the 
topic: ‘Feedback on E-waste SOP’: 
pankaj@dokorecyclers.com 
juli.dokorecyclers@gmail.com  
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Disclaimer 
 

 

 

All the processes mentioned in this SOP are the sole opinion of Doko Recyclers 

collected from self practice, secondary research and literature reviews, and SOPs from 

various different countries and e-waste management companies around the world. 

 Doko Recyclers does not claim that the methods mentioned in this SOP are best 

practices. However, these are practices that have helped Doko Recyclers handle e-waste 

safely in its facilities. Trademark names and symbols are used in an editorial fashion with no 

intention of infringement of trademark or copyright laws. Moreover, the views expressed in 

this publication are those of the authors and do not necessarily represent those of the Step, 

UNU or GIZ, nor does citing of trade names, companies, schemes, or commercial processes 

constitute endorsement. We regret any errors or omissions that may have unwittingly been 

made. 
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About Doko Recyclers 
 

 
E-waste management in Nepal is an initiative by Doko Recyclers to promote and 

manage responsible handling of e-waste generated in Nepal. 

 

Currently, Nepal lacks standard policy guidelines to handle e-waste which leads to 

waste being dumped into landfills exposing the soil and groundwater to toxins and other 

hazardous materials. This is a growing problem since Nepal generated over 25,000 tons of 

e-waste in 2019 alone. We decided to designate e-waste recycling as a separate entity from 

recycling of other materials due to the complexities and hazards in processing e-waste. As a 

result, we are the first professional e-waste management company in Nepal. 

 

Doko Recyclers is committed to spreading awareness on the importance of 

recycling. We strive to educate the community about why, how, and what we should recycle. 

When we recycle, we can see a significant positive impact towards our economy, health, 

and the environment. 

 

Since 2017 July, we have recycled over 382 tons of waste, creating and promoting 

much required public awareness on the importance of e-waste recycling. By recycling e-

waste, we have successfully saved 109 Tons of greenhouse emissions (GHG)4. While this is 

just a fraction of the e-waste produced inside the valley, our endeavours lead Nepal towards 

a sustainable future where all e-waste is recycled or refurbished. 

Doko Recyclers’s e-waste management team is headed by Chief Operations Officer 

(COO) who responsibly directs and manages teams of administration, refurbishment, 

dismantling and logistics staff. The following represents the organizational hierarchy of the 

e-waste management team at Doko Recyclers. 

 

 

 

 

 

                                                      
4 e-Stewards Global Impact Calculator - e-Stewards 

http://e-stewards.org/e-stewards-global-impact-calculator/
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Operational Team Hierarchy 

 

 

 

 

 

 

 

 

 

  



7 
 

List of Abbreviations 

 

ABS/PC                   Acrylonitrile butadiene styrene/Polycarbonate 

AC                           Alternating Current 

BFR                            Brominated Flame Retardants 

CBD                        Chronic Beryllium Disease 

CCD                            Charge Coupled Device 

CCFL                       Cold Cathode Fluorescent lamp 

CD ROM                  Compact Disc Read Only Memory 

CD                          Compact Disc 

CDD                            Compact Disc Driver 

CFC                       Chlorofluorocarbon 

CFL                         Compact Fluorescent Lamp 

CMOS                     Complementary Metal Oxide Semiconductor 

CPU                        Central Processing Unit 

CRT                         Cathode Ray Tube 

DC                           Direct Current 

EPS                         Expanded Polystyrene 

FD                           Floppy Drive 

GIZ                      German Agency for International Cooperation/The Deutsche   
Gesellschaft für Internationale Zusammenarbeit 

HCFC                         HydroChlorofluorocarbon 

HC                           Hydrocarbon 

HDD                  Hard Disc Drive 

HD                           Hard Disc 



8 
 

HDPE                      High-density Polyethylene 

HEPA                      High Efficiency Particulate Air(Filter) 

HFC                         HydroFluorocarbon 

HIPS                        High Impact Polystyrene 

IMDG                       International Maritime Dangerous Goods 

IT                             Information Technology 

ITO                          Indium Tin Oxide 

LCD                         Liquid Crystal Display 

LED                        Light Emitting Diode 

MSW                       Municipal Solid Waste 

NIC                          Network Interface Card 

NiMH                       Nickel Metal Hydride 

ODS                           Ozone Depleting Substances 

PBB                        Polybrominated biphenyls 

PBDE                     PolyBrominated Di-phenyl ethers 

PCB                        Printed Circuit Board 

PC                           Personal computer 

PPE                         Personal Protective Equipment 

PP                            Polypropylene 

PS                            Polystyrene 

PUR foam               Polyurethane Rigid foam 

PVC                         Polyvinyl Chloride 

PV                            Photovoltaic 

PWB                        Printed Wiring Board 



9 
 

RAM                 Random Access Memory 

SMPS                      Switched Mode Power Supply 

SRC                         Source 

SRI                           Sustainable Recycling Industries 

TV                            Television 

ULAB                       Used Lead Acid Battery 

UPS                         Uninterrupted Power Supply 

USA                         United States of America 

USEPA                    United States Environmental Protection Agency 

VAT                         Value-added tax 

VOC                           Volatile Organic Compounds 

WEEE                      Waste Electrical and Electronic Equipment 

 
 

 

 

 

 

 

 

  



10 
 

Table of Contents 

Contents 
Table of Figures .................................................................................................................. 13 

List of Tables ...................................................................................................................... 15 

Ch 1. Introduction ............................................................................................................... 16 

1.1 Types of E-waste ....................................................................................................... 16 

1.2 Characteristics of E-waste ......................................................................................... 19 

1.2.1 Hazardous .......................................................................................................... 19 

1.2.2 Valuable .............................................................................................................. 21 

1.2.3 Others ................................................................................................................. 21 

Ch 2:  Health and Safety Requirements .............................................................................. 22 

2.1 Introduction:............................................................................................................... 22 

2.2 Section A: Context of E-waste Management.............................................................. 22 

2.2.1 Risks associated with handling e-waste .............................................................. 22 

2.2.2 Ensuring a safe working environment ................................................................. 24 

2.3 Section B: Personal Protective Equipment: ............................................................... 25 

2.3.1 PPE Components: .............................................................................................. 25 

2.3.2 How to put on PPE: ............................................................................................. 28 

2.3.3 Removing and maintaining your PPE: ................................................................. 28 

2.3.4 Mask maintenance: ............................................................................................. 29 

2.4 Section C: Handling workplace hazards .................................................................... 29 

2.4.1 General Facility Safety Rules: ............................................................................. 30 

2.4.2 Treating common workplace wounds: ................................................................. 30 

2.4.3 Handling fire incidents: ........................................................................................ 32 

2.4.4 Avoiding common accidents: ............................................................................... 33 

2.5 Section D: Summary .................................................................................................. 35 

Ch. 3 Process of E-waste Management .............................................................................. 39 

3.1 Logistics .................................................................................................................... 39 

3.1.1 Introduction ......................................................................................................... 39 

3.1.2 Client Categorization and Enrolling Process ....................................................... 39 

3.1.3 Pickup process .................................................................................................... 40 

3.1.4 Second Hand Purchase ...................................................................................... 41 



11 
 

3.1.5 Collection ............................................................................................................ 41 

3.1.6 Pickup procedures and schedule ........................................................................ 43 

3.1.7 Details for pickup schedule ................................................................................. 43 

3.1.8 Offloading ........................................................................................................... 47 

3.1.9 Record Entry ....................................................................................................... 48 

3.1.10 Temporary Storage ........................................................................................... 49 

3.2 Screening .................................................................................................................. 49 

3.2.1 Steps of screening .............................................................................................. 50 

3.3 Treatment .................................................................................................................. 55 

3.3.1 Manual Dismantling............................................................................................. 55 

3.3.2 Examples/Guidelines for manual dismantling ...................................................... 63 

3.3.3 Mechanical Processing ..................................................................................... 121 

3.4 Hazardous E-waste Fractions .................................................................................. 132 

3.4.1 Lead Acid Battery .............................................................................................. 132 

3.4.2 Li-ion batteries .................................................................................................. 137 

3.4.3 Refrigerators and Air Conditioners .................................................................... 141 

3.4.4 Printer Cartridges .............................................................................................. 144 

3.4.5 Capacitors ......................................................................................................... 146 

3.4.6 BFR Plastic ....................................................................................................... 148 

3.4.7 CCFL ................................................................................................................ 150 

3.5 Refurbishment and Sales ........................................................................................ 152 

3.5.1 Refurbishment................................................................................................... 152 

3.5.2 Sales ................................................................................................................. 158 

3.6 Storage .................................................................................................................... 160 

3.6.1 Temporary storage ............................................................................................ 161 

3.6.2 Storage of breakable items ............................................................................... 162 

3.6.3 Storage of valuable items .................................................................................. 162 

3.6.4 Storage of refurbished items ............................................................................. 163 

3.6 5 Storage of antique items ................................................................................... 163 

3.6.6 Storage of components after dismantling .......................................................... 164 

3.6.7 Storage of metals .............................................................................................. 164 

3.6.8 Storage of plastics ............................................................................................ 165 

3.6.9 Storage of Li-ion batteries ................................................................................. 166 



12 
 

3.6.10 Storage of lead acid batteries .......................................................................... 166 

3.6.11 Storage of refrigerators ................................................................................... 167 

3.6.12 Storage of wires and cables ............................................................................ 167 

Ch 4. Output fractions and downstream options ................................................................ 168 

4.1 Handling procedure for output fractions ................................................................... 169 

4.1.1 Printed Wiring Boards (PWB) ............................................................................ 169 

4.1.2 Ferrous Metal .................................................................................................... 170 

4.1.3 Non-ferrous Metal (Copper, Brass and Aluminium) ........................................... 171 

4.1.4 Plastics ............................................................................................................. 173 

4.1.5 Glass ................................................................................................................ 173 

4.1.6 Liquid Crystal Display (LCD) Screen ................................................................. 174 

4.1.7 Cables and Wires .............................................................................................. 175 

4.1.8 Insulating Glass Fiber ....................................................................................... 176 

4.1.9 Polyurethane (PUR) Foam ................................................................................ 176 

4.1.10 Small Components .......................................................................................... 177 

4.1.11 Large Components.......................................................................................... 178 

4.1.12 Lighting Source ............................................................................................... 178 

4.1.13 Batteries .......................................................................................................... 179 

4.1.14 Mixed Waste Fraction ..................................................................................... 180 

4.2 Summary of output fractions .................................................................................... 181 

4.3 Landfill Disposal ...................................................................................................... 182 

References ....................................................................................................................... 184 

 

 

 



13 
 

Table of Figures 
Figure 1: Valuable E-waste ................................................................................................. 21 
Figure 2: Other E-waste ...................................................................................................... 21 
Figure 3: Flowchart for overview of pickup system .............................................................. 40 
Figure 4: Doko dashboard to place a pickup schedule ........................................................ 40 
Figure 5: Doko Technician weighing e-waste of household client ........................................ 42 
Figure 6: Doko Technician making PR entry ....................................................................... 42 
Figure 7: Sample purchase receipt ..................................................................................... 42 
Figure 8: Pickup schedule process ..................................................................................... 43 
Figure 9: Pickup process flowchart ..................................................................................... 46 
Figure 10: Stacking e-waste in the vehicle by Doko technicians.......................................... 47 
Figure 11: Vehicle at MRF after collection ........................................................................... 47 
Figure 12: Offloading using manual forklift .......................................................................... 47 
Figure 13: Sample record entry of collection ....................................................................... 48 
Figure 14: Screening method in Doko Recyclers ................................................................ 49 
Figure 15: Doko Technician during screening process ........................................................ 50 
Figure 16: Record keeping and inventory after dismantling ................................................. 51 
Figure 17: Further inspection and testing ............................................................................ 51 
Figure 18: Commercial viability test .................................................................................... 52 
Figure 19: Record keeping and inventory of items sent to refurbish station ......................... 53 
Figure 20: Antique and unique items stored after screening ................................................ 53 
Figure 21: Sellable items and components ......................................................................... 54 
Figure 22: Sellable items and components ......................................................................... 61 
Figure 23: Level A dismantling of a laptop .......................................................................... 62 
Figure 24: Level B dismantling of a laptop .......................................................................... 62 
Figure 25: Level C dismantling of a laptop .......................................................................... 63 
Figure 26: Desktop.............................................................................................................. 63 
Figure 27: Output fractions of different components from desktop ...................................... 68 
Figure 28: Safe storage of CCFL (Src: E-waste manual GIZ) .............................................. 69 
Figure 29: Output fractions of different components from laptop ......................................... 74 
Figure 30: CRT TV .............................................................................................................. 75 
Figure 31: Cross section of a CRT monitor (SRC: E-waste manual GIZ; Lenz and 
Afoblikame) ......................................................................................................................... 76 
Figure 32: Output fractions of different components from CRT monitor ............................... 80 
Figure 33: Output fractions of different components from LED TV ...................................... 85 
Figure 34: Scrap keyboards ................................................................................................ 86 
Figure 35: Output fractions of different components from keyboard .................................... 88 
Figure 36: Scrap Power Supply Unit (SMPS) ...................................................................... 89 
Figure 37: Output fractions of different components from SMPS (Src: SRI Dismantle Guide -
IT equipment; Schluep et al.) .............................................................................................. 91 
Figure 38: Hard Disk Drive (HDD) ....................................................................................... 92 
Figure 39: Output fraction of HDD ....................................................................................... 95 
Figure 40: Printed Wiring Boards (PWB) ............................................................................. 96 



14 
 

Figure 41: Scrap mobile phones ....................................................................................... 100 
Figure 42: Output fraction of a keypad phone (Src: EMPA dismantling guide) .................. 102 
Figure 43: Output Fraction of Smartphone (Src: EMPA dismantling guide) ....................... 104 
Figure 44: Scrap inkjet printer ........................................................................................... 105 
Figure 45: Output fraction of inkjet printer ......................................................................... 107 
Figure 46: Scrap laser printer ............................................................................................ 108 
Figure 47: Output fractions of laser printer ........................................................................ 111 
Figure 48: Scrap flatbed scanner ...................................................................................... 111 
Figure 49: Output fraction of flatbed scanner .................................................................... 114 
Figure 50: Scrap flatbed scanner ...................................................................................... 115 
Figure 51: Output fractions of washing machine ............................................................... 120 
Figure 52: Wire stripper (BS KOB model) available in Doko .............................................. 122 
Figure 53: Bulb Eater (Src: Teracycle14) .......................................................................... 125 
Figure 54: Universal shredder ........................................................................................... 131 
Figure 55: Used Lead Acid Battery ................................................................................... 132 
Figure 56: Components of Lead Acid Battery16 ................................................................ 133 
Figure 57: Wrong handling of ULAB .................................................................................. 134 
Figure 58: Steps to follow during collection of ULAB ......................................................... 134 
Figure 59: Correct and wrong method of ULAB stacking ................................................... 135 
Figure 60: Storage of collected ULAB in Doko MRF .......................................................... 135 
Figure 61: Composition of Li-ion batteries17 ..................................................................... 138 
Figure 62: Dismantled battery pack ................................................................................... 139 
Figure 63: Automatic degassing machine ......................................................................... 142 
Figure 64: Toner and ink cartridge .................................................................................... 145 
Figure 65: Various types of capacitors .............................................................................. 146 
Figure 66: Storage of capacitors ....................................................................................... 148 
Figure 67: Storage of BFR plastics ................................................................................... 150 
Figure 68: CCFL of TV (SRC: SRI Dismantling Guide) ..................................................... 150 
Figure 69: Temporary storage of CCFL ............................................................................. 151 
Figure 70: Flowchart for basic rules of thumb during refurbishment .................................. 152 
Figure 71: Sample record keeping template starting for inspection until end output .......... 153 
Figure 72: Sticker to be pasted in “Ready to sell” Laptop .................................................. 154 
Figure 73: Flowchart for basic thumb rule of quality check ................................................ 155 
Figure 74: Sales advertisement of LCD Monitors in hamrobazar.com by Doko ................. 159 
Figure 75: Temporary storage ........................................................................................... 161 
Figure 76: Breakable items storage .................................................................................. 162 
Figure 77: Storage of valuable items ................................................................................. 163 
Figure 78: Storage of refurbished items ............................................................................ 163 
Figure 79: Antique item storage ........................................................................................ 164 
Figure 80: Components storage ........................................................................................ 164 
Figure 81: Metal storage ................................................................................................... 165 
Figure 82: Plastic storage ................................................................................................. 165 
Figure 83: Li-ion battery storage ....................................................................................... 166 
Figure 84: Lead acid batteries storage .............................................................................. 166 



15 
 

Figure 85: Refrigerator storage ......................................................................................... 167 
Figure 86: Wires and cables storage ................................................................................. 167 
Figure 87: Ferrous metal output after removing other materials ........................................ 170 
Figure 88: Identification of Copper wire by Inner coloring .................................................. 171 
Figure 89: Identification of metal by spark coming out of angle grinder ............................. 172 
Figure 90: Aluminium heat sink with impurities and impurities ........................................... 172 
Figure 91: Plastics used in keyboards and casing of CRT monitor .................................... 173 
Figure 92: Glass output from CRT monitor ........................................................................ 174 
Figure 93: Liquid Crystal screen glass .............................................................................. 174 
Figure 94: Various types of cables .................................................................................... 175 
Figure 95: Glass fiber insulation in geyser ........................................................................ 176 
Figure 96: PUR foam in refrigerator .................................................................................. 177 
Figure 97: Small components output after dismantling ...................................................... 177 
Figure 98: Compressor after refrigerator dismantling ........................................................ 178 
Figure 99: Common types of lighting products .................................................................. 179 
Figure 100: Mixed e-waste fraction ................................................................................... 180 
 

 

 

List of Tables 
Table 1: Types of E-waste 12 
Table 2: Classification of hazardous e-waste 16 
Table 3: Toxins in E-waste and Impact on Health 19 
Table 4: Doko PPE Glove Requirements 23 
Table 5: Summary of Health and Safety Requirements when handling and dismantling e-
waste 30 
Table 6: List of tools required 52 
Table 7: Summary of output fractions and its downstream processing 167 
Table 8: Summary of hazardous output fractions and its final disposal method 169 
 

 

 

 
 

 



16 
 

Ch 1. Introduction  

E-waste, formally called Waste Electrical and Electronic Equipment (WEEE), is 
generated when used electric and electronic devices and their components are no longer 
useful to their owner in their current state. It is the fastest growing waste stream around the 
world. Nepal’s e-waste generation annual growth rate is 7%.5 According to the Global E-
waste Monitor, Nepal generated 28,000 tons of e-waste in 2019. E-waste contains over 
1,000 different substances, many of which are potentially hazardous to the environment and 
human health if not recycled or disposed of in an environmentally sound and professional 
manner. In Nepal’s case, e-waste is managed by a largely unregulated sector which on the 
one hand, creates jobs and opportunities for underprivileged persons, and on the other, puts 
these workers at grave health risks as they work without appropriate safety, technology, and 
recovery methods. 

 The high rate of planned product obsolescence, designing products built to last only 
a short period of time is a significant factor for increased e-waste generation. Yet, e-waste is 
also a secondary raw material that contains valuable metals, plastics, glass, and other 
materials that can be recovered, reused and/or recycled as raw materials. The benefit of 
material recovery from e-waste is that it significantly reduces the carbon footprint in 
comparison to primary extraction (mining of virgin ores). 

1.1 Types of E-waste 

 There are various ways of categorizing e-waste. According to our working scenario, 
we define e-waste into the following categories: 
 

Table 1: Types of E-waste 

Types of E-waste Examples 

a. Large household 
appliances 

 
Washing Machine 

 

 
Water Dispenser 

                                                      
5 Global e-waste monitor; Foreword_GEM_2020_def_july1_low.pdf (ewastemonitor.info) 

http://ewastemonitor.info/wp-content/uploads/2020/07/Foreword_GEM_2020_def_july1_low.pdf
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b. Small household 
appliances 

 
Fan 

 
Mixer 

c. IT & 
telecommunications 

 
Laptop 

 
Mobile phones 

d. Cooling appliances 

 
Refrigerators 

 
Air conditioner 

e. Lighting equipment 

 
Bulb 

 
LED bulb 
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f. Display equipment 

 
CRT TV 

 
LED TV 

g. Wires and cables 

 
Ethernet cables 

 
Wires and cables 

h. Industrial equipment 

 
Industrial motor 

 
Switch control panel 

i. Energy source 

 
Lead acid battery 

 
Li-ion batteries 
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j. Others 

 
Cassettes 

 
CD 

 
 
1.2 Characteristics of E-waste 

  
 Although all e-waste contains certain chemicals which are hazardous in nature, they 
are not direct hazards unless the said harmful chemicals are released or extracted without 
proper machinery, techniques, and personal protective equipment (PPE). For example, 
wires and cables are non-hazardous until they are burnt to extract metal. Other items like 
lead acid batteries can be direct threats even during normal handling as they can easily leak 
harmful chemicals. Based on chemical contents, components used, and outcome after 
processing, e-waste is three types by nature: Hazardous, Valuable, and Others. 

 

1.2.1 Hazardous 

Incoming waste streams which pose direct exposure of harmful 
chemicals and fire from flammable components (e.g li-ion batteries) to 
humans and the environment are considered hazardous e-waste. These 
items need to be handled safely starting from collection until the final 
outcome. Refer to section “Chapter 3.4 Handling hazardous e-waste 
fractions” for detailed handling instructions.  

Hazardous e-waste is a direct threat to humans and the environment. 
It poses a risk of hazardous exposure, chemical leaching, radiations, 
poisonous gas, etc. Major hazardous items and risks associated with them 
are mentioned below: 
 

Table 2: Classification of hazardous e-waste 

Hazardous 
Charact
eristics 

Basel Code Hazardous items Risk associated 

Corrosive H8 / A1160 1. Lead acid 
batteries 

Acid leaching during 
handling. 

Toxic (Delayed 
or Chronic) 

H11 /  A1030 2. Mercury 
containing lamps  
(e.g. fluorescent 

Chance of mercury 
vapour exposure if 
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tube, CFL bulb, 
etc) 

broken during use, 
transportation, and 
handling. 

Toxic (Delayed 
or Chronic) 

H11 3. Printer toner and 
cartridge 

Contains fine dust 
particles of ink powder or 
chemical liquid ink. 
Improper handling might 
result in exposure of ink 
dust and liquid ink. 

Flammable 
Solids 

H4.1 4. Li-ion batteries In its normal state, it is 
safe to handle. But, if the 
batteries are damaged, 
lithium components get 
oxidized causing a heat 
reaction. This can lead to 
fires or explosions. 

Exotoxic / 
Leachate 
formation 

H12 / H13 5. Large size 
capacitors 
(any capacitor 
larger than a 
thumb) 

Chance of leakage of 
electrolytes used in 
capacitors is high if 
mishandled or damaged. 

 A2010 6. Leaded glass 
from CRT 
screens 

In it’s normal stage, 
there is no harm from 
this, but if the glass 
breaks due to 
mishandling, there is a 
high chance of lead 
oxide, heavy metals, and 
phosphorus exposure 
coated in the front glass 
for illumination. 

Toxic (Delayed 
or Chronic) 
/ Exotoxic 

H11 / H12 7. Refrigerators 
and air 
conditioners 

Mishandling might result 
in the release of coolant 
gas which is an 
immediate threat to 
human health and the 
environment. 
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1.2.2 Valuable 

E-waste which contains high value components and does not pose a 
direct risk of chemical leaching, harmful gas leakage, etc. falls under this 
category. Examples include wires and cables, electric water motors, fans, 
mixer grinder containing copper wiring in the motor. These items can be 
handled easily. 

 

 
Figure 1: Valuable E-waste 

1.2.3 Others 

 

E-waste which doesn’t hold high value and does not pose an 
immediate threat as hazardous chemicals and gases are safe to handle as 
long as they are not tampered with. If they are mismanaged, openly burned, 
dismantled without PPE, they become hazardous. For example halogen 
heaters, plastic casing of electronics items, etc.  

 
Figure 2: Other E-waste 
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Ch 2:  Health and Safety Requirements 
 

2.1 Introduction:  

Electronics contain a range of toxins including cadmium, lead, and mercury 
which can cause significant health impediments as well as pollute  air, soil, and 
groundwater. As a Doko e-waste handler,  you are required to follow Doko’s protocol 
by wearing Personal Protective Equipment (PPE) properly, turning off machinery 
after use, sanitizing workstations after tasks, etc., listed in this chapter. Not following 
protocol increases your risk of exposure to noxious and corrosive chemicals that can 
be inhaled, touched, or even ingested leading to major health challenges like 
illnesses or impairments. This in turn can have a direct impact on your ability to work. 
You may also inadvertently infect colleagues and loved ones, or may even cause 
accidents at our facility.  

 
This chapter specifically highlights key health and safety requirements related 

to e-waste handling and dismantling at Doko. It is divided into four sections. Section 
A provides you with context of the health and environmental impacts of improper e-
waste management and how Doko provides you with a safe working environment. 
Section B focuses on Protective Personal Equipment (PPE), explaining its 
importance and maintenance methods for you to follow for your safety. This section 
is a stand-alone one because PPE is imperative in reducing risk and is largely 
dependent on how you use it. Finally, Section C covers instructions in case of 
accidents at our facility. All other health and safety requirements like recommended 
vaccinations, first aid kit maintenance, evacuation procedures, and so forth can be 
found in Doko’s General Health and Safety Standard Operating Procedure 
Guidelines, which focuses on all types of waste that Doko handles. Section D ends 
the chapter with a quick reference summary table.  

 
It should also be noted that these health and safety requirements will 

continuously be updated as Doko’s capacity evolves. It is therefore recommended 
that you revisit this manual periodically to keep yourself up to date and contribute 
towards a safe and healthy work environment.  

 

2.2 Section A: Context of E-waste Management  

 

2.2.1 Risks associated with handling e-waste 

E-waste can be contaminated with a mixture of different substances that can 
eat away skin or create noxious gases, which are then inhaled leading to possible 
infections and long term illnesses like cancer, respiratory illnesses like asthma, 
chronic obstructive pulmonary disease, emphysema, etc., skin diseases like eczema, 
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scabies, gastrointestinal issues, etc. Table 1 below highlights common toxic 
substances found in e-waste and their impact on health6,7.  

 
   Table 3: Toxins in E-waste and Impact on Health 
 

Toxic Substance 
(Constituents) 

Source of E-waste Human Health Impact 

Lead (PB) ● Solder in printed circuit boards 
● Glass panels and gaskets in 

monitors  
● Stabilizers in PVC formations 
● Lead acid batteries  

● Can impact brain development in children 
● Kidney damage  
● Respiratory illnesses 
● Damage to central and peripheral 

nervous system 

Cadmium (Cd) ● Chip resistors  
● Semiconductors 
● Laptop batteries 
● Wire insulations 
● Coating for CRTs 

● Accumulates in kidney and liver  
● Causes neural damage 
● Teratogenic (causes birth defects) 
● Lead to kidney damage 

Mercury (Hg) ● Relays and switches 
● Printed circuit boards 
● LCD illumination 
● Lights 
● Computer batteries 

● Chronic damage to the brain 
● Respiratory and skin disorders due to 

bioaccumulation in fishes 

Plastics including 
PVC and BFR 
(Brominated 
flame retardants) 

● Cabling and computer housing/ 
insulation 

● Plastic casings 
● Circuit boards 
 

● Lung damage 
● Burning plastic produces dioxin causes: 

○ Reproductive and developmental 
problems 

○ Immune system damage 
○ Interferes with regulatory hormones 

● Disrupts endocrine system functions 

Hexavalent 
Chromium (Cr) VI 

● Corrosion protection (on 
ungalvanized steel plates ) 

● Asthmatic bronchitis  
● DNA damage 

Barium (Ba) ● Front panel of CRT ● Muscle weakness 
● Damage to heart, liver and spleen 

Beryllium (Be) ● Motherboard 
● Springs 
● Relay connections  

● Carcinogenic (lung cancer) 
● Inhalation of fumes and dust, causes 

chronic beryllium disease or berylliosis 
● Skin diseases such as warts 

                                                      
6 https://www.wm.com/sustainability-services/documents/insights/Responsible%20E-

Waste%20Management%20Insight.pdf 
7
 http://www.ehsdb.com/e-waste-safety.php 
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2.2.2 Ensuring a safe working environment 

Doko follows a Hierarchy of Control8 to reduce hazard exposure. The 
following section is only a summary for you to understand how Doko’s facilities and 
regulations are structured for your safety. For a detailed explanation of Hierarchy of 
Controls and how Doko sees its role as an employer, please refer to Doko’s General 
Health and Safety Standard Operating Procedures.  

 
1. Types of Hierarchy of Control:   

a. Elimination and Substitution: remove or substitute (replace) 
hazardous materials or machines with less hazardous ones; 

b. Engineering Controls: designing or including modifications to 
infrastructure, equipment, ventilation systems, and processes that 
reduce the source of exposure to hazardous materials; 

c. Administrative Controls: controls that improve the way work is 
done, including monitoring of work (shift, pace, and type of work at a 
station), policies, and work practices such as standards and operating 
procedures (including training, housekeeping, and equipment 
maintenance, and personal hygiene practices); 

d. Personal Protective Equipment: equipment worn by waste handlers 
to reduce exposure from harm ranging from chemicals and medical 
waste to loud noises that may damage hearing.  

2. Examples of Doko’s applied controls:  
a. One fire extinguisher per workstation with training on how to use them 

as well as an understanding that using water to extinguish chemical 
fires can exacerbate it OR one fire bucket filled with sand per 
workstation with training to understand that sand helps to extinguish 
oil fires by soaking the oil and choking the fire; 

b. Readily accessible First Aid Kit with medication that has not expired; 
c. First Aid training and ensuring that at least two trained individuals are 

on duty - one on the facility floor and a backup administrative staff; 
d. Oxygen tank in case of inhalation of noxious fumes that cause attacks 

or shortness of breath; 
e. Annual evacuation drills; 
f. Updated and easily accessible contact information and locations of 

hospitals equipped to handle industry related wounds like chemical 
burns; 

g. Updated and easily accessible contact information and locations of 
ambulance services, fire stations, blood banks, and other emergency 
services; 

h. Machinery that acts as a barrier between you and hazards like the 
Bulb Eater which captures mercury gas when it crushes a bulb.  
 

                                                      
8
 https://www.cdc.gov/niosh/topics/hierarchy/default.html 
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It should be noted that while Doko provides regulations, machines, procedures, and other 
related resources, none of these preventive measures guarantee complete effectiveness. All 
methods of control need to be implemented so that there is redundancy in reducing 
hazards. This includes ensuring that you, as a Doko technician, and someone being 

exposed to hazards, follow all regulations, maintain hygiene and workspace 

cleanliness, and always wear proper PPE. 

 

 

2.3 Section B: Personal Protective Equipment:  

Personal Protective Equipment (PPE) creates a physical barrier between you and 
the waste you handle. This barrier minimizes exposure to specific hazards. However, PPE 
does not reduce the hazard itself nor does it guarantee permanent or total protection. It 
merely serves as a first protective layer. PPE usage must be accompanied by proper 
hygiene, PPE maintenance, and ventilation. The following section describes a basic PPE set 
for a Doko e-waste handler as well as how it should be used and maintained.  

2.3.1 PPE Components:  

 

1. Full body uniform: Full body length cotton (or 
equivalent) is comfortable, breathable, and easy 
to manage during dismantling and refurbishing 
activities. 

 
 
 
 
 

2. Plastic apron: A full body plastic apron (gown) 
acts as a barrier between your clothes and 
chemicals. It is advisable to wear these while 
working with e-waste containing chemicals like 
lead acid batteries. 
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3. Safety glasses: Clear transparent fiber 
glasses with maximum eye protection 
coverage should suffice for normal work. 
However, while hammering, safety glasses 
with side shields are particularly important. 
Ideally, safety glasses or glasses should have 
side shields, or full face shields. 

 
4. Face mask: We recommend using a washable 

fabric mask with a replaceable PM2.5 filter. An 
equivalent reusable surgical face mask that can 
filter up to PM2.5 particulate matters can be 
used instead of a fabric mask. 

 
 

5. Ear plug: Safety ear plugs (muffs) are required 
while operating any machinery or performing any 
action (such as cutting or hammering) which 
produces a sharp/loud noise. Ear plugs can be 
corded or used as headphones as shown below. 
 
 
 
 

6. Shoes/boots: Closed toe shoes should be worn 
during normal work like refurbishing and 
dismantling. Steel toe shoes should be worn 
during heavy lifting and during waste collection.  

 
 
 

 
7. Helmet: Helmets should be used during 

collection, loading and unloading, and while 
dismantling heavy items. 

 

 

 
 

8. Gloves: We have identified and procured different types of gloves for specific 
operations. Doko’s table below lists when you should use each. 
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Table 4: Doko PPE Glove Requirements 

Types of Gloves  Picture Uses 

Kevlar 

 

Cut resistant heavy duty 
gloves when using cutting, 
grinding tools, shredding 
machines etc. 

Butyl rubber gloves 

 

Chemical resistant gloves 
when working with lead acid 
batteries, Li-ion batteries, and 
any other e-waste possible of 
leaching liquid chemicals. 

Latex coated cotton 
gloves 

 

Ideal for normal handling of 
e-waste like stacking, lifting, 
moving etc. 

Antistatic gloves 

 

Prevent electric shock. To be 
used while testing, 
refurbishing. 
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Vibration resistant 
gloves 

 

These gloves prevent the 
impact of prolonged 
vibration. To be used while 
working with tools and 
machines which vibrate. 

Heat resistant gloves 

 

To be used while working 
with furnaces. 

 

 

2.3.2 How to put on PPE:  

1. Wash your face and hands for at least 20 seconds or use sanitizer if hand 
washing is not possible; 

2. Change into your uniform or attire that covers your body (from the neck down 
to your wrists and ankles, ensuring there is no skin showing) so your personal 
clothes remain contaminant free;  

3. Put on your mask making sure you cover both your nose and mouth so you 
do not breathe in contaminants. Change your mask regularly, and 
immediately if it gets dirty or wet; 

4. Put on your safety glasses to protect your eyes from any workplace accidents 
or infectious agents in the air; 

5. Wear a helmet if necessary to reduce the impact of any head injuries; 
6. Make sure to wear thick clean gloves to protect your fingers while working 

and to avoid contamination;  
7. Wear closed, ideally steel-toed shoes that completely cover your feet to 

reduce injuries while lifting heavy materials. 
 

      2.3.3 Removing and maintaining your PPE:9 

1. Make sure you dust, brush, and shake off your PPE before removing it and 
entering the changing room;  

                                                      
9 https://ehsdailyadvisor.blr.com/2008/08/essential-ppe-care-from-head-to-toe/ 
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2. Remove your gloves and wash your hands thoroughly with disinfectant soap 
for 20-30 seconds. If disinfectant soap is not available, use sanitizer instead; 

3. Wear a new pair of gloves to take off your boots. Rinse the boots separately; 
4. Remove your PPE; 
5. Wash your PPE uniform and the second used pair of gloves. Soap or 

detergent and hot water will wash away contaminants that may have stuck to 
your PPE and gloves;  

6. Wash your hands thoroughly with disinfectant soap for 20 -30 seconds; 
7. Take off your helmet, face shield or eye protection safety glasses, and mask 

(in that order) and disinfect them using disinfectant solution, wipes, or sprays 
at the end of each work day. Ensure that you wash your masks separately 
from your gloves. If the mask used is a single use disposable mask, then 
dispose of it with  sanitary waste; 

8. When washing, cleaning or disinfecting your PPE, always be vigilant to check 
for tears, punctures, cracks, or any damage that may eventually allow for 
infections or injuries;  

9. Similarly, washing your hands to remove contaminants and maintaining your 
personal hygiene is also a critical component of PPE maintenance.  

 

2.3.4 Mask maintenance: 

As part of your PPE kit, Doko provides washable fabric masks with a 
replaceable PM2.5 filter.  

1. Clean your hands with either soap (20-30 seconds) and water or sanitizer 
with at least 60% alcohol before putting on or taking off your mask; 

2. Always remove your mask from its strings, without touching the front of the 
mask and reducing chances of you touching your face; 

3. Clean your hands again after removing the mask removing any possible 
transfer from your mask; 

4. Always inspect the mask for tears or holes, and do not use a mask if 
damaged; 

5. Wash fabric masks in soap or detergent and preferably hot water at least 
once a day. If hot water is not available, wash the mask in soap or detergent 
and room-temperature water followed by boiling the mask for 1 minute; 

6. Do not ever share your masks with others;  
7. If using a disposable mask, then dispose of it as medical waste after using it 

only once.  
 

2.4 Section C: Handling workplace hazards 

Handling hazards is a combination of being prepared with the right equipment like 
fire extinguishers and first aid kits, as well as knowing what to do in case of an emergency. 
This includes reporting all minor incidents, informing management about equipment that 
may need replacement or maintenance, and following all facility rules. 
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2.4.1 General Facility Safety Rules: 
1. Immediately inform your supervisor of any apparent unsafe conditions or 

procedures; 
2. Immediately report to your supervisor all work-related accidents or injuries no 

matter how slight or insignificant they may seem; 
3. Always request and wait for assistance when handling heavy or hazardous 

material or items; 
4. Safety shoes are required for all employees working in the warehouse; 
5. Proper personal protective wear must be worn in designated areas at all times; 
6. Only properly trained and authorized personnel may operate equipment; 
7. All machinery must be “shut off” and an electrical lock-out tag attached before 

servicing; 
8. Do not operate machinery or equipment unless you know how to operate; 
9. Designated passway and exits must not be blocked or used for storage; 
10. Tools and equipment must be used only for their intended purpose; 
11. Eating and drinking is permitted only in the lunchroom area; 
12. Ensure that your work space and surrounding areas are tidy and sanitized after 

use. This includes putting away tools immediately after use;  
13. Willful acts of horseplay, fighting, or ignoring established safety rules will 

constitute grounds for discipline up to and including termination of employment. 
 

 

2.4.2 Treating common workplace wounds:   

Doko’s policy is to ensure that a first aid trained staff member is on the facility 
floor during operations. Administrative staff that are first aid trained are backups. In 
the event neither first aid trained staff are available, you may follow these steps for 
each type of incident.  

 

1. Object in eye:10 

a. Wash your hands with soap and clean (ideally sterile) water.  
b. Try to flush the object out of your eye with a gentle stream of clean, 

warm water. Use an eyecup or a small, clean drinking glass 
positioned with its rim resting on the bone at the base of your eye 
socket. 

c. Do not try to remove an object that is embedded in the eye. 
d. Do not rub the eye. 
e. Do not try to remove a large object that appears to be embedded in 

the eye or is sticking out between the lids. 
 

                                                      
10 https://www.mayoclinic.org/first-aid/first-aid/basics/art-
20056645#:~:text=Use%20an%20eyecup%20or%20a,while%20holding%20your%20eyelid%20open. 
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Get immediate medical help if you can not remove the object 
with a water wash or you are experiencing abnormal vision, pain, 
consistent redness or still feel the object in your eye even after 24 
hours of removing the object.  

2. Open wound:11 

 

a. Wash and dry your hands thoroughly; 
b. Wear disposable gloves if available;  
c. If treating someone else, tell them what you are doing and make sure 

they are sitting or lying down. Oftentimes, in the case of trauma, the 
patient may not be able to comprehend what is going on or may even 
fight back. So it is important to keep engaging with them and 
explaining what is happening; 

d. Do not try to remove anything embedded in the wound, seek medical 
advice instead;  

e. Rinse the wound under running tap water for 5 to 10 minutes; 
f. Soak a gauze pad or cloth in saline solution or tap water, or use an 

alcohol-free wipe, and gently dab or wipe the skin with it. Do not use 

antiseptic as this may damage the skin; 

g. Gently pat the area dry using a clean towel or pad of tissues, but 
nothing fuzzy such as a cotton wool ball as the strands can get stuck 
to the wound; 

h. Apply a sterile dressing, such as non-adhesive pad with a bandage, or 
a plaster (waterproof dressing is ideal if available); 

i. If blood soaks through the dressing, leave it in place and add another 
dressing, and continue to apply pressure on the wound. If the wound 
is on a limb, raising it above heart level can also reduce bleeding. 
 

It is best to seek immediate medical advice if the bleeding 
continues heavily, the wound is very large or deep, something is 
embedded in it or it is just too painful to be successfully cleaned.  

3.  Chemical burn:12 

 

a. Flush the chemical off the skin with cool running water for at least 10 
minutes. For dry chemicals, brush off any remaining material using 
gloves or towel before flushing with water;  

b. Remove clothing or jewelry that has been contaminated by the 
chemical. Reactions with metals and plastic can exacerbate the burn;  

                                                      
11 https://www.nhs.uk/common-health-questions/accidents-first-aid-and-treatments/how-do-i-clean-a-wound/ 
12 https://www.mayoclinic.org/first-aid/first-aid-chemical-burns/basics/art-20056667 
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c. Cover the burn with a sterile gauze bandage (not fluffy cotton) or a 
clean cloth. Wrap it loosely to avoid putting pressure on burned skin; 

d. If you experience increased burning after the initial flushing, flush the 
burned area with water again for several more minutes; 

e. Make sure that your tetanus booster is up to date. 
 
You should seek medical assistance if your tetanus booster is not up 

to date, the burn is deep or 3 inches (~8 centimeters) in diameter, or if the 
burn is on the hands, feet, face, groin, buttocks or a major joint. 

 

4. Broken bones:13 

 

a. Apply pressure to the wound with a sterile bandage, a clean cloth or a 
clean piece of clothing; 

b. Do not try to realign the bone or push a bone that is sticking out back 
in; 

c. Apply ice packs (wrapped in a towel or cloth) to limit swelling and help 
relieve pain; 

d. If the person feels faint or is breathing in short, rapid breaths, lay the 
person down with the head slightly lower than the trunk and, if 
possible, elevate the legs; 

e. Seek immediate medical attention.   
 

Finally, in the case you are exposed to a rusty nail and your Tetanus 
vaccination is not up to date, you should seek immediate medical help. 
Please refer to the General Health and Safety Procedures for further details 
on vaccinations.  

 

2.4.3 Handling fire incidents: 

2.4.3.1 Chemical, short circuit and matchstick fires: 

a. Fires caused by electric short circuits or chemicals should be 
extinguished using a fire extinguisher or fire buckets. The pressurized 
nitrogen or carbon dioxide (CO2) will squelch the fire by preventing 
oxygen from expanding it. Fire buckets contain sand, which like foam, 
can choke fire and absorb catalysts like oil;    

b. Fires caused by a match or lighter that are not close to a power 
supply that could potentially catalyze the fire can be extinguished 
using water; 

                                                      
13

 https://www.mayoclinic.org/first-aid/first-aid-fractures/basics/art-20056641 
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c. If a fire is caused by a power supply or is close to a power supply, the 
power supply must be immediately shut down; 

d. If noxious fumes are inhaled, you should use the oxygen (O2) in the 
tank to avoid shortness of breath. 

2.4.3.2 Power cuts:  

a. If the power cuts out make sure to turn the machine off using its main 
switch preventing the machine from automatically restarting and 
catching workers off guard; 

b. Power up the backup power supply to prevent any accidents from 
heavy machinery dropping or letting go of loads;  

c. When you finish your shift, turn off all machinery you were operating 
unless the operation cannot be stopped and there are proper 
protocols that can be followed to ensure safe transition to the next 
Doko e-waste technician.   
 

2.4.4 Avoiding common accidents:   

2.4.4.1 Storage:  

Storage consists of three activities: pre-processing storage, 
component storage after dismantling, and storage after refurbishing.  Safety 
measures can be different for each operation mode. 

a. Pre-processing storage: 

i. Full body PPE set, steel toe safety boots, gloves and safety 
glasses should be worn during storage of un-processed e-
waste;  

ii. During storage, avoid dropping items as dropping and 
breaking might release toxic gas, chemicals, broken glass and 
large items may even fall causing injuries; 

iii. Check to ensure e-waste is being stored in the right place so 
that heat, weather, humidity, and other external factors do not 
cause unintended events;  

iv. Li-ion batteries should be stored in cool places avoiding high 
temperatures. 

b. Storage of components after dismantling: 

i. Precautions should be taken while storing broken components 
like glass, sharp edge metals, etc.; 

ii. Li-ion batteries should be stored in dark and in cool places to 
avoid overheating; 
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iii. Lead-acid batteries should be stored in a place to avoid any 
acid leakage. 

c. Storage of refurbished/antique items:  

i. Masks, safety glasses and gloves are enough while handling 
storage of refurbished and antique (20 years or more) items 
because the warehouse temperature, weather, and other 
external factors that can lead to accidents are controlled.  

2.4.4.2 Dismantling: 

a. Full body PPE dress, safety glasses, mask and boots should be worn 
while performing dismantle activities; 

b. The choice of safety gloves should be based on item whose 
dismantling is performed as shown in ‘Gloves’ section; 

c. If hammering is required, care should be taken to avoid small 
breakage pieces. This action can also injure co-workers in your 
vicinity;  

d. Chemical spilling items should be treated in a designated space only; 
e. Dismantling using machines should only be done by trained workers.  
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2.5 Section D: Summary  

 

Table 5: Summary of Health and Safety Requirements when handling and dismantling e-
waste 

Item 
type 

Materials 
recovered 

Hazardous 
substance 

Health risks Health and safety 
procedures 

PPE requirements 

Laptop ● Cables and 
wires 

● Aluminum 
● Steel 
● Plastics 
● Metal-

plastics mix 
● PWBs 

● Battery 
● Lamps 

(mercury) 

● Itchy skin 
● Eye 

irritation 
● Toxicity 

● Removal of the cold 
cathode fluorescent 
lamps from the laptop 
body is a very critical 
process. 

● These lamps contain 
mercury, therefore 
wearing an appropriate 
PM2.5 mask is 
mandatory. 

● Full body PPE 
suit 

● Safety glasses 
● Mask (PM2.5) 
● Closed- toe 

shoes 
● Anti-static 

gloves 

CPU 
(Desktop) 

● Cables and 
wires 

● Aluminum 
● Steel 
● Plastics 
● Metal-

plastics mix 
● PWBs 

● Batteries 
on PWBs 

● Itchy skin 
● Eye 

irritation 

● De-manufacturing a CPU 
is relatively harmless. 
Although there are no 
critical working processes 
involved, personal 
protection equipment like 
gloves, full body PPE suit 
and shoes should be 
worn. 

 

● Full body PPE 
suit 

● Safety glasses 
● Mask (PM2.5) 
● Closed- toe 

shoes 
● Anti-static 

gloves 
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CRT 
Monitor 

● Copper 
● Plastics 

(ABS/PC) 
● Aluminum 
● Metal Mix 
● Mixed Scrap 
● Wiring and 

Cords 
● PWBs 
 

● Leaded 
glass 

● Phosphor 
layer 

● PWBs 

● Lead 
poisoning 

● Cuts and 
wounds 
from 
broken 
glass 

● PPE such as safety 
glasses, full body PPE suit, 
closed shoes and gloves 
are crucial as potentially 
harmful steps such as 
glass cutting, magnetic 
deflector, hammering 
etc., are involved in 
dismantling CRT monitors 
and can cause harm.  

● Special attention should 
be given while: 
○ Equalizing pressure 

in the CRT glass body 
which prevents 
explosion and 
release of 
contaminants; 

○ Storage of the glass 
and the phosphor 
layer without  any 
release of 
contaminants. 

 
 

● Full body PPE 
suit 

● Safety glasses 
● Mask (PM2.5) 
● Closed- toe 

shoes 
● Cut resistant 

gloves 

Flat 
Screen 

● Plastics 
(ABS/PC/HIP
S) 

● Aluminum 
● PWBs 
● Metal mix, 
● wires, 
● Liquid 

crystal glass 
 

● LCD 
backlights 
(CCFL) 

● CCFL 
containing 
Hg (risk of 
breakage 
and 
inhalation) 

● Remove the crystal liquid 
containing glass and the 
CCFLs. These lamps 
contain mercury, thus 
wearing an PM2.5 mask is 
essential. 

● Check if the backlight 
lamps are broken (This 
happens often during 
transportation). If broken, 
they might release 
mercury. 

● Full body PPE 
suit 

● Safety glasses 
● Mask (PM2.5) 
● Closed- toe 

shoes 
● Cut resistant 

gloves 
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Printed 
Wiring 
Boards 
(PWB) 

● Chips, 
● Ferrous 

metals, 
● Copper, 
● Aluminum 

● Batteries 
● Capacitors 

● Respiratory 
problems 

● Itchy skin 
 

● The main exposure of the 
worker to hazardous 
substances comes from 
the dust that can be 
contaminated by several 
substances present inside 
the computer. Therefore, 
it is recommended that 
workers: 
○ fix the dust by 

spraying a little bit of 
water on the boards 
before handling 
them, 

○ wash hands 
regularly, 

○ heal injuries 
immediately (cuts), 
and 

○ avoid breaking open 
batteries and 
capacitors. 

● Full body PPE 
suit 

● Safety glasses 
● Mask (PM2.5) 
● Closed- toe 

shoes 
● Anti-static 

gloves 

Printer ● Plastics 
● Ferrous 

metals 
● PWB 
● Mixed wiring 

● Cartridges 
● Toners 
● Photocon

ductive 
drums 
(laser 
printer) 

 

● Asthma, 
● Temporary 

breathing 
problems 

● Eye 
irritation 

● Itchy skin 

● Dust protection measures 
are necessary to protect 
the air passage and to 
minimize occupational 
health hazards for 
concerned workers. 

● Workbench with vacuum 
arrangement is 
recommended to absorb 
carbon dust. 

● Full body PPE 
suit 

● Safety glasses 
● Mask (PM2.5) 
● Closed- toe 

shoes 
● Butyl rubber 

gloves 
● Ear Plug 

Mobile 
phones 

● PWB  
● Plastics 
● Steel 
● Aluminum 
● Liquid 

crystal 
display 

 

● Battery ● Chemical 
exposure 
from 
damage 
battery 

● No steps are involved that 
present a risk to human 
health or to the 
environment. 
Nevertheless, workers 
should wear basic 
protection equipment like 
gloves, full body PPE and 
safety glasses. 

 

● Full body PPE 
suit 

● Safety glasses 
● Mask (PM2.5) 
● Closed- toe 

shoes 
● Protective 

gloves 
● Ear Plug 
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Mercury 
bulb 

● Glasses 
● Cables and 

wires 
● Mercury 

● Mercury ● Nausea 
● Cancer 
● Loss of 

vision 
 

● Crushing releases 
mercury gas that needs to 
be captured. Bulb eater 
machinery can effectively 
capture gas. 

● safety glasses  
● Gloves 
● Full body PPE 

suit 
● Mask (PM2.5) 
● Ear plug 

Lead acid 
Battery 

● Lead 
● Acid  
● Metal 

● Lead 
● Acid 

● Skin 
irritation 

● Eye 
irritation 

● Accumulation of acid into 
a container while 
neutralizing it with alkali 
is a critical process. So, 
make sure that all the 
necessary precautions are 
taken. 

● Full body PPE 
suit 

● Safety glasses 
● Mask (PM2.5) 
● Closed- toe 

shoes 
● Butyl rubber 

gloves 
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Ch. 3 Process of E-waste Management 
 

3.1 Logistics 

3.1.1 Introduction 

The logistics process is crucial since it connects Doko Recyclers to different 
sources of e-waste in the country. This procedure also assists in the efficient 
collection, management, and recycling of e-waste. Logistics starts with a request for 
pickup (Ch 3.1.2), continues with the scheduling of the requested pickup, safe 
transportation, and proper storage as well as handling. Logistics is managed with the 
overall coordination of our ground level pickup staff, the operations team, alongside 
the assistance of the business development and communications team. 

 

3.1.2 Client Categorization and Enrolling Process 

Clients are broadly categorized into ‘Household’, ‘Corporate’, and ‘Trading’. 
Most of the bulk orders come from corporate and trading clients. Sometimes it is 
necessary to put clients with bulk orders to the Household category to ease the 
pickup process. 

Client enrollment is a major task of the communications team at Doko. Some 
clients are signed up through partnerships, word of mouth, and personal 
relationships. Others, such as for business and trading companies, a series of 
meetings is organized until a negotiation is established for service commencement. 

 
Doko currently handles three kinds of sources: i) Household ii) Corporation iii) 
Trading: 
 

● Household clients approach us with a request for pickup, which needs to be 
followed by the creation of a unique DOKO User ID for each pickup order. Then our 
Operations Team manages a schedule accordingly for pickup and the Doko e-waste 
handlers team will arrive at the client’s location to dispatch their e-waste to our 
recycling facility.  
 

● Corporate clients' pickup schedules have to be fixed and the routine should be 
continually followed with a separate registration of DOKO ID for each pickup time. 
Extra pickup schedule timings should also be fixed as per the requirement of the 
client. 
 

● Trading clients are bulk e-waste generators like importers of electronics, service 
centers, producers, etc. The Business Development team shall work on analyzing 
bulk order placing clients. They should assess the valuation of waste, make a 
purchase scheme that works for both the parties and decide correspondingly. After 
affirmation, the Operation Team ought to schedule a pickup, whereby the Doko e-
waste technicians collect and dispatch the e-waste to our Bhaktapur facility. 
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3.1.3 Pickup process 

Doko recyclers distinguish three different reverse logistics paths.  

 
 

Figure 3: Flowchart for overview of pickup system 
 

 
 

Figure 4: Doko dashboard to place a pickup schedule 
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3.1.4 Second Hand Purchase 

Second hand purchases come particularly from bulk orders, tenders, and on 
client’s request. Negotiation needs to occur either at our MRF or at the client's 
destination. Doko’s technical team should generate the valuation of the waste for 
bulk orders and tenders. If Doko negotiation is successful, follow the same procedure 
(as shown in Fig 1) starting from the creation of a DOKO ID to dispatching the waste 
to our MRF facility.  

 

3.1.5 Collection 

After the pickup, the Doko Pickup Team sets off to the client’s location to 
collect the waste. Before the team leaves MRF, it is mandatory for Doko e-waste 
collectors to take the pickup kit and essential tools. Similarly, Doko e-waste 
technician should ensure the placement of three special containers in the pickup 
vehicle categorized for: 
1) Pickup kit: 

● Pen 
● Permanent and board marker 
● Carton sealing tape 
● Scissors 
● Calculator  

2) Laptops and mobile phones 
3) Mercury lamps 
4) Li-ion and other batteries 
5) Wooden pallet (for bulk lead acid batteries pickup) 
6) Plastic bags 

 
The first step for a Doko e-waste technician after reaching the client's location 

is to weigh the e-waste. An entry should be made to the purchase receipt (PR) based 
on the composition of the waste. The PR contains a list of mainstream e-waste items 
produced in households/received in general. The Doko e-waste handler needs to 
weigh the individual items and note them down in the PR. Each collected item needs 
to be recorded in the purchase receipt either in pieces or weight (in most cases in 
kilograms), as mentioned in the buying price list. Furthermore, it is necessary to 
include the mode of payment in the PR as either Cash, Credit, or Donation.  

For credit purchases, issue credit bills. For cash purchases, cash should be 
handed over directly to the seller. For clients donating their trash, make sure the 
client puts their signature on the PR. The waste should then be transported safely to 
our MRF facility. The waste load is again checked upon arrival according to the entry 
made in the PR by our Operations staff. Afterwards, a DOKO ID unique to each 
client is created and registered in our system. 
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Figure 5: Doko Technician weighing e-waste of 

household client 

 
Figure 6: Doko Technician making PR entry 

  
 

 
 

Figure 7: Sample purchase receipt 
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3.1.6 Pickup procedures and schedule 

  

 
 

Figure 8: Pickup schedule process 
 

3.1.7 Details for pickup schedule 

To place an order, our Operations and Logistics team should take information 
like the contact person’s name, email address, and contact address (with 
recognizable landmarks). It is of our utmost concern to serve any customers, 
irrespective of nationality, gender, racial or ethnic origin or belief. Along with all the 
information required for regular clients, the Operations team also needs to make sure 
that there is a Nepali speaker on the client’s side to ease communications for Doko’s 
e-waste pickup staff. Pickup schedule information should be relayed by the 
Operations team effectively and clearly to Doko e-waste pickup staff. 

 
Assessment: 

Doko’s Communications team is responsible for customer confirmation and e-
waste assessment. The Communications team needs to provide customers with an 
assessment or service proposal via email/ text message which should be followed by 
a personalized meeting. In this meeting, our communication team should explain 
Doko's designated route and timings. They should also conduct an assessment of 
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customers’ ground level staff and waste composition and volume. This assessment 
helps to determine the frequency of waste pickups for the particular client and 
ensures that the pick up vehicle has the capacity to handle the volume of waste 
generated by the client per pick up. If the Communications team is having doubts 
about the e-waste volume estimation and valuation, the Communications team 
should recommend an expert Doko e-waste technician/valuator to take over. 
Furthermore, the Communications team should come up with a service cost plan 
while coordinating with the Operations team. 

 
Pickup schedule: 

With this information from the Communications team, the Operations team 
should proceed by creating a user account. They should  propose a route to the 
customer. Priority for pickup schedule should be done as per the client's 
request/requirement and capability of our vehicle. The Operations team should 
always provide clients with two pick up timings as an option. A sample pickup can be 
moderated for free for the client after signing the service contract. This will assist in 
formulating an administration plan and moderating constructive iterations for the 
pickup schedule. This information should be passed onto the clients either by the 
Communications team or by the Business Development team. Further, the 
Operations team should inform the clients via call/text/email if their pick up is halted 
under any circumstances.  

 
Client maintenance: 

A Doko agent is assigned for the handling and maintenance of a client. S/he 
is responsible for managing the client’s pickup route, date, time, frequency and 
additional necessity/request. The Doko agent should pass client’s information to the 
Operations Team. They should conduct a weekly/monthly review meeting and client 
feedback sessions. Doko also runs monthly ground level and operation team 
meetings, which helps in increasing efficiency of our e-waste pickup system.  

 
Client Payment: 

The pickup sheet Doko gives to the e-waste pick up team contains a field for 
payment remarks. The estimation of payment should be filled in the “Remarks” field. 
Accordingly, the Operations Team needs to give an estimated sum of cash in 
advance to the e-waste pickup team to pay for the clients. In case, if the hand cash is 
not enough, the e-waste pickup staff should ascertain to write some feedback in the 
purchase receipt stating insufficient cash or other preferable modes of payment by 
client. The insufficient cash should be settled in the next pickup or should be 
transferred through online payment from the Doko’s Accounts section. 

 
Dashboard: 

Doko’s dashboard is made accessible to all the clients. There is detailed 
information on every trade transaction, client cycle, impact statistics such as saved 
resources, and other clientele information on Doko’s dashboard.  
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Household clients can create an account for themselves to check their e-
waste status. Additionally, the Operations team/Communications team/Business 
Development team needs to set up a login account for our corporate clients. This 
account information should then be made accessible to the respective client. 

 
Cancelled Order: 

For cancelled orders, the reason should be well stated with additional 
remarks. If the pickup is to be rescheduled, a new Doko ID should be created for the 
new order. The dashboard’s algorithm automatically generates a unique ID. The 
cancelled order needs to be enlisted in the same section for future reference. 

  
Price list: 

The change in price in the pickup sheet should be immediately updated and 
passed over to the e-waste pickup team. Some clients have specified price 
agreements. Thus, this information of our specialized price list should be given to the 
e-waste pickup staff. 

 
Pick up Team Materials: 

Doko e-waste pickup staff should always take the following items during each 
e-waste pickup: 

1) Pen 
2) Marker 
3) Calculator 
4) Purchase receipt (PR) 
5) Pickup sheet 
6) Client based price list 
7) Weighing machine 
8) Necessary tools 
9) PPE 
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Figure 9: Pickup process flowchart 
 

All the items collected from the client need to be handled safely to avoid any 
further breakage during transportation. While loading into the vehicle, the materials 
should be stacked in an organized manner. 

The hazardous e-waste should be handled cautiously to avoid any breakage 
limiting direct human contact. Mercury lamps should be placed in carton boxes 
meant for only mercury lamp collection. Li-ion batteries are required to be collected 
in separate containers. Lead acid batteries should be handled carefully to avoid acid 
spilling. They should be placed in the corner of the vehicle and covered with some 
plastic covering to avoid contact with other e-waste items. Further visual examination 
should be done to check if there are any gas leakages, broken mercury lamps, and 
chemical leakages in e-waste.  

High value items like laptops, desktops, IT assets, etc., should be collected in 
separate carton boxes and stacked in the corner of the collection vehicle to avoid 
any breakage. 
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Figure 10: Stacking e-waste in the vehicle by Doko technicians 

3.1.8 Offloading 

Once the vehicle arrives at MRF, the materials should be offloaded to a 
designated place. While unloading materials, the e-waste handling team has to work  
with care, safety and expertise to avoid any breakage, spilling, and hazardous 
exposure. Offloaded material shall go to preliminary sorting in order to record 
individual inventory items. 

 

 
Figure 11: Vehicle at MRF after collection 

 
Figure 12: Offloading using manual forklift 
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3.1.9 Record Entry 

The offloaded material has to be weighed and recorded in a file. The process 
of recording is completed in two stages.  

The first stage incorporates detailed entry of received goods which can be 
counted and requires further processing. The data fields that should be entered 
during this process are: 

1. S. No. 
2. Date (AD & BS) 
3. Doko ID 

4. Item Name 

5. Make 

6. Seller Name /Organization 

7. Item Code 

8. General Condition 

9. Category 

10. Status 1 (Physical damage, accessories etc) 

 
 

Figure 13: Sample record entry of collection 
 

In the second stage the entire consignment must be weighed and kept 
meticulously in the record with the given fields such as: 

1. S. No. 
2. Date (AD & BS) 
3. Vehicle number 
4. Driver name 

5. Helper/agent name 

6. Total weight 
7. Remarks 

 



49 
 

3.1.10 Temporary Storage 

The e-waste received from the pickup should be safely stacked in designated 
locations for temporary storage. Few valuable items like laptops and mobiles need to 
be stored in a rack with lock arrangement. 

 
 

3.2 Screening  

 

 Screening is one of the most important aspects of e-waste handling in Doko as this  
pre-sorting technique helps us maximize revenue generation based on the retrieved items. 
Screening must be done by an expert technician with sound knowledge of electric and 
electronic devices. Refurbished and spare parts extraction holds top priority in Doko 
Recyclers due to its high revenue generation. A detailed explanation of our screening 
workflow modality is mentioned in the flowchart below. 

Incoming e-waste is inspected on several factors such as physical structure, 
operation modality, working performance, constraints of component extraction, 
refurbishment status, spare parts availability, and other factors determined by the Doko’s e-
waste experts. 

 
Figure 14: Screening method in Doko Recyclers 
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3.2.1 Steps of screening 

 

1. Visual Inspection 

 
This is the first step to identify how to proceed with any incoming e-

waste items. This also eliminates the need to inspect each item thoroughly 
hence saving resources. The inspected items can be broadly classified into 
three categories which are discussed below: 

 

  

 
Figure 15: Doko Technician during screening process 

 
a. Broken and obsolete items  

If the scrap collected is not in a working condition or cannot be further 
sold, then the items should be sent to the dismantling section. Technicians 
should thoroughly look for breakage in the device which exceeds the 
acceptable limit (extent of breakage might vary from item to item). 

 
Items like cables, lamps, screens, broken televisions, devices 

damaged by fire, batteries, items which are labeled non-relevant and cannot 
be sold in the second hand market need to be sent directly for further 
dismantling and disposal. 

 
In the process of dismantling, the components in the e-waste items 

are extracted. The extracted components are segregated and inventoried. 
Some components are sold for recycling and some are used later as spare 
parts during refurbishment. 
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Figure 16: Record keeping and inventory after dismantling 

2. Further inspection  

 
The Doko e-waste team runs a set of inspections for further 

examination.  The proper investigation of items helps increase the chance of 
refurbishment and reuse. Major testing parameters are mentioned below: 

 
● All components intact (if all components are still intact in 

device) 
● Power test (power supply given and check the response of 

device) 
● Fuse test (check if fuses are working properly) 
● Component replacement test (test by changing batteries, 

cartridge, etc) 
 

The outcome of the essential parameters test decides if the device 
can be repaired or not. 

 
 

Figure 17: Further inspection and testing 
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Commercial viable test:  
In this step, the device is further tested and analysis is done 

based on its predicted commercial value in lieu of time, effort, and 
cost invested to repair the device. If the test output is positive, the 
device is then sent to the refurbishment station.  

 
 

Figure 18: Commercial viability test 

 
○ E.g. If a halogen room heater can be repaired just by changing 

its halogen tube, then the outcome can be marked positive 
since it will be commercially viable and economically feasible. 
However, if it requires replacing wirings, or has internal 
problems with motors etc., the output will not justify the 
rigorous efforts put into it and the outcome will be negative. 
Here, the maintenance cost for the device will be very high 
which could be difficult to sell in the second hand market. 
Likewise, people can opt for a new heater at the same price.  

   
Note: It is advisable to send a few items directly to refurbishment stations like 
laptops, branded desktops, laser printers, servers, network switches etc. 
These items hold high value and justify the resale price after refurbishment.  
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Figure 19: Record keeping and inventory of items sent to refurbish station  

 

If the output of a viable test is “NO”, then it is better to send the device for 
further dismantling and recovery of recyclables as well as components.  

3. Antique items 

 Old and unique antique items are received often as waste. These 
items need to be distinguished from other items. Antique items can be 
anything from old floppy disks (5 inch) to manual typewriters and radios 
(models older than 30-40 years). The judgments for antique items are 
subjective and should be done intuitively. 

Antique and unique items are further categorized into two categories; 
“working” and “not working” after performing basic tests as explained above 
in “commercial viable test”. The only difference between category b and c is 
that even if the test fails, items are stored separately for selling. 

 
Figure 20: Antique and unique items stored after screening 
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All the sellable items and components recovered after dismantling are stored 
in separate shelves with proper labelling and inventory record keeping. 
 

 

  

 
Figure 21: Sellable items and components 
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3.3 Treatment 

3.3.1 Manual Dismantling 

3.3.1.1 Introduction 

Manual dismantling is the first step towards processing e-waste safely and 
ensuring environmental management. Dismantling e-waste allows for handlers to 
remove, separate and manage each component properly as some can be 
hazardous. This is the most basic requirement where e-waste needs to be identified 
after which  processing can begin with manual dismantling. Dismantling is the pre-
treatment process where various components are separated into hazardous or  non-
hazardous and  recyclable or  non-recyclables. These segregated recyclable 
components are passed on to downstream partners as raw materials. Furthermore, 
in section 5.1.10 (Handling Hazardous Components), handling procedures for 
hazardous and non-recyclable components are elaborated. 
 
There are 4 major steps to be followed for dismantling: 

1. Identification of items to be dismantled 

2. Opening /unscrewing of items 

3. Dismantling hazardous components 

4. Dismantling and segregating sellable items 

 

3.3.1.2 Tools Required for Manual Dismantling 

 

Hand held tools are required to start dismantling. The list below identifies key 
tools needed for this process.  
 

Table 6: List of tools required 

S. No. Tool Name Picture 

1 Large Screwdriver Set 
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2 Small Screwdriver Set 

 

3 Power Screwdriver Set 

 

4 Hammer Set 
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5 Plier Set 

 

6 Wire Cutter 

 

7 Bolt Cutter 
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8 Paper Cutter 

 

9 Wrench Set 

 

10 Pipe Wrench 
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11 Small Axe 

 

12 Hexagon Key Set 

 

13 Tweezers Set 
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14 Mobile Dismantling Set 

 

15 Angle Grinder/Cutter 

 

16 Universal Wrench Set 

 

17 T-type Wrench 
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18 Weighing Scale (200 
Kg) 

 

 

3.3.1.3 Personal Protective Equipment Requirement  

  
It is required to wear personal protective equipment and follow all the Health 

and safety guidelines during the manual dismantling process. Details for PPE and 
Health and safety protocols are described in Chapter 2 (Health and safety). 

 

.  
    Figure 22: Doko technician with full body PPE 

3.3.1.4 Level of Dismantling 1 

 

For manual dismantling, different dismantling levels can be applied, ranging 
from only depolluting the devices to in-depth dismantling of all components. 
Generally, a more detailed and in-depth dismantling generates purer fractions with 
higher values. At the same time, a detailed dismantling is more labour intensive 
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(increased work hours and level of exposure to risk as well as conscientious efforts 
in avoiding risk) and therefore generates higher personnel costs. 

 
Further, appropriate downstream partners have to be found for the separated 

fractions. Therefore, the optimal dismantling level should be chosen depending on 
the available subsequent recycling processes as well as on the expected labour 
costs. 
For example, the dismantling depth of a laptop can be categorized into three levels:  

 
Dismantling Level A  

● Removal of various components like battery from laptop, cartridge 
from printer, etc. 

● Primary unscrewing to separate into major components like 
separating screen, keyboard and hard drive from laptop. 

 
Figure 23: Level A dismantling of a laptop 

Dismantling Level B 
● Unscrewing all internal components 

● Removing energy source like CMOS battery etc 

● Removing wires, ribbon cables, and all accessories 

● Segregating components according to its recycling properties 

 
Figure 24: Level B dismantling of a laptop 
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Dismantling Level C 
● Dismantling HDD, CDD 

● Obtaining more pure metals (copper, etc.) 
● Removing impurities from plastic parts 

 
Figure 25: Level C dismantling of a laptop 

3.3.2 Examples/Guidelines for manual dismantling  

3.3.2.1 Central Processing Unit (CPU)/Desktop 

 
● A Central Processing Unit (CPU) generally consists of a metal or plastic case, 

several subcomponents like hard drive, CD ROM, power supply, printed 
wiring boards (PWB) and cables.  

● Dismantling of subcomponents is not always effective since it is highly labor-
intensive and can only be processed by a few industries.  

● Removal of hazardous substances (e.g. batteries and large size capacitors 
on PWBs) is required.  

● Dismantling of a CPU will be done until level B. 
 

 
Figure 26: Desktop 
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Health & Safety 

 
Dismantling a desktop (CPU) does not include any harmful steps. 

Nonetheless, workers should wear personal protection equipment. 
 

Tools required (refer to the ‘Tools’ section for details on tools):  
  • Large and small screwdriver set 

• Wire cutter 
• Pliers 
• Power screwdriver 

 
 

 

Steps to Dismantle 

 

1. Unscrew the casing cover 
 

 Remove the CPU casing to get 
access to the internal components by 
unscrewing all screws.  

   
  Use a power screw driver where 

applicable to save time. 
 

2. Unplug all the cables connected in 
motherboards, hard drive, floppy 
drive (FD), CD drive. 

   
  Unplug all the cables and wires by 

pulling them straight out or releasing 
them by applying pressure to the clip if 
there is a locking clip. 
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3. Remove RAM   
 
Lift the lock aside. Pullout the RAM 
gently from its slots. 

 

4. Unscrew all the internal components. 
 
Remove the screws holding the 
internal components to be able to 
remove them all. 

 

5. Remove hard drive (HD), floppy drive 
(FD), CD drive 

Once all wires and cables have been 
disconnected, the drives (floppy 
drive, CD drive and hard disk drive, 
etc.) can be removed. 
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6. Unscrew and remove the 
motherboard from the casing. 
 
To remove the motherboard it is 
necessary to remove all other 
components first from the computer 
case. Along with the motherboard all 
other PWBs can be removed. 
 
The number of mounting screws 
attaching the motherboard to the 
case will vary from 3-10 depending 
upon design. Some will be held in 
place with plastic clips rather than 
screws For removal of plastic clips, 
simply break them off with a 
screwdriver or plier. 
The motherboard contains some 
components that can be removed 
such as RAM, Cmos battery, NIC 
(network interface card) and the 
CPU. 

 

7. Remove heatsink and fan from 
processor. 
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8. Remove processor. 

 

9. Remove any other fan / components 
from the casing. 

 

10. Segregate the components received 
after complete dismantle. 
 
Separate the remaining materials 
according to their type (e.g. 
aluminium, ferrous metals, plastic, 
further PWBs, etc.). 
 
Make sure the plastic parts are 
completely free of metal pieces.  

11. Crush the metal box. 
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12. Put any batteries in a separate box 
for adequate disposal. 

 
 
 
Output Fractions 

On average, a desktop computer weighs about 10 kgs and takes 10-20 
minutes to dismantle upto level A (dismantling of subcomponents excluded). The 
following graph shows the share by weight of the recoverable material. 

  
Figure 27: Output fractions of different components from desktop 

 

PWB, Cables, and Plastics are not recyclable in Nepal; power supply units, CD drives, floppy 
drives can be directly sold or dismantled as Level C. For further questions, please refer to 
your Operations Manager who can explain in detail or direct you to other resources.  
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3.3.2.2 Laptop 

 
● A large variety of different laptop models exist and disassembly steps can thus 

vary by brand and model. A laptop usually consists of the following 
subcomponents: LCD screen, hard disk drive, battery, PWBs, compact disk drive, 
cables, keyboard, etc. Separating the subcomponents of a laptop computer can 
be tricky and laborious. 

● Doko e-waste technicians should always wear their PPE kit which includes gloves, 
protective shoes and either aprons or full suits.  

● The critical step when disassembling a laptop is the removal of the cold cathode 
fluorescent lamps (CCFL). Not all laptops contain CCFL, recent models of laptops 
contain LED as back light. Check the lighting type before moving ahead with 
backlight dismantle. Avoid the damage of the CCFL during the removal of the 

LCD screen from the laptop body. 

● Once the CCFLs are separated, they must immediately be put into an adequate 
container. As these lamps contain mercury, wearing an appropriate mask is 
imperative (FFP3 mask). 

 

 
Figure 28: Safe storage of CCFL (Src: E-waste manual GIZ) 

 
● Dispose these CCFL using the bulb eater device 

 
Note: As the construction of laptops can differ, the dismantling steps mentioned 
below can vary in their order.  

 
Health and Safety 

The critical step in de-manufacturing a Laptop is to dismantle the LCD screen 
containing glass and the CCFLs. Often the backlight lamps are already broken due 
to transportation. As these lamps contain mercury, wearing an appropriate mask is 
essential. For Laptop with LED backlight screen, dismantling does not include any 
harmful steps. Nonetheless, workers should wear personal protection equipment. 
Tools required (refer to tool section for details of tools):  
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● Small screwdriver set 
● Wire cutter 
● Pliers 

● Power screwdriver 
● Tweezers 

 
Steps to Dismantle 
 

1. Remove the battery. Usually no tools 
are needed to remove it.  

 

2. Remove all the external cards 
(memory module, wireless card, 
modem card etc), hard disk, and CD 
drive. 
Note :  If you cannot find the HDD, it is 
most likely hidden under the keyboard 
or under the top cover assembly. If 
you cannot find securing screws for 
the optical drive on the bottom, they 
are most likely under the keyboard. 
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3. Remove all screws on the bottom of 
the laptop. 

 

4. Remove the keyboards securing strip 
and remove the keyboard using 
tweezers. 

 

5. Remove all screws under the 
keyboard. 
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6. Cut/disconnect all cables. 

 

7. Remove all screws securing the 
display assembly. Lift the LCD display 
off the base.monitor 

8. If this is not possible, break the 
display off the main body (e.g. by 
hyper-extending the hinges). Go on 
along with instructions for LCD 
screens. 

9. Ensure that the LCD backlights do not 
get damaged. The back light can be 
re-used in repairing other laptop 
screens  

10. Dispose the CCFL using a bulb eater. 
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11. Lift the top cover assembly off the 
base and put it to the appropriate 
fraction. 

 

12. Remove all screws securing the 
system board, the power board, the 
video board, etc. Disconnect all cables 
connecting the boards. 

 

13. Remove all printed wiring boards 
(PWB), motherboard, RAM, 
processor. 
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14. Separate the remaining materials 
according to their type (e.g. 
aluminium, Iron, plastic, PWBs, etc.).  
 

15. Make sure the plastic parts are 
completely free of metal pieces. 

 

 
 
Output Fractions 

 
On average, a laptop weighs 2.5 kgs. Depending on the brand and model, 

the dismantling time of a laptop may take up to 30 minutes. The following graph 
shows the share by weight of the recoverable material. 
 

Figure 29: Output fractions of different components from laptop 
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PWB, Cables, Li-ion battery and Plastics are not recyclable in Nepal; CD drives and Hard 
Disks can be directly sold or dismantled upto Level C; Screen is not recyclable in Nepal and 
kept aside for further use as spare part during refurbishment. For further questions please 
refer to your Operations Manager who can explain in detail or direct you to other resources.  

 

3.3.2.3 CRT Monitors and Television (TV) 

 

A CRT monitor consists of a plastic case (ABS/PC), a cathode ray tube (CRT) with 
an attached magnetic deflector and electron gun, printed wiring boards (PWB), a 
loudspeaker, and cables. The CRT glass contains a large amount of lead which may be 
released when it breaks. Therefore it is crucial to only conduct dismantling operations on 
monitors in adequate facilities. 

 

 
 

Figure 30: CRT TV 

 
Health and Safety 

A vacuum is applied to the interior of all CRT monitors. The monitor may implode if 
the outer glass envelope is damaged. Due to the power of the implosion, fractions may 
bounce and explode outwards with splints travelling at potential fatal velocities. To avoid 
personal injury, it is therefore crucial to equalise the pressure before any further treatment. 
Wear protective equipment to smash the magnetic deflector with a hammer as flying 
splinters can injure personnel. 
CRTs must be handled carefully also after pressure equalizing to ensure that no substances 
of concern are released. CRT glass bodies should be further processed only in industrial 
channels with adequate facilities. 
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Figure 31: Cross section of a CRT monitor (SRC: E-waste manual GIZ; Lenz and 
Afoblikame) 

 
Tools required (refer to tools section for more detail): 

• Large screwdriver set 
• Wire cutter 
• Pliers 
• Industrial scissors 
• Power screwdriver 

 
Steps to Dismantle 

 

1. Monitors and TVs have to be placed 
face down on a smooth surface to 
avoid breakage of the front glass 
screen. The front glass contains an 
inner phosphorus coating and has 
high air pressure; sudden breakage of 
glass can lead to small glass pieces 
shattering which can hurt the 
personnel working on it.   
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2. Remove the plastic casing by 
unscrewing all the screws in the 
cover. Clean the casing properly by 
removing all the foreign materials in 
the plastic such as labels, rubber 
mounts etc. 

 

3. Before removing other parts from the 
monitor, it is crucial to equalize 
pressure in the CRT glass body. 
Therefore place the side of the 
monitor screen with the flap (anode 

connection) away from your face. 
 

4. Remove the flap in the monitor screen 
with a flat screwdriver and punch 
carefully a hole into the CRT glass 
where the flap was fixed. 
Equalize the pressure carefully and 
wear protective equipment! 
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5. Remove the cable ties around the 
wires, so that you can freely remove 
the wires from the monitor. 

 

6. There are generally two Printed Wiring 
Boards (PWB) in a monitor. A small 
PWB is attached at the base of the 
monitor screen by glue or a screw. A 
bigger PWB is attached at the back. 
Particularly the bigger PWBs might 
need further dismantling. 

 

7. Cut off all the wires around the 
monitor to be able to remove the 
magnetic deflector (on top of the CRT 
glass) that is wrapped around in 
copper. 
Remove the magnetic deflector 
carefully to avoid that the electron gun 
on top of the CRT gets destroyed! 
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8. Remove the copper from the Magnetic 
Deflector using a hammer.  
 

9. Strip the big wire around the monitor 
screen with a knife or a side cutter 
and remove the copper.  

 

10. Clean the copper, plastic and steel 
and place it aside separately. 

 

11. Keep the glass part aside safely in a 
designated space for future disposal 
in the landfill site.  
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Output Fractions 

 

 
Figure 32: Output fractions of different components from CRT monitor 

 

Glass and Plastic components are non recyclable and need to be disposed of in landfill sites; 
Metals (ferrous and non ferrous), thick cables are recyclable; PCB and ribbon cables are non 
recyclable in Nepal but need to be stored for further processing via the informal sector. For 
further questions please refer to your Operations Manager who can explain in detail or direct 
you to other resources. 

 
 

3.3.2.4 Flat screen monitors and TV 

 

Flat screen monitors or TV contains Cold Cathode Fluorescent Lamp (CCFL) or LED 
lights as backlights. Special care should be taken to those devices containing CCFL as a 
light source as CCLF contains mercury. LED light sources are easy to handle without risk. 
 
Health and Safety 

The critical step in de-manufacturing a flat screen monitor is to remove the crystal 
liquid containing glass and the CCFLs. Often the backlight lamps are already broken due to 
transportation. As these lamps contain mercury, wearing an appropriate mask is essential. 
 
 

 

Tools Required (refer to tools section for detail) 
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• Large screwdriver set 
• Small screwdriver set 
• Wire cutter 
• Pliers 
• Power screwdriver 

 

Steps to Dismantle 

 

1. Monitors and TVs have to be placed 
face down on a smooth surface to 
avoid breakage of the front glass part. 
Remove the monitor stand and 
dismantle it. It consists of some steel 
and plastic elements. 

 

2. Remove the back casing by 
unscrewing all screws. Use a power 
driver for fast action. 
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3. Remove the front frame, so that you 
can freely remove the wires and 
switches. 

 

 

4. Remove the inner back casing by 
unscrewing all fixing screws to get 
access to the Printed Wiring Boards 
(PWBs). 

 

 

5. Cut off all wires. 
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6. Remove the steel cover protecting the 
layers by releasing it with a flat 
screwdriver. 
 

7. Check if the LCD is illuminated by 
CCFLs or by LEDs. 
• If the LCD is illuminated by CCFLs 
go on with step 8. 
• If the LCD is illuminated by LEDs go 
on with step 12. 

 

8. The black connection at the bottom 
left and right indicate where the 
backlight lamps are attached. 
Carefully lift and remove the steel 
cover at this point to avoid the 
breakage of the lamps. 
 

 

 

9. Remove the backlights carefully and 
place them aside. Depending on the 
screen model, the backlights can be 
removed before or after taking apart 
the LCD module. 
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10. Avoid the breakage of the backlight as 
mercury vapour can be released. The 
lamps should be stored in a closed 
container which disposes of a 
mechanism preventing the release of 
air from the inside at the insertion of 
further lamps. 
 

 

11. Dispose the CCFL using a bulb eater. 

 

12. Remove the dark liquid crystal layer 
(foil) and other layers to get access to 
the backlights. 
 

 

13. Remove the LED backlight. Store it for 
further use as spare parts in 
refurbishing.  
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14. Separate the remaining materials 
according to their type (e.g. 
aluminium, ferrous metals, plastic, 
further PWBs, etc.). 
• Make sure the plastic parts are 
completely free of metal pieces. 

 

 

 

Output Fractions 

 

 
Figure 33: Output fractions of different components from LED TV 

 
 

Glass and Plastic components are non recyclable and need to be disposed of in landfill sites; 
Metals (ferrous and non ferrous), thick cables are recyclable; PCB is non recyclable in Nepal 
but needs to be stored for further processing via the informal sector. For further questions 
please refer to your Operations Manager who can explain in detail or direct you to other 
resources. 
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3.3.2.5 Keyboard 

 
Keyboards have undergone significant design development and so their appearance 

varies a lot. Older keyboards contain a large amount of lead acting as conductor on printed 
wiring boards. More recent keyboards are much lighter as lead is substituted through lighter 
materials. They generally consist of a plastic frame and keys (ABS/PC), printed wiring 
boards (PWB), some cables, and metal scrap. Keyboards from laptops can be treated the 
same way as common stand-alone keyboards. 
 

 
Figure 34: Scrap keyboards 

Health & Safety 

 
Dismantling keyboards is a simple task with no hazardous steps. Extremely old 

keyboards are an exception and have to be treated carefully as they contain a large amount 
of lead. 
 
Tools required (refer tools section for detail) 
 

● Small screwdriver set 
● Power screwdriver 
● Wire cutter 
● Pliers 

 
Steps to Dismantle 
 

1. Place the keyboard on the table and 
cut off the power cable if not already 
done. 
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2. Pry the key caps out of their resting 
places using a small flat screwdriver. 
Get the screwdriver tip under the 
keycap first, then lower the handle 
onto the adjacent key cap so the 
screwdriver becomes a miniature 
prying lever. The key caps will snap 
out of their holders easily. 

 

3. Remove the front frame, so that you 
can freely remove the printed wiring 
boards.  

 

4. Remove PWB using a  power 
screwdriver. 
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5. Separate all materials and store it for 
further adequate treatment. Make sure 
the plastic parts are completely free of 
metal pieces. 
 

 
 
Output Fractions 

 
A keyboard weighs 1 to 3 kg and takes about 5 to 10 minutes to dismantle. The 

following graph shows the share by weight of the recoverable material. 
 

 
Figure 35: Output fractions of different components from keyboard 

Plastic components are non recyclable and need to be disposed of in landfill sites; Metals 
(ferrous and non ferrous) and cables are recyclable; PCB and inner myler layer is non 
recyclable in Nepal but needs to be stored for further processing via the informal sector. For 
further questions please refer to your Operations Manager who can explain in detail or direct 
you to other resources. 
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3.3.2.6 DC power supply of CPU / Desktop 

 
A power supply pack (Switch Mode Power Supply /SMPS) is derived from 

dismantling a central unit. It consists of a steel case, a printed wiring board (PWB), a fan, a 
radiator, and cables. The dismantling process is relatively quick and easy.  
 

 
Figure 32: Scrap Power Supply Unit (SMPS) 

Figure 36: Scrap Power Supply Unit (SMPS) 

Health & Safety 

 
Dismantling a power supply doesn‘t include any harmful steps. Nonetheless workers 

should wear personal protection equipment. 
 
Tools required (refer tools section for detail) 
 

● Small screwdriver set 
● Power screwdriver 
● Wire cutter 
● Pliers 
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Steps to Dismantle 

 

1. Remove the steel casing, clean it, and 
put it aside. 

 

2. Remove the capacitors using a plier. 

 

3. Cut all the wires and remove the fan 
and other components. 

 

4. Remove PWB. The PWB contains 
relatively large aluminium boards 
acting as heat sinks. Remove them 
and place them aside. 
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5. Separate the remaining materials 
according to their type (e.g. 
aluminium, ferrous metals, cables, 
plastic, further PWBs, capacitors etc.). 

 
 
 
Output Fractions 

 
On average, a power supply weighs 1.3 kg and takes approximately 5 minutes to 

dismantle. Figure 31 shows the share by weight of the recoverable material. 
 

 
Figure 37: Output fractions of different components from SMPS (Src: SRI Dismantle Guide -

IT equipment; Schluep et al.) 

 

Plastic components are non recyclable and need to be disposed of in landfill sites; Metals 
(ferrous and non ferrous) and cables are recyclable; PCB is non recyclable in Nepal but needs 
to store for further processing via the informal sector. For further questions please refer to 
your Operations Manager who can explain in detail or direct you to other resources. 
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3.3.2.7 Hard disk Drive (HDD) 

 
The hard disk drive is made up of a lid, a metal case, a data disk and a PWB. It is 

relatively rich in precious metals like Ag, Au, and Pd. The location of the HDD will vary, it is 
usually attached to the computer case by 3-4 screws and connected to the motherboard 
with cables. 

 
Figure 38: Hard Disk Drive (HDD) 

 
Health & Safety 

Dismantling a hard disk drive does not include any harmful steps nor does the hard 
disk drive contain any hazardous materials. Nonetheless workers should wear personal 
protection equipment. 
 
Tools required (refer tools section for detail) 
 

● Small screwdriver set 
● Power screwdriver 
● Wire cutter 
● Pliers 

● Hexagon key set 
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Steps to Dismantle 

 

1. Put the HDD on the workbench upside 
down so that the PWB can be seen. 
Remove the screws fixing the PWB. In 
some cases the screws can be hex-
headed or of an unusual configuration. 
In this case simply drill the screws off. 

 

2. Unscrew the top cover of the HDD. 
Some screws may be covered by 
stickers.  

 

3. Unscrew the semi-circular plate which 
holds the hard disk platters. Remove 
the plate and the hard disk platters 
[Storage/Integrated Metal Smelter]. 
Due to their special metal content, it is 
recommended to supply the platters to 
an integrated metal smelter or to store 
them for a future recovery2. 
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4. Pry opens the frame (actuator) which 
holds the pointer (actuator arm). 
Remove the actuator magnet and the 
actuator arm.  
If possible, store the magnets for a 
future rare metal recovery3. 

 

 

5. Unscrew the bottom circular plate with 
the motor. Store the circular plate 
safely for future recycling.  
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6. Separate the remaining parts 
according to their composition and 
further process for recycling/inventory.  

 
 
Output Fractions 

 
A hard disk drive on average weighs 0.5 kg and takes approximately 5-10 minutes to 
dismantle. Figure 10 shows the share by weight of the recoverable material. 
Remark: The strong magnet contained in the actuator consists of neodymium, amongst 
others. It is a rare earth element and would be important to recycle due to its scarcity. The 
subject of recycling scrap neodymium magnet to brand new magnet is an interesting subject 
because of its environmental and economical propositions. 
 

 
Figure 39: Output fraction of HDD 

Metals (ferrous and non ferrous) are recyclable; PCB is non-recyclable in Nepal but needs to 
be stored for further processing via the informal sector. Magnet (neodymium) is a rare earth 
metal so will be stored (long term storage) for the future. For further questions please refer to 
your Operations Manager who can explain in detail or direct you to other resources. 
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3.3.2.8 Printed Wiring Boards / Printed Circuit Boards (PWB/PCB) 

 

PWBs are omnipresent in WEEE – almost every appliance or component contains 
one or several boards. A printed wiring board or printed circuit board (PWB or PCB) is the 
board base for physically supporting and wiring the surface-mounted and socketed 
components in most electronics. Most PWBs are made from fiberglass or glass-reinforced 
plastics (possibly with flame retardants) with copper tracks in the place of wires. 

The copper tracks link the components together forming a circuit. PWBs can be 
single- or multi-layered and components, such as capacitors in different shapes and sizes, 
connectors, plugs, heat sinks, and batteries are soldered to the board. 

Simple electronic devices usually have single layered boards which are of less value 
and have less components soldered to them. Printed wiring boards for complex hardware, 
such as computer graphics cards and motherboards, may have up to twelve layers. PWBs 
are most often green but they can come in any colour.  

The dismantling depth of the boards will depend on the grade of the boards, as high 
grade boards need very little pre-processing and can be sold as such, while low grade 
boards need to be “upgraded,” by removing the heavy parts. 
 

 
Figure 40: Printed Wiring Boards (PWB) 

 

Health & Safety 

 

Handling PWBs to remove components might be hazardous during the desoldering 
and heating process. Fumes that come out of PWB during the heating process are harmful 
to human health. The main exposure of Doko e-waste handlers to hazardous substances 
comes from the dust that can be contaminated by several substances present inside the 
computer. Therefore, it is recommended that Doko technicians clean the dust by spraying a 
little bit of water on the boards before handling them while using dust masks. Doko 
technicians need to ensure that there is no active power source connected or running 
through PWBs. Refer to health and safety requirements for safety measures to follow. 
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Tools required (refer tools section for detail) 
● Large screwdriver set 
● Small screwdriver set 
● Wire cutter 
● Pliers 

 
Note: For all grades of boards, the first step is the decontamination or depollution phase, i.e. 
removing and storing components safely containing hazardous substances. 
 
Steps to Dismantle 

 

1. • Place the board on a table. 
• Identify and remove the battery. 
 

 

2. Store the battery in a separate secure 
container and go on along instructions 
on batteries. 

 

3. Identify and remove large capacitors 
(diameter > 2 cm, or larger than a 
thumb) and store in a separate secure 
container. Continue with the 
instructions on capacitors. 

4. Screen the PWB for mercury switches 
and remove existing switches. Store 
them in a separate secure container. 
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5. Unclip and remove the heat sinks (and 
the fan). 

 

6. Remove the fan from the heat sink. 
Sometimes the fan is pasted and a 
screwdriver may be needed to 
separate it. 

 

7. Separate the central processing unit 
CPU (or processor) from the PWB 
which is economically advantageous.  
CPU can be sold separately for reuse, 
it is economically recommended to 
remove it. The CPU is usually found 
on the motherboard, but may also 
exist on some video cards and on 
server boards. 
• Release the locking lever and 
remove the CPU.  
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8. No additional processing is required 
for high grade boards, which may be 
stored separately and sold to a 
refinery for end-processing. 

 
 
 
Medium and low-grade boards need further processing and finer dismantling before being 
sent downstream. The low amount of precious metals contained in these boards may cause 
the shipment prices to exceed the sales value of the boards. Therefore, it is necessary to 
concentrate on the value of the boards by removing heavy parts (all ferrous and non ferrous 
metal, glass, cables, capacitors etc.) made of homogeneous materials. 
 

1. Remove the aluminium, the ferrous, 
the plastic and copper containing 
parts. If possible, unscrew and simply 
remove the components. 

2. If they are pasted, a hammer, 
tweezers, and a chisel may be 
needed. 
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3. Store the different removed fractions 
separately. 

 

 

 

 

3.3.2.9 Mobile phones and Tablets 

 

The technology of mobile phones has evolved rapidly and consequently, the models 
vary in function and shape. Nevertheless, the disassembly of a mobile phone has generally 
remained quite simple: remove the battery and casing and supply the rest to an integrated 
metal smelter which treats PWBs. PWBs in mobile phones are commonly high-grade quality 
and can, if supplied to the adequate downstream processor, generate a high revenue. 

 
Figure 41: Scrap mobile phones 

 
Health and Safety 

The Li-ion battery contains harmful chemicals. Before dismantling the phones, the 
battery should be removed and placed in separate containers. All PPE materials should be 
worn during dismantling. 
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Tools Required (refer to tools section for detail) 

• Small screwdriver set 
• Mobile phone dismantling set 

 

Steps to Dismantle 

Depending on the requirements of the downstream processor, it is sufficient to 
remove the battery from the mobile phone and omit the further dismantling steps described 
below. 

Keypad Mobile Phone 

 

1. Remove the battery first. Generally, 
the battery is located under the back 
cover. 

● In some cases, there is no quick 
access to the battery, thus the casing 
must be pried open. 

 

2. Remove the casing and keypad from 
the inner parts (unscrew, pry open, 
etc.) 
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3. Separate each possible components 
(PWB, Screen, keypad, casing, etc) 

● PWBs from mobile phones are 
usually high-grade board 
quality (Boards contain more 
chips with precious metals in 
them). 

● If easily detachable, it might be 
wise to separate materials 
further into plastics, steel, 
aluminium, etc. 

 

 

Output Fractions 

  
Figure 42: Output fraction of a keypad phone (Src: EMPA dismantling guide) 

 

Plastic casing and screen are not recycled in Nepal; Li-ion battery and PWB are non 
recyclable in Nepal but need to hold for further action via the informal sector. For further 
questions please refer to your Operations Manager who can explain in detail or direct you to 
other resources. 
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Smartphone and Tablets 

 

 The constituents of smartphones and tablets are the same while they differ from 
keypad phones mainly due to screen type (normal small size LCD screen in keypad phone 
vs large LED touch screen in smartphones and tablets). 
 
 

1. Try opening the casing and removing 
the back cover. 

● Carefully remove the battery without 
bending or puncturing it. 
 

 

2. Unscrew the casing. 

 

3. Pry off the screen.  Remove the PWB. 
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4. Separate the remaining materials 
according to their type (e.g. 
aluminium, ferrous metals, plastic, 
further PWBs, etc.). 

● Make sure the plastic parts are 
completely free of metal pieces. 

 
 
 

Output Fractions 

 
  

Figure 43: Output Fraction of Smartphone (Src: EMPA dismantling guide) 

 

Plastic casing and screen are non recyclables in Nepal; Li-ion battery and PWB are not 
recycled in Nepal but need to be stored for further action via the informal sector. For further 
questions, please refer to your Operations Manager who can explain in detail or direct you to 
other resources. 
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3.3.2.10 Inkjet Printer 

 
There are various types of inkjet printers available in the market. The dismantling 

procedure might differ depending on the model. Here we are going to describe the general 
procedure. 

 

 
Figure 44: Scrap inkjet printer 

 
Health and Safety 

The ink cartridge contains harmful chemicals. Before starting dismantling the printer, the 
cartridge should be removed and placed in separate containers. 
 
Tools Required (refer to tools section for detail) 

• Large screwdriver set 
• Small Screwdriver set 
• Wire cutter 
• Pliers 
• Power screwdriver 
 

Steps to dismantle 

 

1. Remove the ink cartridges and put 
them aside. Cartridges can be refilled 
and reused! 
 
In case they are broken, they need to 
be disposed of as hazardous waste! 
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2. Open the plastic casing by unscrewing 
all screws and removing clips.  

● Clean the casing properly by removing 
all the foreign materials in the plastic 
such as labels, rubber etc. 

● Make sure the plastic parts are 
completely free of metal pieces. 

 

3. Unscrew and remove the PWB. 

 

4. Remove the printer motor. If possible, 
separate the copper coil or the 
magnets inside the motor. 

● The magnets should be stored 
separately (They can be resold in the 
second hand market). 
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5. Separate the remaining materials 
according to their type (e.g. 
aluminium, ferrous metals, plastic, 
further PWBs, etc.). 

 
 

Output Fractions 

 
 

Figure 45: Output fraction of inkjet printer 

Plastic casing is non recyclable in Nepal; Ink cartridge is non recyclable in Nepal but needs to 
hold for further action (Can be refilled and sold in the second hand market). For further 
questions please refer to your Operations Manager who can explain in detail or direct you to 
other resources. 
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3.3.2.11 Laser Printer 

 
There are various types of laser printers available in the market. The dismantling 

procedure might differ depending on the model. Here we are going to describe the general 
procedure. 

 
Figure 46: Scrap laser printer 

Health and Safety 

 

The ink cartridge contains harmful chemicals. Before starting dismantling the printer, 
the cartridge should be removed and placed in separate containers. 
 
Tools Required (refer to tools section for detail) 

• Large screwdriver set 
• Small screwdriver set 
• Wire cutter 
• Pliers 
• Power screwdriver 

 
Steps to dismantle 

 

1. Remove the toner cartridge. 
 

● Cartridges can be refilled and reused! 
In case they are broken, they need to 
be disposed of as hazardous waste. 
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2. The photoconductive drum is usually 
located within the cartridge. 
 

● Drums from older copy and fax 
machines may be coated with the 
toxic substances cadmium sulfide or 
selen and should therefore be 
segregated and supplied to an 
adequate treatment. 

● To segregate the drum, remove the 
axis and store the photoconductive 
drum separately.  

3. Open the plastic casing by unscrewing 
all screws and removing clips. Clean 
the casing properly 

by removing all the foreign materials 
in the plastic such as labels, rubber 
mounts etc. 
 
Make sure the plastic parts are 
completely free of metal pieces. 

 

4. Remove all screws and segregate the 
PWBs. 
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5. Remove the fan. 

 

6. Cut off and remove the heating unit, 
including (brown) heated roller. 

 

7. Separate the remaining materials 
according to their type (e.g. 
aluminium, ferrous metals, plastic, 
further PWBs, etc.). 
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Output Fractions 

 
Figure 47: Output fractions of laser printer 

 

Plastic casing is non recyclable in Nepal; Ink cartridge is non recyclable in Nepal but needs to 
be stored for further action (Can be refilled and sold in the second hand market). For further 
questions please refer to your Operations Manager who can explain in detail or direct you to 
other resources. 

3.3.2.12 Scanner 

 

Flatbed or desktop scanners (as shown in the figure 33) are the most commonly used with 
PCs. In most modern scanners, the sensing medium typically is an electronic, light-sensing 
integrated circuit known as a charge-coupled device (CCD). 

 
Figure 48: Scrap flatbed scanner 

 

Health and Safety 

Dismantling doesn‘t include any harmful steps. Nonetheless Doko technicians should 
wear complete personal protection equipment. 
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Note: This is a general guide for most scanners. As the construction can differ, the 
dismantling steps mentioned below can vary in their order. However, the described steps 
show what parts the removal should focus on. 
 
Tools required (refer tool section for detail) 

• Small screwdriver set 
• Wire cutter 
• Pliers 
• Power screwdriver 

 
Steps to Dismantle 

 

1. Remove the foam layer and unscrew 
the lid.  

 

2. Unscrew the case. 
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3. Pry open the glass frame. 
Remove the glass frame. 
Remove the glass. 

 

4. Carefully remove the lamp without 
breaking it. 

● In some scanners, there might 
be CCFL as a light source. 
Follow the standard procedure 
to handle CCFL as described 
in Laptop screen dismantling 
(Section 3.2.2.2 Laptop) 

 

5. Unscrew and remove the PWB. 
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6. Remove the motors. 

 

7. Separate the remaining materials 
according to their type (e.g. 
aluminium, ferrous metals, plastic, 
further PWBs, etc.). 

 
 
 

Output fractions 

 
 

Figure 49: Output fraction of flatbed scanner 

Plastic casing, ribbon cables and glass are non recyclables in Nepal. For further questions 
please refer to your Operations Manager who can explain in detail or direct you to other 
resources. 
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3.3.2.13 Washing Machine 

 

 Washing machines are categorized into large household appliances. It can be of 
various models and sizes. Dismantling procedures can vary model to model. Here we are 
going to describe the general procedure. 

 
Figure 50: Scrap flatbed scanner 

 
Health and Safety 

Dismantling doesn‘t include any harmful steps. Nonetheless Doko e-waste handlers 
should wear complete personal protection equipment. 
 

Note: This is a general guide for most washing machines. As the construction can 
differ, the dismantling steps mentioned below can vary in their order. However, the 
described steps show what parts the removal should focus on. 
 
Tools required (refer tool section for detail) 

● Large screwdriver set 
● Wire cutter 
● Pliers 

● Power screwdriver 
● Angle grinder 
● Pipe wrench 

● Open end spanner set 
● Hexagon key set 
● Hammer 
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Steps to Dismantle 

 

1. Place the machine on a clean 
concrete floor. Unscrew all visible 
screws and nuts. 
 

 

2. Unscrew the lid and remove it safely. 
Most of the time, the lid contains a 
glass cover.  
 
 

 

3. Open the support of the glass lid and 
gently remove the glass part. 

 
Glass lid can be sold as decorative 
item in second hand market 
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4. Cut the outer power cables. 
 

 

5. Remove the outer metal casing. 
 

● Generally there are many 
hidden screws laying under. 
Carefully unscrew all screws 
and nuts/bolts. 

 

6. Remove the large size capacitors. 
 

Unclip all wires, being careful not to 
touch the contacts as this could lead 
to a potentially dangerous electrical 
discharge! 
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7. Unscrew the nuts of the outer plastic 
shell covering the inner steel bucket. 

 

8. Remove all inside cables and PWB. 
 

 

9. Remove centrifugal cement blocks. If  
separating blocks from the body 
becomes difficult, make sure to use an 
angle grinder. 
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10. Remove the motor. Use an angle 
grinder if necessary. 

 

11. Remove belt pulley from bucket. Use 
an angle grinder if necessary. 

 

12. Separate all possible components and 
segregate the dismantled items. 
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Output Fractions 

 

 
 

Figure 51: Output fractions of washing machine 

Plastic casing, ribbon cables and glass are non recyclables in Nepal; Glass lid (bowl) can be 
resold as a decorative item; PWB need to be stored safely for spare parts required during 
refurbishment. For further questions please refer to your Operations Manager who can explain 
in detail or direct you to other resources. 
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3.3.3 Mechanical Processing 

3.3.3.1 Introduction 

 
Using semi automatic and fully automatic machines for e-waste dismantling 

have multiple benefits over manual dismantling. It is more effective to use machines 
to dismantle or dispose of hazardous materials. There are some technical 
prerequisites to use machines for safe handling: 
 
Advantages 

1. Fast operation, better output. 
2. Less human resources involved. 
3. Prevent direct contact with humans for hazardous fractions. 
4. Can recover recyclables from components which are not possible by manual 

dismantling. 
5. Can dispose of hazardous materials without harming humans and the 

environment. 
 

Disadvantages 
1. High initial capital investment. 
2. Need technical resources for machine operation. 
3. Need fine pre-sorting of components that need to be dismantled. 
4. Need multiple machines for multiple components. 

 
Major steps to be followed for dismantle using machines: 

1. Identification of items to be dismantled. 
2. Proper pre-sorting is required. e.g: copper cables and aluminium cables need 

to be separated. 
3. Proper containers should be placed around machines. 
4. Only authorized resources should be allowed to operate machines. 
5. Proper care should be taken while operating machines. Adequate power 

supply should be maintained.  
 

3.3.3.2 Wire Stripper 

 
Automatic Electric Stripping Machine is suitable for processing varieties of 

cables like electric wire, aluminum wire and metal cables. It’s wire stripping range is 
4~42mm, and it can process upto 600-1200 kg per day. The dual frame blades 
working principle can process cables of different diameters. This model is 
automatically and manually dual-using. Whatever the toughness of the wire, it always 
can be easily stripped by using this model. However this machine has limitations of 
safely stripping of thick (wire diameter more than 4mm) and single core wires only. 
Multi strand, thin wires, network cables etc. cannot be processed by this machine. 
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Figure 52: Wire stripper (BS KOB model) available in Doko 

Health and Safety 

 
Wear a complete PPE set before operating this machine. Read the instruction 
manual carefully.  

 
Prerequisites before operating the machine 

 
1. Segregate the wire on the basis of metal content and thickness (diameter of wire 

should be above 4mm). Copper and aluminium cables should be processed 
separately. 

2. Long wires should be cut into smaller pieces using an angle grinder. Length of wire 
should not be more than 5m.  

3. Wires should not be entangled. This might lead to machine malfunction. 
4. Machine should be placed in a location with adequate surrounding (at least 2m of 

radius) space. 
5. Power supply should be according to the rating provided in the operating manual of 

the machine. 
 
 

 

 

 

 

 

 

 

 



123 
 

Operating Method 

 

1. Collect the even type of thick cable 
(diameter more than 4 mm) in one 
place.  

 

2. Cut the wire into small pieces (around 
5 m length) if the wires are too long. 
Use an angle grinder or wire cutter for 
this. 

 

3. Make the wire tentative straight if they 
are entangled. 
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4. Put one wire at a time in an 
appropriate diameter hole. 

 

5. After stripping, separate metal and 
plastic cover manually. 

 

 

 

 

3.3.3.3 Bulb Eater 

 
The Bulb Eater crushes spent fluorescent lamps and CCFLs of any size into fine 

glass material while capturing over 99.99% of the vapors released. The system, which is 
mounted to a 220 liters container, can hold up to 1350 4-foot fluorescent lamps or 3,000 
CFLs. The unit is equipped with a side-mounted dust filter unit containing the highest quality 
H.E.P.A. filter available. This works in conjunction with an activated carbon filter located in 
the steel canister. The activated carbon filter actively captures and neutralizes the mercury 
vapor released from the lamps during crushing. 
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Figure 53: Bulb Eater (Src: Teracycle14) 

Health and Safety 

 
Bulb eaters handle one of the very hazardous fractions of e-waste containing 

mercury vapours. Special safety measures should be taken prior to operating this 
machine. 
 
1. Do not leave the machine unattended when plugged in. Unplug from outlet when 

not in use and before servicing.  
2. Do not expose the machine to rain – store indoors in a well ventilated area. 
3. Do not place or store machines where it can fall or be pulled into a tub or sink. 
4. Use only as described in this manual. Use only manufacturer’s recommended 

attachments. 
5. Do not put any object into openings. Do not use any openings blocked; keep 

free of dust, lint, hair and anything that may reduce air flow. 
6. Do not handle plug or machine with wet hands. 
7. Keep hair, loose clothing, fingers and all parts of the body away from openings 

and moving parts. 
8. Do not use it without filters in place. May disperse fine dust particles into the air. 
9. Turn off all controls before unplugging. 
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10. Do not use it in areas where combustible liquids such as gasoline may be 
present. 

11. Use special care when emptying heavily loaded drums. Use forklifts to carry the 
loaded drums. 

12. Always wear complete PPE safety goggles and hearing protection when 
operating the machine. 

 
Prerequisites before operating the machine 

 
1. Only trained personnel should operate the machine. 
2. Only crush mercury containing lamps. 
3. Always close the openings once lamp crushing is complete. 
4. Cover of the drum must be sealed with grease to make it airtight. 
5. Avoid other personnel standing around the machine. 

 
Operating Method 
 

1. Plug the machine in & release the E-
STOP button. The machine will go 
through 3 LCD display functions – 
Stopping, Dumping, Ready. 
 

 

2. Take the safety plug out of the tube. 
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3. Press the “Start” button when the LCD 
screen says “Ready”. 

 

4. Insert the linear lamp into the entry 
tube and then let go.  
 
Do not force the lamp down the entry 
tube! 
 
Make sure the CFL safety cover and 
U-Tube safety cover are closed! 

 

5. For U-Lamp, insert the U-tube lamp 
into the chute and then let go. 
 
Do not force the lamp down the entry 
tube! 
 
Make sure the CFL safety cover and 
linear tube entry plug are closed! 
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6. For Compact fluorescent Lamp (CFL), 
place the lamp into the CFL input 
hopper and then let go. 
 
Do not force the lamp down the entry 
tube! 
 
Make sure the U-Tube safety cover 
and linear tube entry plug are closed! 

 

7. After crushing, press the STOP button 
to stop the crusher motor.  
 

● The machine will go through 3 
LCD display functions again – 
Stopping, Dumping, Ready. 

 

 

8. When the LCD display indicates 
“Ready”, press the E-STOP button, 
seal the top of the entry tube with the 
rubber plug, then remove the CFL/ U-
Tube entry point and attach the safety 
cover.  

● When the machine is not in 
use, make sure that all 
openings are sealed (sealed 
entry tube and CFL hopper 
may remain on the machine 
when not in operation). 

Pressing the STOP button must be 
completed before pressing the E-
STOP button when finished crushing, 
this will allow the powder to be 
dumped out of the cyclone into the 
drum. 
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Method to change the drum once it is filled  

 

Note: Pictures14 used here are for reference. Full body set of PPE must be worn during 
drum changing.  
 

1. Loosen the lid locking bolt and ring on 
the Bulb Eater machine and remove 
the lid locking ring on the spare lid. 

 

2. Lift the Bulb Eater machine straight up 
with the spare lid in hand (Requires 2 
persons for lid change) 

 

 

                                                      
14 Bulb Eater 3 Owners Manual  https://www.manualslib.com/manual/1382811/Aircycler-Bulb-
Eater-3.html  

https://www.manualslib.com/manual/1382811/Aircycler-Bulb-Eater-3.html
https://www.manualslib.com/manual/1382811/Aircycler-Bulb-Eater-3.html
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3. Immediately place the spare lid on the 
full drum to seal the vapor. 

 

4. Place the Bulb Eater Machine on the 
empty drum and tighten the locking 
ring. 

 

5. Place the lid locking ring on the lid with 
the full drum and tighten. 

 
Img Src: Bulb Eater 3 Owner’s Manual 

 

3.3.3.4 Cable Granulator 

 
 Cable granulator is used to recycle various grades of cables which cannot be 
processed by wire strippers. It can process very thin cables as well as thick cables. It grinds 
and separates plastic cover from metal (copper/ aluminum). Output is in small (1-2mm) 
granule format. 
 
Note: Machine is in shipment procedure, detailed operation procedure will be input once 
arrived in our MRF and start operation. 
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3.3.3.5 Universal Shredder 

 
 This machine is used to shred various components and reduce the size and volume 
of components output after manual dismantling.  
 

 
Figure 54: Universal shredder 
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3.4 Hazardous E-waste Fractions 

3.4.1 Lead Acid Battery 

 

Used Lead Acid Batteries (ULAB) are one of the most commonly used 
independent and rechargeable energy supplies. They are particularly used in: 
 

1. Automotives (cars, motorcycles starter, truck, etc.). 
2. Off-grid household electric power system, portable TV. 
3. Uninterruptible Power Supply (UPS) appliances in IT systems. 
4. Inverters in households. 
5. Backup system for offices, banks, and commercial complexes. 
6. Backup energy source for the entire national telecommunications 

infrastructure. 

 
Figure 55: Used Lead Acid Battery 
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Figure 56: Components of Lead Acid Battery15 

Hazardous substances  

● Lead (Pb) 
● Lead oxide (PbO2) 
● Sulphuric acid (H2SO4) 

 
Health and environmental threat  

 

Lead is a global environmental contaminant since it can spread through air or water 
and can accumulate in the ground. It has an adverse effect on the health of living 
beings since it is a poisonous metal that can damage the nervous system, especially 
in young children, causing mental retardation, memory and learning difficulties as 
well as behavioural problems. Pregnant women should strictly avoid contact with Pb. 
The US Environmental Protection Agency (USEPA) has stated lead to be a probable 
human carcinogen.  
Likewise, sulphuric acid is dangerous due to its high corrosiveness and reactivity. 
Contact with sulphuric acid, like any other chemical acid, is not advised due to its 
potential to cause damage - particularly to bodily tissue. In certain circumstances, the 
acid may become airborne in the form of fumes which can cause significant damage 
to internal tissues. It also corrodes and decomposes other metals and releases heat 
and fumes in this process.  
 
Health and Safety 

 

Following safety measures should be taken while handling ULAB: 
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● Always wear full PPE. Use a plastic apron on top of PPE dress. This will help 
to avoid direct contact of acid with dress and body in case acid leakage 
during handling. 

● Wear butyl rubber gloves to limit adverse effects if exposure happens. 
● Wear metal toe safety boots. 

 

Handling Procedure 

 

1. Collection and storage of ULAB 

 

● Special care should be taken while going for battery collection. Avoid spilling 
acid and damaging the battery which can cause the acid to leak.  
 

  
  

Figure 57: Wrong handling of ULAB 

Src: poster_lab_en_A3-A4.jpg (1310×1847) (econet.international) 
 

● Apply cap or insulating tape on top of positive and negative terminals. If a 
battery casing is damaged, use a plastic bag more than 40 micron or garbage 
collection plastic bag (step 3 in picture) to store it in order to avoid lead 
exposure. 
 

 
Figure 58: Steps to follow during collection of ULAB 

Src: poster_lab_en_A3-A4.jpg (1310×1847) (econet.international) 

https://www.econet.international/fileadmin/user_upload/poster_lab_en_A3-A4.jpg
https://www.econet.international/fileadmin/user_upload/poster_lab_en_A3-A4.jpg
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● Other items should not be stacked on top of the battery and should 

particularly be avoided in a vehicle during collection. There are chances of an 
electric spark if the battery still contains charge and any metal surface 
touches both the positive and negative terminals of the battery. 

● Instead, use a strong wooden pallet to stack batteries in vehicles for easy 
loading and unloading with a forklift.  

 
Figure 59: Correct and wrong method of ULAB stacking 

Src: poster_lab_en_A3-A4.jpg (1310×1847) (econet.international) 
 

● Stored collected batteries in a designated location (Location marked to store 
batteries) in the Doko material recovery facility (MRF). 
 

 

 
Figure 60: Storage of collected ULAB in Doko MRF 

2. Safe disposal method of acid 

Before moving the battery down the recycling process, the acid in the battery 
should be neutralized by using an alkali. Doko uses this method only for 

https://www.econet.international/fileadmin/user_upload/poster_lab_en_A3-A4.jpg
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batteries in which the acid is in liquid form (80% of collected ULAB). We do 
not have a method to neutralize acid in gel form (20% of collected ULAB). 
 

1. Caps of different chambers of 
ULAB are opened and acid is 
poured into a container. 

 
● It is advisable to use a plastic 

container (HDPE)/ drum to 
avoid corrosion. The depth of 
the container drum should be 
at least 500 mm to avoid 
bubbles coming out during the 
neutralization process.  
 

● The container should be big 
enough to hold 30 liters of acid 
and leave 300 cm open space 
from opening.  

 

 

2. Caustic soda (NaOH) or 
similar alkali is poured in acid 
collection to neutralize the 
acid.  

Caustic soda is used in  its 
solid state or is diluted with 
water to transfer it into liquid 
state and thus easier to react 
with the acid. 

 



137 
 

3. Litmus paper (Ph paper) is 
used to detect the neutral state 
to convert into salt and water. 

● Use blue litmus paper to test 
the solution of acid and alkali 
once the reaction completes. If 
the solution is still acidic, blue 
litmus paper turns red. 

● Add more alkali if the blue 
litmus paper turns red and wait 
for the reaction to complete 
and test again. 

 

4. After acid removal and 
neutralizing, acid free batteries 
are stacked in pallets and sent 
to be smelted in Nepal or  
India to extract lead. 
 

 

 

 

 

3.4.2 Li-ion batteries 

 
Li-ion batteries are rechargeable batteries and are very often used within 

modern electronic appliances because of their light weight and their loading  
capacity. They can handle hundreds of charge/discharge cycles. However, their 
lifetime is limited to 3-5 years. Therefore, it is expected that the amount of Li-ion 
batteries occurring in the waste stream will steadily increase. 

Li-ion battery recycling is only done by a few companies in Belgium, USA, 
Germany, and Canada. Unfortunately, we do not have the option of transboundary 
movement of waste Li-ion batteries to professional recyclers. Instead, informal 
sectors collect Li-ion batteries and transport it to India for reuse and few spare parts 
extraction. 
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Typical composition of Li-ion batteries 

 

 

Figure 61: Composition of Li-ion batteries16 

 

Handling Aspects 

● Improper waste Li-ion battery handling poses a significant fire risk. 
● Risks are increased if cells are stored densely, so that a burning cell can ignite 

neighbouring cells or other flammable material. Depending on how many are stored 
closely together it can lead to explosions as well.  
 

a. Fire risk mitigation method 

 

● Never short circuit, open, dismantle, pierce, drop or squeeze Li-ion batteries. 
● Avoid all damages to batteries. 
● Do not dismantle battery packs. 
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Figure 62: Dismantled battery pack 

● Mask all batteries with common adhesive tape – at least 2-3 layers in order to 
prevent short circuits. 

● Storage area must be sheltered from heat, moisture & rain. 
● Storage area should be well separated from other areas of the facility. 

 
b. Storage method 

Lithium-ion batteries can easily rupture, ignite, or explode when exposed to 
high temperatures, or direct sunlight, therefore Li-ion batteries should be stored at 
temperatures ranging from -20°C to 25°C. 

 

1. Cover the battery connection point 
with plastic tape. (Avoid electrical 
shocks!). 
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2. Alternate layering batteries and 
sand in a drum or box .  
 

● Sand which is chemically inert acts 
as a cushioning material that helps 
prevent batteries from forming a 
circuit and sparking a fire. 

 
● After every 5-6 inch layer of 

batteries, there should be a 2 inch 
layer of sand. 

 

3. Put the lid on the box once it is 
filled. 

 

4. Place multiple drums a distance 
(at least 1 foot) apart. 

 
 

 

           c. Transboundary movement  

The transport of Li-ion batteries needs to follow the international regulations 
of transport of hazardous waste and dangerous goods (transboundary movement of 
hazardous goods as described by BASEL convention). Guidelines for transportation 
on road and International Maritime Dangerous Goods Codes (IMDG codes) for sea 
transport need to be followed.  
 

Boxes and labelling materials are required for the transport of Li-ion batteries. 
Furthermore, a detailed packing list (including number and type of packaging units, 
gross weight, net weight, type of material, lot reference, and contract reference) is 
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imposed and often required by the purchaser. When shipping Li-ion batteries abroad 
the requirements under the Basel Convention need to be followed. Therefore, all the 
required documentation and preparatory/administrative work is done under 
corresponding authority. 

 

3.4.3 Refrigerators and Air Conditioners 

 
Refrigerators are mostly composed of plastic, metal and glass. There is also 

some polyurethane foam in refrigerators that acts as insulation. The refrigerant in the 
compressor can contain Ozone Depleting Substances (ODS) such as 
chlorofluorocarbons (CFCs) or hydrochlorofluorocarbons (HCFCs). The end-of-life 
management of refrigerators and air conditioners is challenging because of these 
ODSs, which are responsible for Ozone layer depletion. Apart from gas, the 
insulating foam surrounding the refrigerator body also contains CFC or HCFC which 
cannot be extracted manually.  

 
Doko only handles manual pre-treatment at this stage. After pre-treatment, 

refrigerators and compressors of air conditioners are sent to an informal downstream 
partner for further handling.  

 

1. Cut the power cable and dispose 
of the plug separately. 
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2. Remove all loose parts of the 
fridge: 
• glass 
• plastics 
• steel 
 

 
 
 

 

It is advisable to extract CFC and other ODS gas using a proper refrigerant gas extracting 
machine. This will help to avoid the release of gas in the atmosphere by mishandling. Further, 
after removal of the gas, the compressor and other recyclable materials can be recovered 
easily.  
 

 
Figure 63: Automatic degassing machine 

 
The following major components can be found if manual dismantling is performed after 
degassing15: 

                                                      
15 Guideline on the Manual Dismantling of Refrigerators and Air Conditioners, GIZ, giz2017-en-
weee.pdf 

https://www.giz.de/en/downloads/giz2017-en-weee.pdf
https://www.giz.de/en/downloads/giz2017-en-weee.pdf
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Note: Manual dismantling is only performed after degassing (which is not 
available in Doko presently (future plan)).  

● Compressors 

○ Heaviest single part of refrigerators 

○ Consist of copper (8%), iron (57%), cast alloy (35%) 
○ Compressor iron component: 85% of compressors are of iron 

and 15% of cast iron 

 
● Steel  

○ Corpus of refrigerators (surrounding of the fridges) 
○ Grid shelves 

○ Heat exchanger of refrigerators is made of iron 

○ Iron (refrigerators) versus copper-aluminium (air conditioners)  
 

● Insulating foam in refrigerators 

○ Different types of foam are found 

■ PUR foam (common) 
■ Glass wool 
■ Foamed polystyrene  
■ EPS (rare) 

○ PUR foam containing blowing agents 

■ CFC-11 in old refrigerators produced before 1995 

■ HCFC-141b in developing countries and currently replaced 
(conversion to pentane in Colombia some years ago) 

 
● Plastics 

○ Refrigerator 
■ PS (polystyrene) 
■ PP (polypropylene)  
■ ABS (acrylonitrile butadiene styrene)  
■ PVC (polyvinyl chloride, rare) 
■ Plastics sometimes contain flame-retardants 

(PBB, PBDE)  
○ Air conditioner 

■ PP (polypropylene) 
■ ABS (acrylonitrile butadiene styrene, rare) 
■ Plastics often contain flame-retardants (PBB, 

PBDE) 
● Refrigerants in refrigerators 

○ CFC-12 only found in old fridges 

○ HFC-134a still commonly used in developing countries 

○ R-600a is widely used, especially in Europe and China 

○ R-22, R-290 propane-butane mixture, ammonia solutions containing 
chromium-VI (all refrigerants in refrigerators > 180 liters ) 
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○ Ammonia refrigerants are found in commercial refrigerators (e.g. minibars in 
hotels) 
 

● Refrigerants in air conditioner 
○ HCFC-22 is still very common in developing and emerging countries 

○ HFC-410A dominating refrigerant in developed countries 

○ HFC-32 upcoming refrigerant in developed countries 

○ HC-290 currently only in China and India and as pilot and demonstration 
projects in a few other countries 

● Oil 
○ 200 - 300 g of oil in old CFC-refrigerators, less in CFC-free refrigerators 

○ Up to 1 kg of oil in air conditioners depending on the size 

○ Refrigerants are partly dissolved in the oil 
 

● Miscellaneous items 

○ Glass in refrigerators shelves (no glass in air conditioners) 
○ Brass 

○ Copper 
○ Large size capacitor 
○ PWB 

○ Various sensors 

 

All metals are recyclable; PUR foam, glass, PWB, capacitors are non-recyclables; 
refrigerant gas should be collected in advance; oil should be collected in separate 
containers for further reuse. For unclear things, please contact the e-waste operation 
manager before performing any activity. 

 

3.4.4 Printer Cartridges 

 
An ink cartridge is a replaceable component of an inkjet printer. It contains 

liquid ink which consists of various pigments or colours for the coloration of a surface 
to create images and texts. Some ink cartridge manufacturers also contain electronic 
contacts and a chip that communicates with the printer, to allow the printer to control 
the flow of ink onto the paper, as was sent by the computer system.  

Toner cartridges contain fine dry ink (toner) particles, normally black 
coloured, which adheres to the paper electrostatically and is fixed by heating. 
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Figure 64: Toner and ink cartridge  

Localisation in appliances 

 
Toner and ink cartridges of different sizes are found in 

● Photocopiers 

● Fax machines 

● Printers 

 
Hazardous substances 

Beside toner particles, toner material contains very small amounts of 
potentially toxic compounds. Among them are Volatile Organic Compounds (VOC), 
such as Styrol, Toluol (Toluene), Ethylbenzol, Xylols, Phenols, Aldehydes and 
Ketones as well as various carbonic acids. In exceptional cases the carcinogen 
Benzol has also been found in toner material. 
 

Fluid and pasty toners can contain solvents declared as hazardous waste. 
Moreover, colouring toners can contain heavy metals. Black powder toners normally 
don‘t contain toxic components. 

 
Caution during dismantling 

 

1. Dismantling of toner and ink cartridge should only be done if a specially 
designed workbench with vacuum suction pump is available. This prevents 
the ink particles from releasing into the atmosphere. 

2. Toner and ink cartridges must be manually separated from the rest of the 
printer by all means. Otherwise hazardous substances contained in the toner 
material would be released during possible further mechanical treatment, and 
would seriously pollute recycling material. 

3. Different toner and ink cartridges should be captured separately. Otherwise 
the quality of the collected material is degraded. 
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4. As far as possible toner cartridges should be refilled and reused. The 
cartridge should be screened and pre-sorted which can be refilled and 
reused. 

5. Toner cartridges filled with black powder can be emptied. The emptied plastic 
cartridges can be supplied to plastic recycling. Send black powder to a 
factory which has a coal fired boiler. 

6. Toner cartridges containing fluid or pasty toners, coloured toners or toners of 
which the substances of content are not known should be disposed of as 
hazardous waste in landfill sites. 

 

3.4.5 Capacitors 

 
Capacitors, also called condensers, have many uses in electronic and 

electrical systems: energy storage, rectification of power energy supply and electrical 
signals, filters for electrical ―noise, motor starting energy capacitor, signal 
processing, selection of information in frequency bands (tune for radio stations). 

  

  

Figure 65: Various types of capacitors 
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Capacitors are present in any electrical and electronic appliances and their 
appearance is very diverse. Some are similar to alkaline batteries. Inscription: nF, F, 
mF (for nano-, micro- and millifarads). 

Critical capacitors (with PCBs, see below) are large (same size or larger than 
a thumb) and produced before 1987. Therefore, old appliances (refrigerators, radios, 
TVs, electrical ovens, etc.) should be depopulated with caution. Capacitors from 
microwaves, power supplies or ballast from tube lights have also been detected as 
critical in regards to their substances. 

 
Hazardous substances 

Old large capacitors are likely to contain polychlorinated biphenyls (PCBs) as 
dielectric fluids. New electrical components are no longer produced with PCBs. As a 
rule all capacitors with a diameter larger than 2 cm (same size or larger than a 
thumb) should be handled with extreme caution. PCB is a family of more than 200 
different chlorinated organic molecules. They are either liquids or solids, colourless 
or light yellow. Besides capacitors, products made before 1987 with PCBs are 
fluorescent lighting fixtures, hydraulic oils, etc. They have been used as coolants and 
lubricants in electrical equipment because they don‘t burn easily and are good 
insulators. 

Capacitors may also contain harmful organic acids as electrolytic solution!  
There is a certain concern about large capacitors from microwaves 

(magnetron) as they may contain beryllium (Be) in the ceramic material around the 
filament. Beryllium and its salts are toxic substances and potentially carcinogenic. It 
may cause acute beryllium disease, a form of pneumonia. Beryllium dust production 
and inhalation should be avoided, as they may provoke lung cancer. People working 
with beryllium may become sensitive to it and develop an inflammatory reaction 
called chronic beryllium disease (CBD) that occurs within a few months or many 
years after exposure. The symptoms are fatigue, weakness, night sweat, difficulty in 
breathing, persistent dry cough. It can result in anorexia, heart disease, and lung 
inflammation. CBD is treatable but not curable. 

 
Health and environmental threat 

Capacitors may retain a charge long after power is removed from the circuit; 
this charge can cause dangerous electrical shocks. Those used in camera flash can 
be extremely harmful and dangerous. 

Exposure to PCBs may lead to skin diseases (chloracne, rashes), liver 
damage, and alteration of estrogens formation (reproduction problems). PCBs are 
very probably carcinogens. 

PCBs are very stable compounds remaining in the environment for a very 
long period. They can travel easily into air or into water with organic particles and 
bind strongly in the soil. PCBs accumulate easily in animals, and can reach 
significant concentrations in fish and marine mammals. 
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Method of treatment 

 It is advisable to avoid any kind of dismantling activity in capacitors. All the 
capacitors should be stored in a container with an alternate layer of soil to avoid any 
spark from discharge. 

Capacitors, especially large ones, may give an electrical shock that can be 
harmful and dangerous. The best way to avoid it is to leave the appliances 
disconnected from any energy sources for a few days. Therefore, WEEE should not 
be connected to the electrical network before dismantling. Never test an appliance 
before opening it! 

Concerning depollution of PCBs containing capacitors, the following criteria 
allows to identify the critical capacitors: diameter larger than 2 cm (same size or 
larger than a thumb), If such capacitors are found, any contact with the content 
should be absolutely avoided. Thus, such capacitors should be handled with tools to 
avoid hand contact. They can be separated from the support by a gentle 1/4-rotation 
with a pair of pliers. Use gloves and wash hands. Throw the gloves away if they get 
contaminated by liquid from capacitors, as the gloves can be a source of 
contamination. Do not crush or open capacitors! 

PCB is known as dioxin precursors when it is burnt at too low temperature 
and with lack of oxygen. Therefore, capacitors that match the depollution 
recommendation should not undergo a thermic process in any case. 

 
Storage 

● Avoid fire risk and contact with heat sources. Capacitors could be stored in a 
metal barrel with an alternate layer of soil. 

● They should be stored in a cool, dry and sheltered place. 
 

  
 

Figure 66: Storage of capacitors 

3.4.6 BFR Plastic 

Some plastics contain brominated flame retardants (BFR), which are 
hazardous substances introduced to reduce the flammability of plastic parts. These 
plastics are found in many parts of electronic appliances and must be treated as 
hazardous materials. The concentration of BFR in similar devices vary significantly; 
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While i.e. CRT casings contain relatively high concentrations of BFR, no BFRs could 
be found in flat screen casings.  

In practice, it is difficult to identify which plastic parts contain BFR and which 
do not if no special analytical equipment is available. A potential way to determine 
whether plastics contain halogens (incl. BFRs) or not is the well-known Beilstein 
test16  as mentioned below. 

(1) A copper wire is cleaned and heated in a flame,  

(2) the plastic part is touched with the heated copper wire,  

(3) hold the wire into the flame again and observe the colour of the flame: if it 
turns green to blue, the plastic contains halogens (Br, Cl, etc.) and thus probably 
BFRs.  

Due to the likely generation of dioxins, only small pieces should be tested 
(burnt) and sufficient ventilation must be provided. The heating of plastics containing 
brominated flame retardants (> 300°C) can cause the formation of brominated 
dioxins and furans, which are highly toxic. This has to be considered especially when 
shredding plastic fractions. 

Hazardous substances 

 

BFR are persistent and bio accumulative, and have been found virtually 
everywhere in our environment, from soil, water, human blood etc. The primary 
health effects of the BFR occur during the development of the brain and reproductive 
organs. PBDEs block the function of the thyroid hormone at a critical time in 
development, with resulting impacts on behavior and learning behavior in adult 
animals17. 
 
 

Method of treatment 

 

 The most commonly applied treatment technologies are incineration, either in 
municipal waste incinerators or in hazardous waste incinerators (depending on waste 
classification), co-processing in cement kilns, or as reducing agents in non-ferrous 
metal smelters. POP-BFRs can effectively be destroyed or irreversibly transformed in 
incineration plants, cement kilns or smelters provided that a minimum temperature of 
850°C is maintained for at least 2 seconds18.  

                                                      
16 SRI Dismantling Guide for IT Equipment , 2015; https://www.sustainable-
recycling.org/reports/dismantling-guide-for-it-equipment/ 
17 https://ipen.org/sites/default/files/documents/ipen_pbde_factsheet-en.pdf 
18 https://www.bsef.com/wp-content/uploads/2020/11/Study-on-the-impact-of-Brominated-Flame-
Retardants-BFRs-on-WEEE-plastics-recycling-by-Sofies-Nov-2020-1.pdf 

https://www.sustainable-recycling.org/reports/dismantling-guide-for-it-equipment/
https://www.sustainable-recycling.org/reports/dismantling-guide-for-it-equipment/
https://ipen.org/sites/default/files/documents/ipen_pbde_factsheet-en.pdf
https://www.bsef.com/wp-content/uploads/2020/11/Study-on-the-impact-of-Brominated-Flame-Retardants-BFRs-on-WEEE-plastics-recycling-by-Sofies-Nov-2020-1.pdf
https://www.bsef.com/wp-content/uploads/2020/11/Study-on-the-impact-of-Brominated-Flame-Retardants-BFRs-on-WEEE-plastics-recycling-by-Sofies-Nov-2020-1.pdf
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 Presently we don’t have any available incinerator. BFR plastics are stored 
temporarily in open space.  

  

Storage 

  

 BFR plastics (segregated or unsegregated) are stored in open space 
separately from other plastics. These plastics will be stored till finding the proper 
solution of incineration (Department of Environment has assured to install a high 
temperature incinerator within year 2021). 
 

 
Figure 67: Storage of BFR plastics 

 

3.4.7 CCFL 

Old models of LCD display screens (TV, Monitors and Laptop) use a cold 
cathode fluorescent lamp (CCFL) to illuminate the liquid crystal layer. CCFLs are 
classified hazardous due to their mercury (Hg) content and the phosphor layer. 

 

Figure 68: CCFL of TV (SRC: SRI Dismantling Guide) 
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Hazardous substances 

CCFL contains mercury gas and phosphorous powder as hazardous 
components. 
 
Method of treatment 

 

Once the CCFLs are separated, they must immediately be put into an 
adequate container. As these lamps contain mercury, wearing an appropriate mask 
is imperative (FFP3 mask).  

 
 

Figure 69: Temporary storage of CCFL 

 
The final disposal of CCFL should be done using a bulb eater device which absorbs 
mercury vapour and stores it in its filters. Detail method of using bulb eater is 
described in Section 3.3.3.3 Bulb Eater (under 3.3.3 Mechanical Processing) 
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3.5 Refurbishment and Sales 

3.5.1 Refurbishment 

Repairing and reusing old and discarded e-waste items is the core value of e-
waste management at Doko Recyclers. Refurbishing e-waste has many advantages 
over dismantling and disposal. Few are listed below: 

 
● Generates higher revenue in comparison to dismantling and recycling; 
● Selling refurbished e-waste items in the market prevents the purchase of new e-

waste items; 
● Usable components produced during dismantling find reuse during repairing; 
● Decreases the volume of non-recyclable (hazardous or non-hazardous) waste which 

would otherwise go directly to landfills, without secondary resource extraction; 
● Old e-waste items get a new life and extended usage from buyers who may not have 

resources to buy new electronics; 
● Saves the environment by reducing the damage done to the environment to mine 

primary resources for new e-waste item production. It also reduces damage to the 
environment by recycling and providing proper disposal of non recyclable materials.  
 
Though the method of refurbishment differs with each e-waste item, few basic rules 
of  thumb should be followed which help to speed up the repairing process. The key 
point while performing repairs is maximum use of dismantled components.  

 
Figure 70: Flowchart for basic rules of thumb during refurbishment 
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Points to follow for refurbishment 

 

1. Adequate PPE (full body dress, safety glass, ear plug, mask, anti static gloves) 
should be worn before starting any repair jobs. 

2. All e-waste items should be cleaned with a blower to make it dust free. 
3. IT assets like (but not limited to) laptops, branded desktops, LED monitors, mobile 

phones, tablets, printers, switches and routers, inverters, etc should be prioritized for 
refurbishment. 

4. If there is risk of hazards while repairing, like short circuiting in Li-ion batteries or 
chemicals leaching out from PWB, then refurbishment should be avoided and the e-
waste item needs to be sent to the hazardous category for further processing. 

5. Always check for a stable power supply (AC and DC). 
6. Always use standard tools of refurbishment. Never play with e-waste items while 

performing repair activity. Improper handling of e-waste might give electric shock and 
damage the e-waste item as well.  

7. Only trained technicians should be allowed to handle e-waste items for repairing. 
8. Proper record keeping should be done for all e-waste items in the refurbishment 

section. It should clearly indicate if the e-waste item is ready for sale or repair as the 
sample table shows below. 
 
 

 
 

Figure 71: Sample record keeping template starting for inspection until end output 
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9. Ready to sell e-waste items should be stacked in shelves with proper labelling as 
shown below.  

 
Figure 72: Sticker to be pasted in “Ready to sell” Laptop 

10. While testing and repairing antique and unique e-waste items, make sure to preserve 
its structure and intactness. Even non-working antique e-waste items fetch a good 
price if their appearance is vintage and aesthetically pleasing to the eye. 

11. Temperature exchange e-waste items like refrigerators or air conditioners should be 
done in designated locations to avoid immediate hazards due to leakage of coolant 
gas accidently. 

12. Repairing of laser printer toner cartridges should only be performed in a workbench 
arranged with an air suction pump to avoid accidental release of ink powder. 
 

Quality check and assurance for refurbished e-waste items 

 
 Quality delivery of final output is mandatory for all repaired e-waste items. Quality 
testing should be carried out in various parameters depending on the type of e-waste item 
repaired. Cross verification of quality or random check can be performed by an operations or 
e-waste manager. The basic flowchart for quality check is shown below. 
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Figure 73: Flowchart for basic thumb rule of quality check 

 
Quality checklist 

 All refurbished e-waste items should be checked according to the quality checklist 
developed by Doko Recyclers. A unique physical copy of the checklist should be used for 
each individual e-waste item. These checklists should be attached with the refurbished e-
waste item after approval from the e-waste manager. The checklist will act as quality 
assurance for customers while selling it. Once the e-waste item is sold, the checklist should 
be filled for future reference to maintain the warranty period window.  
  
 
 
 
 
Sample checklist (not limited to) for refurbished laptop/Desktop is shown below. 
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Quality Checklist for Laptop/Desktop 

 

Brand  Processor  

Model  RAM  

Serial No  HDD  

Doko Asset No    

    

 

All checking parameters to be done in order !  

 
S. No. Task Remark 

1 

Casing cleaned and removal of any additional labels. 

(Entire casing and outlook of laptops or desktops should be 

cleaned with a cleaning agent. Any additional stickers, 

numbering marked except serial number stickers of 

manufactures should be removed.) 

 

2 
Dust removed using an air blower. (All the parts including ports, 

monitor, keyboards, mouse are cleaned using an air blower.) 

 

3 
Check for any external body damage and scratch. (If there is any 

damage, it should be mentioned.) 

 

4 
Check for all buttons of laptops or desktops. (Power button, 

reset button etc should be thoroughly checked.) 

 

5 
Laptop screen hinge. (Check the opening of the laptop screen 

and hinge joint. Mention if there is any defect.) 

 

6 RAM is installed according to customer and standard demand.  

7 HDD is installed according to customer and standard demand.  

8 Windows operating system installed.  

9 
Checked BIOS setup. (Set correct boot order, remove bios 

password, set correct mode in bios to format.) 

 

10 
Check BIOS battery voltage. (Replace battery in motherboard if 

necessary.) 

 

11 Check the CD drive status.  

12 Check all USB ports. (Front as well as back panel for desktop.)  

13 Check the HDMI port.  

14 Check the SD card slot.  



157 
 

15 Check VGA port.  

16 
Check the sound card and sound output port. (Speaker of laptop 

as well.) 

 

17 Check the ethernet port  

18 Check battery backup time for laptop.  

19 Check the charger and charger port for the laptop.  

20 Check the keyboard (All keys must be working in order).  

21 
Check the mouse and trackpad (Mouse keys should be working 

properly for laptop and external mouse if supplied). 

 

22 Install windows office package.  

23 Install adobe reader.  

24 
Check wifi card (Wifi driver should be installed. Internet should 

be working over wifi in laptop and over ethernet in desktop.) 

 

25 
HDD should be formatted and partitioned into a minimum of 

two drives (or as per client request). 

 

26 Check flickering on the screen.  

27 
No  lines on screen (If there are any lines appearing on screen, it 

should be mentioned accordingly). 

 

28 Color – contrast good on screen.  

29 Brightness of screen (Check if brightness is optimum or dim).  

30 
All buttons on screen are working (Power, menu, reset, color 

buttons).  

 

31 Power and external ports of the screen are working properly.  

32 Screen stand fits properly.  

33 

External damage on the body of the screen (If there is any 

damage or scratch on the external body of the screen, it should 

be clearly mentioned). 

 

34 Check the performance, speed, and any abnormal boot delay.  

35 All required cables should be checked before packing.  

 

Remarks /Warranty conditions: 

 

 

Checked by     Verified by    Customers 
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3.5.2 Sales 

 
 Sales of refurbished electronics and electrical equipment recovered from e-waste is 
a major revenue source. Since quality assurance and building trust among customers is a 
major challenge in the second hand market, we offer warranties and after sales services to 
make our sales channel reliable and efficient. Doko has five major sales channels (online 
secondhand market place, third party suppliers, direct retail selling from Doko, direct 
contacts, e-commerce platform of Doko) that feature different types of items and expand 
market reach. 
 
Things to consider for refurbished sales 

 

1. Items should be well tested before putting them into sales channels. 
2. All data should be erased before putting items into sales channels. 
3. Pricing should be decided based on the following factors: 

a. Purchasing cost of e-waste 

b. Type of e-waste 

c. Market demand 

d. Second hand price of similar products  
e. Price of similar new products 

f. Time and effort taken to repair items 

g. Uniqueness of product 
h. Product version and age  
i. Technical specifications 

j. Product appearance 

4. Actual status of items should be made transparent to customers. 
5. False commitment and advertising of products should be avoided. 
6. Warranty clause should be clearly explained to customers. 
7. All pricing should be made including VAT and invoice should be issued for the same. 
8. Outward inventory should be recorded for all sales. 
9. Proper tagging should be done before products are handed over to customers. 
10. Devices should be tested in front of customers if requested. 

 
 
Warranty clause 

1. 30 days functional warranty for most of the refurbished items (except consumable 
items like lamps, toner, batteries, breakable items, etc.).  

2. No warranty for any physical damage. 
3. No warranty on LCD/LED screens. Customers should verify the functionality of the 

screens before payment. 
4. Equipment will not be exchanged once sold but if under warranty, we will perform 

free repairing or parts replacement. If the item can not be repaired, it can be replaced 
by similar items. 
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5. There will be no warranty coverage for any types of batteries. 
Sales Channel 

  
1. Second hand online market place 

All refurbished items will be listed in Nepal’s most established  online 
secondhand market www.hamrobazar.com. Items should be listed with 
details mentioned below: 

● Item name (should match key search words) 
● Multiple good quality pictures 

● Maximum selling price with negotiable options 

● Technical specifications if available 

● Delivery options 

● Warranty conditions 

 
 

Figure 74: Sales advertisement of LCD Monitors in hamrobazar.com by Doko 

 
 

http://www.hamrobazaar.com/
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2. Sales through third party suppliers 

 

 While third party sellers may take a commission when selling through their platforms or 

network, there are two advantages using them as a channel: 
1.  If we have a large stock of similar products; and  
2. The warranty clause is taken care of by a third party. 
   

3. Retail sales through display section in Doko 
 

As all the refurbished items are placed on display shelves at Doko Recyclers, 
this channel gives good visibility and opportunity for retail sales. We frequently do 
social media posts of our sellable items which attract customers to visit our location. 
This on the other hand also boosts Doko's reputation and professionalism with the 
way we handle e-waste.  

 
 

4. Retail and bulk sales through direct contact 
  

 This is one of the oldest sales channels where direct contacts of Doko 
employees, friends, and family are informed about the products through organic 
advertising. There are a few disadvantages of using this channel like price 
bargaining, quality issues, complaints, etc. 
 

5. Doko online sales platform 
 

 There is a flagship online sustainability store www.tatwashop.com operated 
by Doko Recyclers. The store holds a wide range of sustainable products (new) and 
we are planning to use the same platform to showcase refurbished products as well. 
We are also planning to launch a dedicated e-commerce platform to sell refurbished 
and upcycled items created from e-waste soon.  

 

3.6 Storage 

E-waste management can be simplified with a proper storage protocol and 
system. A storage system is required at various stages of processing e-waste. The 
following actions should be adhered to for proper storage of e-waste at various 
stages of e-waste management: 

 
1. All incoming e-waste should be weighed and data should be recorded accordingly 

(refer to  “Logistics”).  
2. E-waste should be stored temporarily in a designated space prior to screening and 

categorization. 
3. Sites for storage (including temporary storage) of e-waste prior to their treatment 

should have an impermeable surface (concrete flooring).  

http://www.tatwashop.com/
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4. Sites for storage (including temporary storage) of e-waste prior to their treatment 
should have weatherproof covering (shed structure). 

5. The design of the storage space should be customized according to the nature and 
value of the e-waste item. 

6. Proper record keeping should be done at every stage of the storage process. 
7. The temperature and humidity in the indoor storage area should be controlled to avoid 

rust, explosion, or other hazards.  
8. Indoor storage area should be well ventilated with enough light sources.  

 
 
Storage systems at various stages 

 

3.6.1 Temporary storage 

1. There should be enough storage space available to place all incoming e-
waste prior to screening.  

2. One to two shelves and a locking cabinet should be made available to store 
valuable items like laptops, mobile phones, cameras, etc. 

3. Non-breakable items (CPU, inverters, etc) can be stacked up to a height of 
70cm. 

4. Breakable items like screens or any item containing glass should not be 
stacked. These items should be placed on a vertical plane instead.  

5. Avoid stacking printers as their paper feeders often get damaged when 
stacked. 

6. A temporary storage area should be available every day and made ready to 
receive incoming e-waste.  

 
 

Figure 75: Temporary storage 
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3.6.2 Storage of breakable items 

 

1. After screening, if the breakable items need to be sent to the refurbishing 
section, store it in the shelves. 

2. Don’t stack screens if it can be repaired. Stacking causes pressure damage 
to LCD screens. 

3. Screens should always be placed upright. 
4. Only 5 laptops can be stacked in a single pile at a time.  
5. Non-repairable screens (items that need to be dismantled) can be stacked to 

safe limits (up to 10 LED/LCD or 4 CRT).  
6. Mobile phones should be stacked in small boxes. 

 

  

 
Figure 76: Breakable items storage 

 

3.6.3 Storage of valuable items 

1. Use a locking cabinet to store valuable items at every stage of processing. 
2. It is recommended to use a separate storage room with a lock to store 

refurbished valuable items (laptop, mobile phones, camera, etc.) and 
dismantled components (processors, RAM, high grade PWB). 

3. Install close circuit cameras in areas where valuable items are stored. 
4. Proper record keeping should be done for all incoming and outgoing valuable 

items.   
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Figure 77: Storage of valuable items 

3.6.4 Storage of refurbished items 

 
1. Sellable refurbished items should be stored in the front section where visitors 

and customers can have a visual on  the items. 
2. This storage section should be separate from other sections of e-waste 

management sections (pre-processing, dismantling, and refurbishment). 
3. Shelves and items for sale should be labeled properly.  
4. It is recommended to place similar items on the same shelf or close to one 

another. 
5. There should be provision for testing tables near sellable items' storage 

areas. 

6.   
Figure 78: Storage of refurbished items 

 

3.6 5 Storage of antique items 

1. Antique items should be stored and displayed with the refurbished sellable 
items. 
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2. Labelling of antique items should be done if possible mentioning its name, life 
cycle, or any other relevant information. 

3. It is not recommended to put a pricing tag with the items to keep prices 
negotiable. 

 
Figure 79: Antique item storage 

3.6.6 Storage of components after dismantling 

 
1. Small or medium size carton boxes should be used to store various 

components. 
2. One box should hold only one type or similar type of components. 
3. Each storage box or compartment should be labeled accurately.  
4. Storage area for components can be placed near the refurbishing section as 

components will potentially be used as spare parts during repairing. 
5. It is recommended to place similar items on one shelf. 

  
 

Figure 80: Components storage 

3.6.7 Storage of metals 

1. An enclosed partition in an open space is suitable to store ferrous metals and 
aluminium produced after dismantlement. 



165 
 

2. Separate sections should be created for ferrous metals (bigger section) and 
aluminium (smaller section). 

3. The storage location of copper and brass should be in an indoor locked room, 
preferably  in the same room where other valuable items are stored. 

4. It is recommended to crush lightweight metal casing before storage. This 
saves space as well as increases the resale value. 

5. Weight of outgoing materials from the dismantling section should be 
recorded. 
 

  
 

Figure 81: Metal storage 

3.6.8 Storage of plastics 

 
1. An enclosed partition in an open space is suitable to store plastics produced 

after dismantling. 
2. Separate sections should be created for white plastics, colored plastics, and 

black plastics. 
3. It is recommended to crush the plastics to reduce volume when they are 

stored.  
4. Weight of outgoing materials from the dismantling section should be 

recorded. 

 
Figure 82: Plastic storage 
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3.6.9 Storage of Li-ion batteries 

1. Storage locations should be far from other material storage areas due to the 
hazardous and flammable nature of Li-ion batteries. 

2. Storage locations should be under a shed and well ventilated to avoid 
overheating of the batteries. 

3. Refer to ‘Handling of Hazardous Waste’ for a detailed methodology. 

 
Figure 83: Li-ion battery storage 

 

3.6.10 Storage of lead acid batteries 

1. Storage locations should be far from other material storage areas due to its  
hazardous nature (risk of acid leaching). 

2. Storage locations should be under shed and with well ventilation to avoid 
overheating of surroundings. 

3. Refer “Ch 3.4 Handling of Hazardous Waste” for methods to store it. 

 
Figure 84: Lead acid batteries storage 
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3.6.11 Storage of refrigerators 

1. An enclosed partition in open space is suitable for storing refrigerators. 
2. Store it vertically to avoid toppling. 
3. Remove all breakable components before stacking. 

 

  
Figure 85: Refrigerator storage 

 

3.6.12 Storage of wires and cables 

 
1. An enclosed partition in open space is suitable for storing wires and cables. 
2. Wires and cables  can be stored as a heap in open space. 
3. It is recommended to pre-sort cables into copper and aluminium types before 

storing. 

 
Figure 86: Wires and cables storage 
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Ch 4. Output fractions and downstream options 
  
  Components received during the collection process, manual dismantling, 
refurbishment, and temporary storage are managed during pre-processing or the treatment 
process (Ch 3.3 Treatment, Ch 3.4 Handling of Hazardous Waste fractions, Ch 3.6 Storage, 
Ch 3.1 Logistics). The next step in e-waste handling is the identification of different types of 
output fractions and what final downstream options are available to properly manage them 
in Nepal. 

The output of a dismantling plant for e-waste can comprise different components. 
Dismantling scenarios focused on depollution and the gain of only highly valuable 
components (such as PWBs, copper, brass, aluminium) often lead to a high content of 
mixed fractions (mixed plastics, power supplies, capacitors, ribbon cables etc.) that has to 
be further separated by means of mechanical separation processes.  

 
Few of the major output fractions/components that come from manual and machine 

dismantling are listed below: 
1. Printed Wiring Boards (PWB) 
2. Ferrous metal 
3. Non-ferrous metal (copper, brass, aluminium, etc.) 
4. Plastics (ABS, HIPS, BFR, PP, etc.) 
5. Glass (normal, leaded, toughened, etc.) 
6. LCD screen glass 

7. Cables and wires (ribbon, tape, multi stranded, etc.) 
8. Insulating glass fibers 

9. Polyurethane (PUR) foam 

10. Small components (fuse, capacitors, relay, etc.) 
11. Large components (transformers, motors, etc.) 
12. Lighting source (filament, mercury, LED, etc.) 
13. Batteries (dry cell, Li-ion, NiMH, NiCd, lead acid, etc.) 
14. Mixed waste fraction (which contains plastics and metals that cannot be 

separated) 
 
Unfortunately, there are limited downstream partners for particular types of output 

fractions (available for only metals and lead acid batteries). For the rest of output fractions, 
we have to rely on unauthorized downstream partners such as the informal sector. Few 
output fractions (black plastic casing, glass from CRT and LED display panels, dry cells, 
etc.) need to be disposed of in landfill sites. Most of the informal sector is India-based, 
however recently a few Chinese informal collectors have also started working in Nepal, 
mostly focused on PWB from mobile phones. Still many informal sector vendors are directly 
connected with the Indian recycling markets. Any transboundary movement of these output 
fractions exiting from Nepal is illegal.  
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4.1 Handling procedure for output fractions 

 

  Output fractions don't always generate revenue. Some have a negative value due to 
their disposal costs. We try to maximize revenue by finely sorting pure recyclable materials 
(higher grades of recyclables have higher value) which can be further processed in Nepal. 
The detailed process of handling output fractions are mentioned below.  
 

4.1.1 Printed Wiring Boards (PWB) 

 All electronics waste and most electrical waste contain some amount of PWB. 
The grades of the boards and their value are contingent upon the amount of precious 
metal present in them. After manual dismantling, all PWB recovered are stored in 
designated locations (refer to storage section). Once sufficient volume (around 200 
kg) of PWB is collected, it is further sorted manually into 3 - 4 categories as 
mentioned below. 
 

Grade Recovered from (not 
limited to) 

Picture 

1. Low grade Unprepared boards from 
CRT monitors (TV & PC), 
HiFi, power supplies, small 
domestic appliances, etc. 

 

2. Medium grade IT boards (PC, server, 
printer), mixed connectors, 
LCD monitors, IT 
motherboards 

 

3. High grade IT/telecom boards, 
motherboards (after 
removal of fan and heat 
sink) 
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4. Very high grade Mobile phones, IT 
components (processors, 
RAM, graphic cards etc.) 

 
 
  

Downstream processing 

Nepal does not have any integrated metal smelters to extract precious metals  
(gold, silver, palladium, etc.) from PWB nor is there any provision to export it 
to international smelters due to legal restrictions in transboundary 
movement). The 4 categories of sorted PWB are thus sold to informal 
collectors which are then taken to India via illegal channels. 

 

4.1.2 Ferrous Metal 

 There are various grades of ferrous metals used in e-waste. Segregating 
ferrous metals in respective grades is not manually possible since it requires a 
specific x-ray gun to detect the composition of other elements mixed with the ferrous 
metals. A rule of thumb to identify ferrous metal is to run a magnet through it. Any 
metal that sticks to the magnet is categorized as ferrous metal. 
 To increase the purity of ferrous metals, it is necessary to remove plastics, 
glass, or other non-ferrous metals attached to it. The pricing of ferrous metal 
depends on its density or the compactness in which it can be loaded into a truck (7-8 
tons).  

 
Figure 87: Ferrous metal output after removing other materials 

 



171 
 

  
Downstream processing 

There are a few heavy metal smelting industries in Nepal. They 
accept all kinds of scrap ferrous metals as secondary raw materials. The 
prices of scrap metals keep fluctuating based on supply and demand as well 
as trends in the Indian market. There are authorized aggregators to collect 
scrap metals in Kathmandu and other locations in Nepal. Doko Recyclers 
sells scrap metal to these aggregators for a quick turnover. 

 

4.1.3 Non-ferrous Metal (Copper, Brass and Aluminium) 

 

 Non ferrous metals hold around 5-15% of the total weight in e-waste items. 
They are considered decent revenue generating sources. Furthermore, it is easy to 
separate copper, brass and aluminium from e-waste depending on the location, 
hardness, and density of the metals. However, sometimes distinguishing between 
these metals creates confusion. The following steps should be followed to identify 
different types of metals in e-waste: 

● Use an angle grinder to cut the component and check its inner 
coloring. Copper components will be a shade of red, brass  a shade of 
yellow, and aluminium a shade of silver. 

 
Figure 88: Identification of Copper wire by Inner coloring 

 
● The spark coming out of the angle grinder also helps identify different 

types of metals. Stainless steel will produce the most sparks 
generated while sawing. After which brass, copper, and aluminium 
produce the  highest to lowest amount of sparks respectively.  
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Figure 89: Identification of metal by spark coming out of angle grinder 

 
The scrap price of copper, brass, and aluminium differs substantially so these 

three types of components should not be mixed and should be sorted separately.    
Moreover, it is advisable to  remove any impurities or contamination from these 
metals to increase their market value. Some examples of impurities are plastic 
attachments, ferrous metals, electronics components, etc.  

 

 
Figure 90: Aluminium heat sink with impurities and impurities 

 
Downstream processing 

There are many small and large non-ferrous metal smelters around 
Nepal. Aluminium is sent to utensils manufacturers. Copper is sent to utensils 
and copper wire manufacturers. Brass is sent to local sculpture and 
handicraft producers. 
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4.1.4 Plastics 

 

Plastics are found in all electronic waste in various forms and composition. 
The percentage of plastic in e-waste varies from 10 to 50%. They are usually found 
in casings, frames, and covers to name a few. Various types of plastics such as ABS 
(acrylonitrile butadiene styrene), PS (polystyrene) and PP (polypropylene) are 
usually used in computer manufacturing. In addition to these, many other types are 
used depending on their characteristics. 

Segregation of plastics in its various types requires technical knowledge 
because  different types of plastics are often combined with one another.  

 
Figure 91: Plastics used in keyboards and casing of CRT monitor 

 

Downstream processing 

There are no downstream partners for black plastics present in e-
waste so they must be dumped. White and colored plastics (irrespective of its 
composition) find their way in low value mixed plastic recycling streams via 
the informal sector. Presently we have no other option but to send black 
plastics to landfill sites.   

 

4.1.5 Glass 

 

Glass is an integral part of the display screen. CRT televisions and monitors 
account for up to 70% of glass in e-waste. Various kinds of glass fractions are 
uncovered after manual dismantling. Leaded glass found in CRT televisions and 
monitors are hazardous in nature and should be stored safely. It is also mandatory to 
keep the glass fractions apart from other output fractions for safety, as broken glass 
might injure a person working over there. 
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Figure 92: Glass output from CRT monitor 

  
 

Downstream processing 

There is no available option to sell  glass components in the scrap 
market or dispose of them safely. Sadly, the only option of disposing of glass 
at the moment is to dispose of them in landfill sites.  

 

4.1.6 Liquid Crystal Display (LCD) Screen 

 

Liquid crystals find wide use in liquid crystal displays which utilize the light 
modulating properties of certain liquid crystals. The CCFLs are hazardous and must 
therefore be treated cautiously.  
Liquid crystal layers contain indium, which is a valuable rare metal. 

 
Figure 93: Liquid Crystal screen glass 
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Downstream processing 

 

Small amounts of indium (In) can be found in the indium tin oxide 
(ITO) electrodes present in the liquid crystal module. Indium is a rare metal 
which is becoming scarcer at a global scale. Since liquid crystal displays do 
not take a lot of space and because the price of indium could potentially rise, 
it is recommended to store them for future indium recovery. Immediate 
recycling or disposing options are not available in Nepal. 
 

4.1.7 Cables and Wires 

 

Cables and wires are found in almost all e-waste items and they have a wide 
variety. There are 3 types of cables and wires: thick black cables, large cables, and 
coloured wires. Cables are recycled to recover copper. Refineries granulate cables 
to extract the metals from the surrounding plastic casing. Depending on the 
recycler‘s demand, the cables should be stripped and cleaned accordingly. Some 
recyclers, for instance,  use the flat grey plugs for recycling purposes, others don‘t. 
The conducting materials of cables and wire might be of copper or aluminium 
depending on the device’s requirement. The outer cover is mostly PVC plastic. Good 
revenue can be generated from copper cables while very less value is generated 
from aluminium cables. The extraction of copper or aluminium should be done using 
a “Cable Granulator” machine. Never burn the cables to extract metal out of it!  

 
Figure 94: Various types of cables 

 
Downstream processing 

There are no downstream partners available to process these cables 
safely. Doko Recyclers uses a cable granulator machine to process them. 
The copper and aluminium granules are then smelted in a mini-induction 
furnace at Doko’s site. The final output of copper and aluminium ingot are 
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sold to the secondary market as raw materials. The ingot has high value in 
comparison to directly selling the granules.  
PVC granules don’t have any recycling option in Nepal hence have to be 
disposed of in landfill sites.  
 

4.1.8 Insulating Glass Fiber 

 

 Glass fibers are used as insulating material in some heat exchange devices 
like refrigerators and electric water geysers. These glass fibers are non-recyclable 
and have less value as scrap material. Disposal of these glass fibers is difficult as 
handling  these fibers need precautionary measures since they cause skin irritation if 
touched directly.  
 

Downstream processing 

Glass fiber, also called glass wool, is not recyclable. There is no 
secondary use of this and it is hard to sell it in the second-hand market.  
Disposal in landfill sites is the only option available for this output fraction.  

 
Figure 95: Glass fiber insulation in geyser 

 

4.1.9 Polyurethane (PUR) Foam 

 

PUR foam is found as an insulating material in refrigerators. PUR foam also 
contains a blowing agent of coolant gas (CFC and HCFC). There is currently no 
technology in Nepal to recycle this and it remains a challenge  to manage refrigerator 
waste streams.  
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Figure 96: PUR foam in refrigerator 

 
Downstream processing 

  

Disposing in landfill sites is the only option available for this output 
fraction. 

 

4.1.10 Small Components 

 

Various small components are recovered from the e-waste after dismantling. Some 
hold value as spare parts in refurbishment while others are hazardous in nature 
(refer to “Handling of Hazardous Waste” for a detailed methodology). It is advised to 
store the components which can be used as spare parts in the future in a specific 
location. The final non-usable spare parts need to be treated accordingly. There are 
no specific guidelines for this.  

 
Figure 97: Small components output after dismantling 

 



178 
 

Downstream processing 
 

Hold in Doko for future use in refurbishment and direct component 
selling. 

 

4.1.11 Large Components 

 Various kinds of large components are recovered as output fractions during 
the dismantling process. Few of them are compressors, transformers, capacitors, 
etc. Most of these components need further dismantling and need to be segregated 
into recyclables and non-recyclables. The processing of output fractions after an 
additional round of dismantling needs to follow all the steps mentioned (refer Chapter 
3.4.3 Refrigerators and Air Conditioners) depending on the nature of output fractions.  

 
Figure 98: Compressor after refrigerator dismantling 

 
Downstream processing 

After testing, further dismantle non repairable compressors and 
separate components (ferrous metal, aluminium, copper). Before dismantling 
make sure there is no oil remaining inside the compressor. If there is oil 
inside the compressor, send those pieces to the refrigerator and air condition 
repairing partners. 

 

4.1.12 Lighting Source 

 

Various types of lighting products can be found in households and even in IT 
appliances. They are commonly used in household equipment where these lamps 
contain hazardous components or substances. The pictures below illustrate the most 
common lamps which contain hazardous fractions. 
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Figure 99: Common types of lighting products 

 
All lighting waste cannot be recycled. Lighting waste which contains some 

sort of gas like mercury, inert gases, etc., must NOT be manually dismantled prior to 
the treatment process as the gases emitted are dangerous. Household LED lights 
can be dismantled manually as they don't contain any harmful gas. 

 
Downstream processing  

Mercury containing lamps need to be dismantled using a Bulb Eater’ 
device. Refer to the hazardous waste handling section for details. Dismantle 
LED lights for component separation.  

4.1.13 Batteries 

 

Various types of batteries are present in IT appliances. Small batteries (i.e. 
button cells) are used to cover the permanent low energy supply for alarm and 
computer systems (clock, memory backup, etc.). In contrast, bigger batteries (e.g. 
laptop Li-ion batteries, UPS lead acid batteries) power the entire device. 
 

The following inscriptions can help to identify batteries and to distinguish  
batteries from other components (capacitors, resistors). The inscriptions are: +/ -, Li-
ion, NiCd, NiMH (nickel metal hybrid battery), alkaline (Zn/MnO2), “Danger do not 
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open”, “Do not dispose of in fire“, etc. Refer to ‘Handling of hazardous waste fraction’ 
for more details. 
 

Downstream processing 
Lead acid batteries are smelted in Nepal, Li-ion batteries to the 

informal sector, dry cells are sent to landfill sites (Sisdole). 

4.1.14 Mixed Waste Fraction 

 

Sometimes even after multiple levels of dismantling and processing, few 
waste fractions remain in mixed form because they cannot be separated from the 
metal components. For example, plastics inside metals, aluminium inside ferrous 
metals, etc. Such waste fraction streams should be categorized according to their 
majority composition. For example,  if a small amount of aluminium is present in the 
ferrous metal component, treat this as ferrous metal scrap. 
 

 
Figure 100: Mixed e-waste fraction 

 
Downstream processing 

Hold in Doko for future use in refurbishment and direct component 
selling. 
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4.2 Summary of output fractions 

 

Table 7: Summary of output fractions and its downstream processing 

Output fraction Source of 
extraction 

Doko 
processes 

(Yes (Y) / No 
(N)) 

Downstream 
processing in 

Nepal (Yes (Y) / 
No (N))  

Downstream 
processed or 
final disposal 

Printed Wiring 
Boards (PWB) 

All electronics 
and few 

electrical waste 

N N Informal sector 

Ferrous Metal All e-waste N Y Smelters in 
Nepal 

Non-Ferrous Metal All e-waste Y Y Local smelters, 
utensils 

manufacturers 
and handicraft 

factory 

Plastics All e-waste N N Informal sectors 
and landfill sites 

Glass Display screens, 
refrigerators, etc 

N N Landfill sites 

Liquid Crystal 
Display (LCD) 

LED/LCD TV, 
mobile phones, 
tablets, laptops 

etc 

N N Hold in Doko 

Cables and Wires All e-waste Y Y Process in Doko 
with cable 

granulators 

Insulating Glass 
Fiber 

Water geyser, 
refrigerators, etc 

N N Landfill sites 

Polyurethane (PUR) 
Foam 

Refrigerators N N Landfill sites 

Small Components All e-waste Y N Hold in Doko 

Large Components Large size 
household 
appliances  

Y N Hold/ landfill 
sites 

Lighting Source Household 
lamps, display 

Y N Mercury lamps 
are safely 
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screens, 
scanners, etc 

disposed of in 
Doko using a 

bulb eater. 
Mercury stored 
in filters will be 
concealed in 

concrete. Glass 
will be sent to 

landfill site 
(Sisdole) 

Batteries UPS, inverters, 
CPU, laptops 

N Y Lead acid 
batteries smelter 
in Nepal, Li-ion 

batteries to 
informal sector, 
dry cells landfill 

Mixed Waste 
Fraction 

All e-waste Y Y Hold in Doko 

 
 

4.3 Landfill Disposal 

 With limited resources and technology available in Nepal, a few items still remain 
even after various steps of e-waste treatment and refurbishment. There are currently no 
options but to dispose  of the remaining fractions in landfill sites.  
 

Following are the probable list of output fractions that need to be disposed of in 
landfills. 

Table 8: Summary of hazardous output fractions and its final disposal method 

Output fraction Source of extraction Final Disposal 

Black Plastics All e-waste Sanitary landfill (Sisdole) 

Glass Display screens, refrigerators 
shelves, etc 

Sanitary landfill (Sisdole) 

Insulating Glass 
Fiber 

Water geyser, refrigerators, 
etc 

Sanitary landfill (Sisdole) 

Polyurethane (PUR) 
Foam 

Refrigerators Sanitary landfill (Sisdole) 

Large Capacitors (> 
20mm) 

Large size household 
appliances like washing 
machine, microwave oven, 
Dishwasher, etc 

Sanitary landfill (Sisdole) 
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Following are the probable list of output fractions that need to be disposed of in 
landfills. 

 
1. Any remaining fractions should be taken in small quantities to landfill sites. 

There might be a risk of fire or explosion if pressure builds up when some 
items are dumped together in large quantities like dry cells and capacitors. 

2. Hazardous fractions should be dumped in locations where there are none or 
very little volume of other municipal solid waste (MSW). 

3. If possible, a separate section to store byproducts of e-waste treatment and 
refurbishment should be created in landfill sites. This might act like an urban 
mine in the future and the waste can be reclaimed if we have proper 
technology available in Nepal. 

4. Landfill fractions should be stored in a designated enclosed location outside 
the shed structure. 

5. There is always a chance of hazards with dumping like leachate, chemical 
exposure, explosion, noxious gas, etc. 

6. Heavy metals like lead or mercury should be disposed of by sealing it off in 
concrete blocks so as to avoid contamination of earth and water. 

 
 
 

Ideal cases for handling hazardous fractions in landfills and alternative 

solutions 
1. Designated space with concrete sealing and a wall separating hazardous 

waste from other types of landfill waste is a better option to store hazardous 
waste in landfills. 

2. A proposal was sent to the Ministry of Urban Development to add a 
designated space for hazardous waste in an under construction landfill site. 

3. There can be alternate use of black plastics as filler material in road 
construction. 

4. A high temperature incinerator (above 1000 degree celsius) can be an 
alternative for safe disposal of hazardous fractions. 
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