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Executive Summary

The current report provides a comprehensive assessment of problematic fractions in electronic
waste (e-waste) in Egypt. The study employed a systematic approach to assess hazardous materials
in various types of electronic equipment, such as desktops, laptops, LCD panel displays, CRT panel
displays, and old and smart mobile phones, which are the most important in terms of volumes
handled by Egyptian recyclers. The assessment was based on a review of a significant number of peer
previous work, including literature, technical reports, and field studies performed by the report's
authors, followed by a comprehensive analysis of the collected data to quantify the concentration of
each hazardous material in each fraction and sum the concentration of hazardous materials included
in each equipment.

The typical hazardous materials found in e-waste include heavy metals such as mercury, lead, and
cadmium; brominated flame retardants (BFRs) such as polybrominated diphenyl ether (PBDE) and
polychlorinated biphenyl (PCB); chlorinated persistent organic pollutants (POPs) that exist in many
fractions of e-waste; and unintentional POPs released from e-waste, such as dioxin and furan-like
structures. The total concentration of hazardous materials in each e-waste fraction was calculated by
summing up the concentration of each element in the fraction.

The study also conducted a WEEE (waste electrical and electronic equipment) mass flow assessment,
focusing on equipment that is recycled in Egypt and considered the most problematic, in particular,
equipment that includes the highest quantity of hazardous materials. A survey was conducted to
assess the quantities of electronic equipment that Egypt consumed from 2015 to 2021, with the main
source being CAPMAS (Central Agency for Public Mobilization and Statistics). The WEEE mass flow
assessment employed the conventional assumption of estimating the equipment end of life (EoL)
and using a logistic forecasting approach based on the information on products put on the market
obtained from several sources, including CAPMAS.

The analysis of each equipment separately aimed to identify the quantities of hazardous materials
evolving from each equipment. The results showed that lead constitutes the highest amount of
hazardous materials in equipment such as CRT, LCD, laptop, and desktop, mainly present in batteries
and leaded glass, followed by PBDE material in equipment such as desktop, LCD, laptop, and CRT,
mainly existing within plastic fractions.

In conclusion, the study provides a comprehensive assessment of problematic fractions in e-waste in
Egypt, including hazardous materials and WEEE mass flow assessment. The results of the study can
inform policy and decision-making related to e-waste management in Egypt and contribute to the
development of sustainable solutions for e-waste management.

Keywords

Problematic fractions, recyclers, waste management, hazardous waste.



Introduction

The Stockholm Convention clarified that the man-made materials used in electronic and electrical
equipment (EEE) contain hazardous elements. It aimed to restrict or eliminate the usage of Persistent
Organic Pollutants (POPs) due to their severe effects on both the environment and the human health®.
The convention was signed by Egypt in 2002 and was effective on the 17th of May 2004. Following the
convention, it was realized that the problem of the electronic and electrical equipment disposal as E-
Waste is growing due to the swift increase in the availability of such equipment worldwide along with
the decrease in their cost and the cost of their accessories, especially networking equipment mobile
phones, desktops, laptops, and LCD monitors used for computers and televisions.

The main problem associated with E-Waste is that as much as it contains rare and precious metals such
as gold, silver, platinum, and palladium; it also contains toxic, persistent and bio-accumulative materi-
als that include heavy metals such mercury (Hg), lead (Pb), cadmium (Cd), chromium (Cr), tin (Sn), zinc
(zn), and non-metals such as brominated flame retardants (BFR) and chlorinated insulators containing
highly toxic persistent organic pollutants (POPs). This combination of materials constitutes most of the
E-Waste fractions rendering them of hazardous nature.

The current document shall detail the methodology and approach to assess the problematic fractions
of the E-Waste and quantify and classify their hazard in order to find solutions and to reduce this haz-
ard impact.

Scope of Work

The scope of this study includes certain category of electronic equipment such as Desktops, Laptops,
Mobiles, CRT, LCD, and Mobile Boosting Stations. Such equipment is the main interest of recyclers in
Egypt, as they include high grade printed circuit boards that yield certain amounts of precious metals
such as gold, silver, platinum, and palladium, as well as basic metals such as lead and copper. As for
printers, inverters, voltage regulators, toners & cartridges are not within the core interest of the recy-
clers. For instance toners and cartridges are mainly refilled for reuse and then at the end of many
cycles they are disposed in hazardous waste landfill. As for Printers they dismantled and used as spare
parts.

! Exposure to Dioxin and Dioxin-like Substances: A Major Public Health Concern”, World Health Or-
ganization, Geneva, Switzerland,



Work Organization

The assigned work consists of two deliverables:

e Assessment of the problematic fractions
e Opportunity study on available solutions including impact assessment

The first deliverable (the current report) includes the Baseline Assessment of Problematic Fractions,
in accordance with the normal approach of many interested parties on the international level since
this is a new activity in Egypt. So the data shall be collected from previous published work to assess
problematic fractions from several sources as referenced in the report (27 references).

The data was collected from Egyptian sources such as CAPMAS (main source of information in Egypt),
the Ministry of Communication and Information Technology and WMRA (Waste Management Regula-
tory Agency) as they possess the main information about the quantities of electronic equipment an-
nually delivered into the Egyptian market, as well as the management of hazardous waste in Egypt.

Legislations review is included in item (5) of the report. These are the legislations that govern the waste
management in Egypt. It is worth noting that stakeholders in Egypt follow the European Directive
2002/96 activated in 2006 that control the content of hazardous materials in electronic equipment.

The second deliverable titled: Solutions for Problematic Fractions from WEEE in Egypt in which inter-
action with the recyclers, facilities practices including meetings, interviews, field observations, etc.
shall be continued; analysis of obtained data shall be provided and actions to improve fraction man-
agement shall be prepared in detail.

Methodology and Approach for Assessment
of Problematic Fractions

The assessment of problematic fractions is based on the review of a significant number of peer previ-
ous work including published literature and technical reports followed by a comprehensive analysis of
the collected data to quantify the concentration of hazardous materials included in each fraction and
sum the concentration of these materials in each equipment. Prioritization of hazard of the equipment
shall be based on the concentration level of the hazardous materials included in such equipment.

Typical hazardous materials found in E-waste include:

o Among the heavy metals included in the fractions, the following are the most hazardous: Mer-
cury (Hg), Lead (Pb), and Cadmium (Cd).

e BFRs that exist within plastic fractions contain POPs such as poly-brominated diphenyl ether
(PBDE) and polychlorinated biphenyl (PCB) are of highest concern.

e |nsulators contain chlorinated POPs exist in many fractions of the E-Waste

e Unintentional POPs Released from WEEE such as Dioxin and Furan like structure.



Basic Fractions and Elements of Electronic
Equipment

The electronic equipment varies in type and functions. It is worth noting that the assembled closed
properly functioning equipment at no leakage and no broken components is safe to use at no risk of
exposure to any hazardous material, but once the equipment is broken or dismantled at the end of its
life it becomes a source of hazard, as its internal components include a wide range of hazardous ma-
terials. The next Table shows each equipment, its fractions, and elements of each fraction. In the next
section we shall list and describe the electronic equipment subject to dismantling at the end of life and
list it’s potentially hazard fractions. Each element shall be quantified to assess its hazard effect when
dismantling the mother equipment.



Table 1:  Equipment/ Fractions and Elements of Electronic Equipment?

POPS E
Heavy Metals/ Metals Included in WEEE Fractions Bromin
POPS
Retard:
Equipment |Fraction
Lead Mer- Ca‘d- Barium | Copper | Lithium | Nickel | Chromium | Arsenic |Zinc |Indium |Tin Antimony PBDE
cury mium
Desktops Printed Circuit Boards v v v v v v v v v v v v
Metal Frame v v
Plastic Frame v
Internal Wiring v v v v v
Cables (PVC outer case) v v
AgO Button Cell v v
Transducers
Small transformers
Capacitors v
CPU/processor
Laptops Motherboard v v v v v v v v v v v v
LCD Panel Display v v v v v v v v
Plastic casing v
Keyboard v
Battery (Li-ion) v v v v
A/C adaptor v v
External Frame (Metallic) v v v

2 Assessment of POPs, UPOPs, and Associated Hazardous Release from E-Waste Managing and Processing, Medical and Electronic Waste Management Project. UNDP in partn
December 2021.



POPS E

Heavy Metals/ Metals Included in WEEE Fractions Bromin
POPS
Retard:
Equipment |Fraction
Mer- Cad- . r . . S . . -
Lead . Barium | Copper | Lithium | Nickel | Chromium | Arsenic |Zinc |Indium |Tin Antimony PBDE
cury mium

LCD Panel | Polarizing Film v v v
Display LCD Module (Panel Glass) v v v v v

LCD Backlight Lamp v
CRT Panel | Funnel Glass
Display CRT Tube/ Electron Gun v v v

CRT Neck v v v

Plastic Casing v

PCB v v v v v v v v v v v v
Mobile Printed Circuit Board (PCB) v v v v v v v v v v v v
Phone Plastic casing v
(oid
phones) Batteries (Li-lon) v v v v

Screens v v v v v
Mobile Printed Circuit Board (PCB) v v v v v v v v v v v v
Phone Plastic casing v
(Smart
phones) Batteries (Li-lon) v v v v

LCD panels/ Florescent lamp v v v v v

Metal Frame v v
Mobile Printed Wired Board v v v v v v v v v v v v
Boo'stlng Cables and Internal Wiring v v
Station

Non-Rechargeable Ni-Cd Battery v v

Non-Rechargeable Mercury Button v

Cell

Battery (Lead-Acid) v v




Equipment

POPS E

Heavy Metals/ Metals Included in WEEE Fractions Bromin
POPS
Retard:
Fraction
Mer- Cad- . " . . . . . . .
Lead . Barium | Copper | Lithium | Nickel | Chromium | Arsenic |Zinc |Indium |Tin Antimony PBDE
cury mium
Plastic Fan
Plastic Frame v v
RAM Board Vv Vv




5.1 Desktops
Desktops consist of the following fractions:

e Motherboard: This fraction includes all sort of heavy metals the most hazardous of them are
the Lead (Pb), the Mercury (Hg) and Cadmium (Cd), as well as epoxy raisin (BFR).

e Plastic casing, the plastic casing is fabricated from plastic material that sometimes contains
brominated flame retardant, which releases un-intentional POP elements such as PBDD (Di-
oxin like structure) and (PBDF) (Furan like structure) when heated or burned

e Metal casing, which is fabricated from Steel Alloy containing Nickel/Chrome (heavy metals) or
from aluminum

e Internal wiring, where the core is copper wrapped with plastic material containing brominated
material, which releases un-intentional POP elements such as PBDD (Dioxin like structure) and
(PBDF) (Furan like structure) when heated or burned

e (Cables (PVC outer case), is fabricated from lead and copper and insulated with chlorinated
material that releases PCDD (Dioxin) and PCDF) (Furan) when heated or burned

e AgO Button Cell used inside the desktop devices for keeping the clock working inside the
board, and containing lead, and mercury.

e Small transformers contain Polychlorinated Biphenyls (PCBs), which are POPs

e (Capacitors contain mercury in addition to PCBs

e CPU/processor includes basic materials such as silicon, copper, aluminium, and various plas-
tics, as well as some precious metal like gold and silver

e Hard disk drives (HDD), CD and DVD drives,

e Random access memory (RAM) card is composed of different materials.

5.2 Laptops

Laptops are quite similar to the desktops regarding the fractions; these fractions are designed to allow
the laptop to function similarly to the desktop computer. The laptop fractions are Motherboard, key-
board, plastic casing, HDD, CD/DVD drive, RAM card, battery (Ni-Cd), cables and wirings, A/C adaptor
and LCD panel display. As shown from the previous Table, the laptop fractions include a combination
of hazardous materials of metal and non-metal constituents. As shown from the same Table, the moth-
erboard or the printed circuit board (PCB), the plastic casing, and the Ni-Cd battery include the most
hazardous elements.

5.3 LCD Panel Display

The LCD includes Glass panels, cold cathode fluorescence lamps (CCFL) or tubes, backlight lamp power
board, PCB and the plastic casing. The display panel sandwiching the liquid crystals, is coated with the
drive electronics which are row and column electrodes. The LCD Panel includes many heavy metals
such as Arsenic, Mercury and Zinc in addition to the plastic constituents. While the backlight lamp
contains mercury.

5.4 CRT Panel Display

Most of the CRT composition is glass of different structural and chemical properties to perform differ-
ent functions in the device. The components of the device include Funnel glass containing lead, panel



glass containing barium and strontium, frit with low melting temperature solder, neck glass with high
lead content, shadow mask made of steel and the electron gun. Such materials combination makes
the CRT highly hazardous type of E-waste harmful to human health and in need of careful treatment
whether for recycling as raw materials or safe disposal. The Pb in the funnel and neck glass is found in
the form of PbO3, PbO4 and PbO6, which are considered persistent in the environment. The front
panel is considered also toxic, but it contains much less lead concentration in addition to Ba and St.

5.5 Old Mobile Phones

At the end of their life, the mobile phones are considered E-waste of concern as they include many
hazardous materials such as toxic heavy metals as lead, mercury, and cadmium as well as other heavy
metals as shown in the above Table, in addition to Printed Circuit Boards, cables and internal wirings,
and the plastic casings. Various liquid crystalline substances including mercury. In specific variable
types of batteries such as Nickel-metal hydride (Ni-MH), Lithium-ion (Li-lon), nickel-cadmium (Ni-Cd);
these batteries contain nickel, cobalt, zinc, cadmium, and copper, while Li-lon batteries use lithium
metallic oxide and carbon-based materials.

5.6 Smart Mobile Phones

All of the fractions of the smart mobile phone are similar to the old mobile phones; they contain many
heavy metals such as lead, mercury and cadmium as well as high concentrations of other hazardous
metals for instance antimony in addition to plastics and BFRs existing in the casing.

5.7 Mobile Boosting Station

As shown from the above Table, the fractions of the mobile boosting station incorporate a variety of
hazardous metals as well as non-metallic hazardous such as POPs that release harmful elements such
as Dioxin and Furan if they are maltreated.



6

Efforts to Restrict the Use of Hazardous Mate-
rials in Electronic Equipment

6.1 European directive for restriction of hazardous substances RoHS

The European Directive for Restriction of Hazardous Substances (RoHS) is restricting the use of certain
hazardous substances in electrical and electronic equipment; the RoHS Directive, entered into force
on July 1st, 2006. The Directive prohibits the placing on the market of such equipment if it contains
more than regulated amounts of lead, mercury, hexavalent chrome (chromium (VI)), cadmium, poly-
brominated biphenyls (PBBs) and poly-brominated diphenyl ethers (PBDEs). Limit values are set at
0.1% by mass of homogenous materials for all, but cadmium the limit is 0.01%. The stated purpose of
the Directive includes, among others, “to contribute to the protection of human health and the envi-
ronmentally sound recovery and disposal of waste electrical and electronic equipment”.

The directive application was applied to equipment produced after 2006, where the RoHS entered into
force. However, a total of 21 exempt applications have been agreed upon in the Annex of the Directive,
most of which permit continued the use of lead or mercury for certain specific applications on the basis
that alternatives are not available. There are also exemptions for certain uses of cadmium, hexavalent
chromium and for the PBDE ‘deca’ (decabromodiphenyl ether, or BDE-209) in polymeric applications.

The Directive promotes the recyclability of EEE, as EEE and its components that have become waste
contain fewer hazardous substances. At the same time, it ensures a level playing field for manufactur-
ers and importers of EEE in the European market. All products with an electrical and electronic com-
ponent, unless specifically excluded, have to comply with these restrictions.

6.2 Stockholm Convention

The Convention requires Parties to eliminate or restrict the production and use of the intentionally
produced POPs, subject to specified exemptions, with special provisions for DDT and Polychlorinated
Biphenyl (PCBs), Polybromodiphenylethers (PBDEs) which are the main substance of many Brominated
Flame Retardants, and Dioxin and Furan, unintentionally produced during burning fractions containing
chlorinated and brominated elements. For PCBs, the Convention prohibits new PCB production and
envisages phasing out electrical equipment that contains high concentrations of PCBs by 2025.

Among other things, the Convention requires Parties to develop appropriate strategies for identifying:

e Stockpiles consisting of or containing intentionally produced POPs chemicals.

e Products and articles in use and wastes consisting of, containing, or contaminated with any
POPs chemical.

e Sites contaminated with POPs.



It also requires Parties to take appropriate measures so that POPs wastes are managed in an environ-
mentally sound manner. This includes both destruction and disposal techniques. Although remedia-
tion of contaminated sites is not required, any such remediation must be performed in an environ-
mentally sound manner.

Waste Legislative Framework in Egypt

The Egyptian legislations are discussed in this section to emphasis the needs for particular actions by
introducing specific legislations for the WEEE management, since this subject is of global importance,
as it is a fast-growing industry that should be properly regulated. Despite the Government effort, this
business is still dominated by the informal sector. The already established formal facilities need yet a
lot of support to be on the right track.

7.1 Egyptian Law No0.4/1994 and Its Amendment Law 9/2009

Egypt addressed the waste management in general and the hazardous waste management in particu-
lar in Law 4/ 1994 amended by Law 9/2009 in many of its articles 29, 33, and 38 of the Law 4/1994 and
the articles 25, 28 and 29 of the executive regulations. These articles did address the hazardous waste
in general but not the issue of electronic Waste in particular.

7.2 Egyptian Waste Management Law No.202 of 2020

This law is the major legislation that manage the waste in general. It consists of 80 articles divided in
six sections, and aims at regulating the organization of waste management in Egypt, excluding nuclear
and radiological activities (regulated by Law No.7 of 2010). The main goals of the Law are:

e develop an integrated management of municipal, industrial, agricultural, demolition and con-
struction waste as well as their safe disposal.

e reduce waste generation.

e promote reuse.

e work to ensure the recycling, treatment and final disposal of waste.

e manage waste in a way that reduces damage to public health and the environment.

A Waste Management Regulatory Authority (WMRA) is established with the following tasks:

e regulating, tracking, auditing, evaluating, and developing everything related to Integrated
Waste Management activities.

e attracting investments in the field of Integrated Waste Management activities to ensure sus-
tainable development.

o following up the implementation of the plans required to regulate waste management in co-
operation with governmental institutions, municipal entities, the private sector, NGOs and in-
ternational organizations.

e issuing the licenses needed to undertake waste management activities.

WMRA main planning and organizational actions are:

e preparing the national strategy for integrated waste management.

10



e establishing and managing the national system for managing waste information and data.

e determining the geographical scope of the service areas of the integrated municipal waste
management and the type of services required.

e ensuring the availability of financial resources with the administrative authority to cover the
contracted services.

e controlling the activities of integrated waste management, and preparing key performance
indicators to monitor, follow up and evaluate the work.

e preparing and reviewing proposals to develop and update legislation, laws, regulations, stand-
ards, and technical rules that regulate the methods of integrated waste management.

e providing technical consulting services, support, and recommendations to the competent ad-
ministrative authorities as well as to the actors in the waste management system.

e encouraging investment opportunities by setting incentive prices for compost outputs, ex-
creta, and alternative fuels.

e encouraging research, applied studies, experimental projects and initiatives that contribute to
improving and developing performance in waste management.

The Law expressly prohibits:

e open burning of waste.

e mix without approval any type of waste with each other by the licensee to practice any of the
activities of integrated waste management.

e throw, sort, or treat municipal waste except in the places designated for these purposes.

e dump agricultural waste into waterways or disposed of in places other than those designated
for these purposes.

e use empty packages of hazardous materials or use products resulting from their recycling ex-
cept in accordance with the requirements specified by the Executive Regulations of this Law.

e export hazardous materials or waste to outside Egypt without approval.

e dump hazardous materials or waste into the regional sea, continental shelf, exclusive eco-
nomic zone, or high seas of Egypt.

The Law classifies waste as (a) hazardous or (b) non-hazardous. The requirements for the management
of hazardous waste are as follows:

e obtaining a special license for the integrated management of hazardous waste and substances.

e obtaining an approval from the Waste Management Authority for its circulation.

e maintaining a register of such waste and the methods of disposal.

e sterilizing and disinfecting the place where the facility producing such waste was established
in case it was moved or its activities suspended.

As shown from the above, the law did not tackle WEEE in particular; however, it considered the WEEE
as special hazardous waste and no further regulation tailored to this type of waste in both the law and
its executive regulation. However, WMRA has set certain procedures for the WEEE circulation and re-
cycling as detailed herein after.

7.3 WMRA Procedure for WEEE Management/ Recycling

The Waste Management Regulatory Agency WMRA is the main Egyptian agency that regulates and
control the waste management in Egypt. The agency has promulgated certain rules to control the cir-
culation of WEEE in Egypt. In Law 202/2020 act No. 55 of the Law (Integrated management of hazard-
ous materials and waste) states that: “It is prohibited to handle hazardous materials and waste except
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after obtaining the approval of the Environmental Affairs Agency and with a license from the compe-
tent administrative authority. This was followed by the regulation paper promulgated by WMRA to
control the auctions, which are the main source of WEEE in the Egyptian Market (See Annex 3).

These acts have limited the circulation of WEEE within the Egyptian market and obligated waste and
hazardous waste producers to hand over the waste except to establishment that possess environmen-
tal permits.

The current sources of WEEE in Egypt are:

Auction of the IT Companies, banks and governmental entities
Main Users of E Equipment (mainly households)

Formal Collectors

Electronic and Electrical Equipment Dealers (Shops and Brands)

Most electronic devices in Egypt are not locally manufactured. Instead, they are imported and sold by
a large network of distributors.

EEE are used by all layers of society: consumers and households as well as public, private and civil
society organizations.

The main WEEE aggregation points are:

Companies with a heavy usage of EEE such as banks or telecom
Government bodies

Formal collectors

Electronics shops.

The auctions of Telecommunications Companies, Banks and Governmental Entities are the major
sources of WEEE. These auctions are ongoing so frequently; Accordingly, WMRA set some rules (at-
tached are the set of rules issued by WMRA — last page of this document) to control the final disposal
of WEEE resulting from these organizations as per the following:

Companies applying for the auction must possess a recycling licensed facility of recycling ca-
pacity covering all recycling stages. The facility should have an environmental permit issued
from EEAA in accordance with an approved ESIA

Applicants for the auction of electronic and electrical waste are required to submit all docu-
ments, approvals, licenses and registers issued for the facility or company by the concerned
authorities, whether it is the Ministry of Environment or the Ministry of Trade and Industry,
indicating that they are authorized to carry out the activity of recycling electronic and electrical
waste, according to the type of waste licensed to be recycled, and all these permits should be
valid.

Commitment not to cause any negative health or environmental impact while carrying out
work related to recycling and safe disposal of hazardous waste.

No company is allowed to participate to the auction unless it is listed in WMRA records, based
on the company’s fulfillment of the environmental approval and the license from the Industrial
Development Authority through a field inspection of the facility to ensure its compliance with
all licensing requirements.

Itis not allowed to participate into electrical transformers containing oils auctions except after
obtaining a certificate from the Ministry of Electricity ensuring that that oil does not contain
PCBs.

It is prohibited to give up or hand over waste except in the places designated for it, according
to each waste and each activity.
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Methodology for Hazardous Materials Assess-
ment in E-Waste Fractions

Some fractions are common in the waste equipment such as printed circuit boards, batteries, plastic
frames, etc. these fractions have, in turn, some common heavy metals and hazardous non-metals.
Many researchers (references are listed in Section 7) endeavoured to quantify the content of heavy
metals and other hazardous materials through experiments and laboratory tests. Toxic metals content
of discarded motherboards (printed circuit boards), monitor glass and monitor plastic housing of Cath-
ode Ray Tube (CRT) monitors, Liquid Crystal Display (LCD) monitors, and LCD touch screen monitor,
and others were used in these tests to identify the concentrations of chromium (Cr), cadmium (Cd),
lead (Pb), mercury (Hg), and Bromine (brominated flame retardants BFRs) PBDEs, PBBs and HBCD.

8.1 Testing Details

To identify the amounts of hazardous substances in the WEEE fractions many researchers carried out
a practical study of samples from different types of WEEE fractions. They found that different types of
WEEE fractions contained hazardous materials in measurable amounts. High levels of brominated
flame retardants, used to reduce the flammability of plastics, were found in many fractions such as old
cathode ray tube (CRT) monitors and consumer equipment, particularly CRT televisions.

The tests were carried out using electronic equipment such as Laptops from different brands, desktops
and others. To start with, the equipment was properly dismantled using the proper tools and the dis-
mantler was using the necessary PPE. The experiment included pulverization, digestion, and chemical/
physical analyses of all the materials of concern. The following Table shows the testing procedure of
fractions aiming at identifying the concentration of the hazardous materials of concern in accordance
with the European Directive on the restriction of the use of certain hazardous substances in electrical
and electronic equipment. As previously stated, the Directive prohibits the placing on the market of
such equipment if it contains more than regulated amounts of lead, mercury, hexavalent chrome
(chromium (V1)) cadmium, polybrominated biphenyls (PBBs) and polybrominated diphenyl ethers
(PBDESs). Limit values are set at 0.1% by mass of homogenous materials for all but cadmium, for which
the limit is 0.01%.
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Table 2:

Fractions Testing Details

Element to be Identified

Pre-testing preparation

Testing Device

Remarks

Preliminary Testing

e lead (Pb),
mercury (Hg),
cadmium (Cd) and

chromium (Cr; to-

tal amount, all
ionic states),bro-
mine (Br)

None

X Ray device - X-ray microanalysis
(EDAX):

An analytical technique which allows the detection and quantifica-
tion (as percent by mass) of major elements in the surface layers of
the material analyzed. This technique was used to identify

the presence or absence of the metals lead (Pb), mercury (Hg), cad-
mium (Cd) and chromium (Cr; total amount, all ionic states), as well
as the element bromine (Br) as first indication of the

possible presence of organobromine compounds or brominated
polymeric materials used as flame retardants.

This technique does not provide data on the presence or absence of
chlorine (Cl) in a material

Analytical Testing — Confirmatory Analysis

Chromium (VI)

The presence of hexava-
lent chromium being indi-
cated by the formation of
a red violet colour

Digestion of samples:

To the surface of each sample, a solu-
tion of 0.4 g of 1,5-diphenylcarbazide,
20 ml acetone, 20 ml ethanol (96%),
20 ml orthophosphoric acid solution
and 20 ml of demineralised water.

The analysis was carried out in ac-
cordance  with method IEC
62321/1CD, 111/24/CD-method 97.

The most toxic and carcinogenic ionic form of chromium and the
form controlled under RoHS

Bromine (brominated
flame retardants BFRs)-
PBDEs, PBBs and HBCD

Each sample was separately extracted
with toluene using a

Soxhlet extraction method, incorpo-
rating an internal labelled standard.
The extract solution is then analysed

Subsequently cleaned by column
chromatography and analysed using
capillary gas chromatography — mass
spectrometry (GC-MS) with identifi-
cation of analytes using the molecu-
lar and fragmentation ions. Quantifi-
cation of PBDEs, PBBs and HBCD was
performed using labelled standards.

Polybrominated diphenyl ethers (PBDE), polybrominated biphenyls
(PBB) and hexabromocyclododecane (HBCD) are some of the bro-
minated flame retardants belonging to a group of halogenated flame
retardants.

Tetrabromobisphenol A

(TBBPA)

Each sample was separately homoge-
nised and acidified and then extracted

Column chromatography
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with toluene, incorporating an inter-
nal labelled TBBPA standard. Ex-
tracted TBBPA was derivatives in
solution using acetic anhydride, prior
to analysis

clean-up and analysis using capillary
gas chromatography

— mass spectrometry (GC-MS). Iden-
tification is made from

molecular and fragmentation ions,
and quantification of TBBPA

was performed using a labelled
standard.
Lead X-ray Lead was incorporated in:
microanalysis e solder (4.5%)
e 13% lead by weight at the material surface)
e identified as ‘internal connector’.
Chromium Using the qualitative diphenyl carba-|The highest recorded values (17- 19% chromium) were associated
zide colorimetric method with the metal casings of internal drives or external card slots. How-
ever, subsequent analysis of one chromium containing metallic com-
ponent from each laptop showed that none contained detectable
levels of hexavalent chromium (VI).
Cadmium X-ray Not detected
microanalysis
Mercury X-ray Not detected
microanalysis
Bromine Around a quarter of all the components and materials tested in every

laptop contained detectable levels of bromine, at surface concentra-
tions ranging from 0.19% to 9.4%.

These bromine positive samples included in circuit boards, chips, ca-
bles and wires, plastic cable connectors, insulating

materials, fans and fan casings, touch mouse pads and various other
internal components.

Glass Hazardous Materials
Contents

The panel glass material was cut into
pieces of dimensions approximately 1

After completion of the digestion so-
lutions was analysed in its total con-
tent of:

ICP-MS was mainly
chosen since it is a very effective technique in elemental determina-

tion
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cm * 1 cm. The samples were then pul-
verized

by a solid sample homogenizer, a grid
of 0.5 mm openings, followed by a cy-
clone.

Then the specimen was digested using

Al, Cr, Fe, Ni, Cu, Zn, As, Cd, Sn, Hg
and Pb. Quantification of these

toxic metals were accomplished us-
ing Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS, Agilent 7500-
CX).

of trace and ultra-trace metals due to its excellent detection limits,
simple spectra and capability for quick multi-elemental and isotopic
determination.
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Quantitative Assessment of Hazardous Mate-
rials in WEEE Fractions

A literature review was conducted on the hazardous materials evaluation in the WEEE fractions using
the testing procedure presented in the previous section. The concentration in mg/kg (PPM) of materi-
als of concern, which are considered the most toxic such as mercury, lead, cadmium, POPs were quan-
titatively assessed. This assessment included the electronic equipment produced after 2006, where
the Directive RoHS Guideline came into force. As a result of the conducted review, the following Tables
show the concentration in mg/kg of each hazardous material in each fraction of the equipment pro-
duced after 2006:

e Desktops

e laptops

e LCD Panel Display

e CRT Panel Display

e Phone (Old phones)

e Mobile Phone (Smart phones)

e Mobile Boosting Station: Uninterruptible Power Supply (UPS), Control Panel and Antenna

9.1 Hazardous Materials Existing in Fractions

The following Table includes the concentration of hazardous materials in each fraction of selected
equipment, which was tested in accordance to the testing procedure described in the previous section.
This data was obtained following a conducted literature survey as listed in the Table.
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Table3: Concentration of Hazardous Materials of Concern in WEEE Fractions

Dismantled motherboard [1],[2],[3],[4] 85 2 - 300 0.06 6.50E-03
Dismantled power boards [1],[2],[3],[4] 85 2 - 300 0.06 6.50E-03
PWB in HDD drive [5] 600 - - 300 0.06 6.50E-03
PWB in CD/DVD drive [5] 940 - - 300 0.06 6.50E-03
Cables and internal wiring [5],[6],[7] 1,960 - - 35 6.90E-03 3.40E-03
RAM cards [1],[2],[3],[4] 85 2 - 300 0.06 6.50E-03
Plastic casing [3],[8],[9],[10] 35 - - 1,650 0.33 0.010
AgO button-cells [16] 39 - 15 - - -

Plastic fan [1] - - - 5 1.00E-03 0.010

Dismantled motherboard [1],[2],[3],[4] 85 2 - 300 0.06 6.50E-03
Dismantled power boards [1],[2],[3],[4] 85 2 - 300 0.06 6.50E-03
RAM cards [1],[2],[3],[4] 85 2 - 300 0.06 6.50E-03
Plastic casing [9],[14] - - - 70 0.01 0.01

Battery (Li-ion) [15],[16] 5 - 2 - 0.00 1.50E-04
PWB in HDD drive [5] 600 - - 300 0.06 6.50E-03
PWB in CD/DVD drive [5] 940 - - 300 0.06 6.50E-03
LCD glass panel [8] 1,400 6 - 7 1.40E-03 1.45E-03




Keyboard [1],[7],[10] - - - 50 0.01 0.01
Fluorescent lamp (CCFL Tubes) [17], [18], [19] - 212 - - -

LCD Panel Display

Monitor housing [8], [20] 192 0 3.94 8.00E-04 4.10E-03
Fluorescent lamp (CCFL Tubes) [8] 0 212 0.00 - -

LCD glass panel [8] 1400 6 5.40 1.10E-03 2.80E-03
Dismantled printed wired board [2], [3], [1], [4] 85 1 11 17285 3.46 6.50E-03
Non-rechargeable mercury button cell [16] 0 20000 0 0 - -

CRT Panel Display

Funnel glass [8] 221000 0 - -

Panel glass [8], [22] 30000 0 - -

CRT neck [8] 196000 0 - -

Plastic housing [17], [20], [23] 115 35 80 15.20 3.04E-03 1.00E-02
Printed wired board [2], [3], [1], [4] 85 2 0 300 0.06 6.50E-03
Mobile Phone (Smart phones)

Printed wired board [15] 260 0.30 0 0 0 6.50E-03
Plastic casing [15] 0.01
Battery (Li-ion) [15] 0

LCD panels [25] 0 0
Routers (Low grade equipment)

Printed wired board [2], [3], [1], [4] 85 2 0 300 0.06 0.0065
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Plastic body [2], [3], [1], [4] 35.4 0 1,650 0.33 0.01
Cables and internal wiring [5], [6], [7] 1,960 0 34.5 0.0069 0.0034
Non-rechargeable Ni-Cd batteries [11], [12], [13] 52,800 552,000 0 0 0
Telephones (corded/cordless) (Low grade equipment)

Printed wired board [2], [3], [1], [4], [24] 85 2 0 300 0.06 0.0065
Battery (Ni-Cd) [11], [12], [13] 52,800 0 552,000 0 0 0.00015
Battery (Li-ion) [15], [16] 5 0 2 0 0 0.00015
Cables and internal wiring [5], [6], [7] 1,960 0 0 34.5 0.0069 0.0034
Mobile Boosting Stations - Uninterruptible Power Supply (UPS)

Battery (lead-acid) | 750,000 0 0 0 0 0.00004
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9.2 Total Concentration of the Hazardous Materials in WEEE

The total concentration in mg/unit of each hazardous material was calculated by summing up of each
element in the fraction. The following Table shows the concentrations of the hazardous materials of
concern in each equipment.

Table 4:  Total Concentration in mg/unit Weight of Hazardous Materials of Concern in Each Equipment

Equipment Lead Mercury Cadmium | PBDE PBDD/F PCDD/F
Desktops 402.02 1.90 0.15 2334.57 0.47 0.02
Laptops 656.84 50.86 0.66 226.11 0.05 0.01

LCD Panel Display 4495.19 104.12 2.05 3236.06 0.65 0.01
CRT Panel Display 502423.14 74.47 170.14 533.69 0.11 0.03
Mobile Phone 5.87 6.60E-03 0.06 2.70E-05 5.40E-09 3.28E-04

9.3 Display of the Hazardous Materials (in mg) in Each Equipment

LEAD

502423.14

402.0208
656.8445
4495.186
5.87000312

DESKTOPS LAPTOPS LCD PANEL DISPLAYCRT PANEL DISPLAY MOBILE PHONE

Figure 1: Total Concentration of Lead (in mg/Unit) in All Equipment

The Figure shows that the CRT Panel exhibits the highest concentration of Lead.
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Figure 2: Total Concentration of Mercury (in mg/unit) in All Equipment
The Figure shows that the LCD exhibits the highest concentration of Mercury.
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Figure 3: Total Concentration of Cadmium (in mg/unit) in All Equipment

The Figure shows that the CRT Panel Display exhibits the highest concentration of Cadmium.
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Figure 4: Total Concentration of POPs (in mg/unit) in All Equipment

As shown from the Figure, the highest concentration of Total POPs exists in the LCD Panel Display.

9.4 Display of the Hazardous Materials Accumulation in Each Equipment

The following Figure shows the accumulation of all hazardous metallic and non- metallic materials in
each equipment as compared to each other.
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Hazardous Materials Distribution in Selected
Equipment

Lead Mercury Cadmium PBDE PBDD/F PCDD/F
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Figure 5: Hazardous Materials Accumulation (in mg/Unit) in Each Equipment
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The previous Figure shows that:

The CRT Panel Display is the equipment that contains the highest concentration of lead, cadmium and
includes mercury and POPs. The CRT is mainly composed of different kinds of glass: panel glass, made
of strontium/barium oxides in front of the monitor; funnel glass, leaded glass that covers the CRT unit;
neck glass, highly leaded glass that covers the electron gun; and front glass, highly leaded glass that
results from welding the funnel glass to the panel glass. Aside from the glass, the CRT contains a ferrous
shadow mask and an electron gun; this is in addition to the phosphorus content.

e The LCD includes mercury and the three types of POP

e The Desktop includes the three types of POP

e The laptop includes mercury and the three types of POP
e The mobile phone includes the three types of POP

CRT monitors are a substantial portion of the electronic waste stream. CRT monitors possess nominal
or negative scrap value as they contain leaded glass; therefore, CRT monitors are difficult and expen-
sive to recycle. As a result, CRT monitors should be transferred to be dismantled in a safe procedure.
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10

Electronic Equipment Inventory in Egypt and
WEEE Mass Flow Assessment

10.1 Objective of the Assessment

The assessment will help identifying the quantities of the WEEE generation in the past decade. This
generation is mainly related to the existing inventory of the electronic equipment and how and when
this inventory turns to waste. This, in turn, will help identifying and prioritizing the problematic frac-
tions that should be tracked from source to provide proper solutions to manage these fractions in
alignment with activities conducted within the existing governmental program.

10.2 Data Acquisition

A survey was conducted to assess the quantities of electronic equipment that Egypt consumes for the
past years. Several sources were approached to collect the data required for the WEEE generation
assessment starting from 2015 to 2021. This assessment focuses on equipment that are considered
the most problematic; in particular, the equipment that include the highest quantity of hazardous ma-
terials are CRT, UPS equipment, and then the LCD panel display.

The main sources of the acquired data are shown in the next Table:

Table5: Source of Data

Source Data Input from

e Central Agency for Public Mobilization and Statistics (CAPMAS) —
Statistical Data

Governmental Sources ® Interviews with WMRA
®  Egyptian Ministry of Communications and Information Technology
(MCIT)

®  WEEE recyclers

Meetings and Interviews e Previous Projects

®  Published Report from Previous Projects

Previous Work ® SRl Reports

Periodicals Issued by Relevant Authori-|/

Egypt Information Technology Reports
ties

10.3 Collected Data

10.3.1 Data Obtained from CAPMAS

As shown from the previous Table, the data was acquired from several sources the most important of
which is the Central Agency for Public Mobilization and Statistics (CAPMAS). The Agency is the main
source of official data in Arab Republic of Egypt. The Agency issues periodic bulletin of foreign trade
data to satisfy needs of users and policy makers.
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The data covered the following:

e Egypt imports of electronic equipment including LCDs, Desktops, and Laptops from 2013 to

2015.

e Egyptimports of electronic equipment including LCDs, Desktops, and Laptops from, from 2017
to 2018

e Egypt imports of electronic equipment including LCDs, Desktops, and Laptops from 2020 to
2021

Annex 1 includes the data sheets obtained from the CAPMAS. Data was obtained from the Ministry of
Communication and Information Technology (MCIT).

10.3.2 Data obtained from recyclers

There are 14 formal recyclers in Egypt at the time of writing. About half are not operating at full capac-
ity, so six recyclers were willing to contribute in this survey (another round of meeting shall be arranged
for the next report). Meetings with recyclers revealed that the main source of WEEE are the auctions
of the main waste producers such as the telecommunication companies (WE, Orange, Estisalat, Vo-
daphone, and others), as well as the other waste producers such as banks, governmental entities, and
others. It is obvious that the rate of E waste generation from these companies if much higher than the
household, which makes them dominate the market. The equipment end of life for household is much
higher.

10.3.3 Data collected from Waste Management Regulatory Authority of Egypt

The Waste Management Regulatory Authority of Egypt (WMRA) was visited several times to obtain
available information about the formal sector of WEEE management. They provided the attached lat-
est list of formal recycling facilities endorsed in December 2021 (Annex), which includes the following:

Table 6:  List of Formal WEEE Recyclers

# |Facility Tittle Scope of Work Location

International Technol- . 6 of October Industrial Area — Zone 6 — Giza Gover-
1 WEEE Recycling

ogy Group -ITG norate

Green Core for Recy-|WEEE Collection, Recycling

2 . . May Industrial Zone — Helwan — Cairo Governorate
cling and Metals Extraction
El Arayshy for Industry|Dismantling and Shreddin
3 and T:Iad: y of WEEE & 8 May Industrial Zone — Helwan — Cairo Governorate
4 Triple REE for WEEE 6 of October Industrial Area — Storage Zone — Giza Gov-
Recycling ernorate
Recycle Key for WEEE Sadat City — Small Industries Compound- Developers
5 Y y WEEE Sorting and Recycling y P P

Recycling Zone- Menoufeya Governorate

WEEE Collection and Recy-|6 of October Industrial Area — Youth Workshops — Giza

6 |Green Plus .
cling Governorate

Egyptian  Electronic
7 |Equipment Recycling
Company -EERC

WEEE Recycling and Pre-|6 of October Industrial Area — Youth Workshops — Giza
cious Metals Extraction Governorate

Egyptian Company for
8 |Metals Working (Aly
Hefzy Factory)

Recycling of Electrical and

Industrial Zone - Helwan — Cairo Governorate
Telephone Waste Cables —
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Copper Smelting and Copper
Bars Manufacturing

Hussein and Ahmed

Sorting, Categorizing and Re-

Tebbin Zone for Technological Projects - Helwan — Cairo

ply

9 |Abou Soilman for|cycling of WEEE — and WEEE
. Governorate
Trade Company Scrap Copper Smelting
Ext C f
xtreme Lompany for WEEE Recycling and Copper|Tebbin Zone for Technological Projects - Helwan — Cairo
10 |Contractual and Sup-

Alloys Production

Governorate

11

REMET Company for
recycling

Sorting, Categorizing and Re-
cycling of WEEE — and WEEE
Scrap Copper Smelting

Ataka Industrial Zone Extension — North Suez Gulf De-
velopment — Suez Governorate

WEEE Recycling and Pre-

6 of October Industrial Area Abou Rawash — Industrial

12 |E C
nergy Lo cious Metals Extraction Zone - Giza Governorate

WEEE Recycling and Pre-|6 of October Industrial Area — Youth Workshops — Giza
13 |ATABIAN WEEE . .

cious Metals Extraction Governorate

Sorting, Categorizing, Recy-

li f WEEE, PCBs Second-|El Wehda El Wataneya Area -Abou Rawash — Industrial

14 |El Ferdous Recycling cling © 5 >€Co y

ary Treatment and Precious

Metals Extraction

Zone - Giza Governorate

WMRA also provided the formal lead smelters list that can receive the Lead Batteries for environmen-
tally sound secondary smelting.

Table 7:  List of Formal Secondary Lead Smelters and Rubber Tiers Recycling
# |Facility Tittle Scope of Work Location
1 |[Chloride Egypt Used Batteries Recycling  |Abou Rawash — Industrial Zone - Giza Gov-

ernorate

2 |El Mottahida (United) for Batteries |Used Batteries Recycling |10%" of Ramadan Industrial City —Zone A4 —
Sharkeya Governorate
3 |El Mottahida (United) for Batteries|Used Storage Batteries Re-|Benisuef Industrial Zone — Nasser Region -
Recycling and Metals Manufactur-|cycling Benisuef Governorate
ing (Mostafa Abdel Wahab)
4 |El Nisr for Chemical Industries Used Batteries Recycling  |Sadat Industrial City — Zone 7 Menoufeya
Governorate
5 |Lead Smelting, Refining and Manu-|Used Batteries Recycling |Industrial Zone — Ara El Olaykat — Khanka
facturing Plants Qalyoubeya Governorate
6 |El Mottahida Company for Trade|Used Batteries Recycling |Industrial Zone — El Akrasha —Qalyoubeya -
and General Agencies Governorate
7 |El Hoda Company for Batteries Used Batteries Recycling  |Industrial Zone — El Akrasha —Qalyoubeya -
Governorate
8 |MARSO for Chemicals Rubber Tiers Shredding 10t of Ramadan Industrial City — Zone A1 -

Sharkeya Governorate

Among many smelters, these smelters are the only ones that are under the control of the periodic
inspection of EEAA and WMRA. These smelters have prepared Environmental Impact Assessment to
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obtain the environment permit for construction and operation. So they have to comply with the appli-
cable legislation; further they are under control regarding occupying EHS and ambient environmental
conditions, which are periodically inspected. Most of them are directly connected through a special
server to the National Environmental Monitoring Network of the Environmental Affairs Agency. This
Network is one of the basic tools for collecting data on the quality and volume of emissions from in-
dustrial establishments, and analysing these data contributes to giving a clear picture of the air quality
in the places where these facilities are located by calculating the pollution loads issued by them. Mon-
itoring emissions from chimneys depends on the use of specialized devices to monitor emissions from
industrial processes in order to calculate the concentration values of those emissions, as the data is
sent in each facility at the same time through the data collector to the main control room of the Envi-
ronmental Affairs Agency. The National Network for Monitoring Industrial Emissions has contributed
to: Amending the Executive Regulations of Environmental Law No. 4 of 1994, as amended by Law No.
9 of 2009.

10.3.4 Corporate Accreditation Procedure of WEEE Recyclers
The corporate accreditation procedure of WEEE recyclers includes:

e Obtain the environmental permit from EEAA through an Environmental Social Impact Assess-
ment (ESIA) Study

o Obtain the operating license from The Industrial Development Authority (IDA)

e Accreditation in the WMRA list.

The facility shall be subject to periodic follow up from WMRA to ensure its compliance with the ob-
tained permits requirements.

10.4 Egypt Electronic Equipment Inventory 2015-2021

The result of the survey is shown in the next Tables. The survey focused on Mobile, Telephones, Desk-
top, Laptop, LCD, and CRT; this equipment is considered the fasted growing waste streams and are
widely used among private and governmental sector in Egyptian. The obtained data was from 2015 to
2021, the main source was CAPMAS. The following Tables show the results of the survey.

Table 8: Installed Equipment from 2015 to 2021

Installed Equipment 2015*

Equipment Amount (Unit)
Mobile** 94,020,000
Desktop 35,461,945
Laptop 28,369,416
CRT 10,415,142
LCD 25,046,802
Installed Equipment 2018*

Equipment Amount (Unit)
Mobile 93,780,000
Desktop 71,057,000
Laptop NA

CRT NA

LCD 17,797

Installed Equipment 2019*
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Equipment Amount (Unit)
Mobile 95,340,000
Desktop 77,000,000
Laptop NA

CRT NA

LCD 137,000

Installed Equipment 2020*

Equipment Amount (Unit)
Mobile 95,360,000
Desktop 1,754,502
Laptop NA

CRT NA

LCD 323,405

Installed Equipment 2021*

Equipment Amount (Unit)
Mobile 103,450,000
Desktop NA

Laptop NA

CRT NA

LCD 898,038

* Annex 1 includes the data sheets obtained from CAPMA

**Data obtained from ICT

10.5 Approach to WEEE Mass Flow Analysis and Assessment

Method employed to assess WEEE mass flow is the conventional assumption of estimating the equip-
ment end of life (Eol). Basically, the calculation and prediction of the weight of EoL products is the
information on products put on the market obtained from several sources the most important of which
is CAPMAS as the official source of information in Egypt.

As shown from the above Tables, the year 2015 is the year which includes the comprehensive infor-
mation about all equipment installed in the Egyptian market; accordingly, the MFA is based on this
information using a very simple logistic forecasting approach that can use the obtained data.

Average life cycle/Obsolescence rate = Active Life + Passive Life + Storage

Where:

Active life: Is the number of years, an equipment can be effectively used.

Passive life: Is the period that it can be refurbished or reused for certain period.

Storage: Includes storage time before disposal and storage at repair shops before dismantling.

All the three parameters vary in different geographical regions. Therefore, average life cycle/obsoles-
cence rate is a function of time and varies in each geographical region and leads to different WEEE/e-
waste inventory. The Eol of equipment estimation according to which the WEEE Mass flow was iden-
tified is shown in the next Table.

Table9: Equipment EoL
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Equipment Active life duration in|{Average Weight in KG |Remarks

Years
Mobile 4 0.1
Desktop & Monitor 58 25 Source UNEP and UNU 2009
Laptop 5-8 5 These number could change with
CRT 8 14.5 the technology development
LCD 8 30

In accordance to the above Table, each equipment reach its EoL at a different life span. The following

Table show the year at which the equipment is considered waste.

Table 10: WEEE Penetration in the Market

Equipment Year at which Equipment Reach its EoL
Mobile 2018
Desktop 2015
Laptop 2015
CRT & Monitor 2015
LCD 2015
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11 Data analysis

In this section the obtained data shall be analysed considering each equipment separately aiming at
identifying the hazardous materials quantities evolving from every equipment.

11.1 Mobile Phones

The source of data for mobile phone is ICT Indicators Annual Report [26]. For the calculation of the
number of mobile phones in use, the following factors shall be considered, and consequently deduct
10% from the total number of subscriptions:

e Prepaid SIM cards out of use

e SIM cards for data line (internet-access only)

e Mobile phones that operate on dual SIM cards

o Temporary cellular line for foreign travelers in Egypt.

It is estimated that the average lifetime of a mobile phone is around four years (Source UNEP and UNU
2009 [27]. The following Table shows the mobile subscription and penetration in the marked from
2017 to 2021.

Table 11: Mobile Subscription

Year Mobile Subscription Mobile - 10%
2017 101270000 91143000
2018 93780000 84402000
2019 95340000 85806000
2020 95360000 85824000
2021 103450000 93105000

Mobile Subscription

106000000
104000000
102000000
100000000
98000000
96000000
94000000
92000000
90000000

88000000
2017 2018 2019 2020 2021

M Mobile Subscriptions

Figure 6: Mobile Subscription for the Period 2017 to 2021
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The mobile phones subscription is shown in the above Figure, which shows that the number of mobile
phones in use in Egypt declined between 2017 and 2018 and the rate was nearly flat between 2018 to
2020 and then started to rapidly increase in 2020 to 2021 where the number of mobile phones in use
in Egypt is growing in parallel with the population and almost reaching the market saturation. This is
due to the fact that mobile phone communication will continue to be seen as a basic necessity offering
numerous social and economic opportunities.

11.1.1 Assessment of Hazardous Material in Mobile Phones

In reference to Table 9, the stock of mobile phone in use in 2018 shall penetrate the market as WEEE,
where the number of mobile phones in use is 93,780,000 reduced to 84,402,000 by deducting the 10%
due to the fact there is several subscriptions that are not resulting in a mobile instrument such mobile
phone with two SIM cards, SIM cards for data line and temporarily cellular line for transit cases.

Table 12: Hazardous Materials in Mobile Phone

Mobile Phone Quantities of Hazard Materials per Unit (mg/unit)

Fraction Lead Mercury | Cadmium | PBDE PBDD/F | PCDD/F
Dismantled printed wired board 5.72 6.60E-03 | O 8.80E-06 | 1.76E-09 | 1.43E-04
Plastic casing 0 0 0 1.82E-05 | 3.64E-09 | 1.80E-04
Battery (Li-ion) 0.15 0 0.06 0 0 4.50E-06
LCD panels 3.12E-06 | 1.40E-06 | 2.58E-06 | O 0 0

Total 5.87 6.60E-03 | 6.00E-02 | 2.70E-05 | 5.40E-09 | 3.28E-04
Total in Egypt (Kg) 495.44 0.56 5.06 2.28E-03 | 4.55E-07 | 2.76E-02

As shown from the next Figure the Lead is the relatively highest hazardous material in the mobile
phone, as it exists in most of the equipment fractions, especially in printed wired board and battery.

Cadmium Mobile Phone PBDD/F
1% 0%
PBDE PCDD/F -
Mercury 0% 0%

Pl N

0%

Figure 7: Hazardous Materials Distribution in Mobile Phone



Figure 8: Composition fractions of the smart mobile phone

11.2 Desktops

The calculation of problematic fractions and hazardous materials quantities in the desktop is based on
the information obtained from CAPMAS. The estimated life of the desktop is 7 years, i.e., the stock of
2015 (35,461,945 unit) is turned to waste in 2022. The following Table shows the quantities of hazard-
ous materials in desktop.

11.2.1 Assessment of Hazardous Material in Desktop

Table 13: Hazardous Materials in Desktop

Desktop Quantities of Hazard Materials per Unit (mg/unit)

Fraction Lead Mercury | Cadmium | PBDE PBDD/F | PCDD/F
Dismantled motherboard 69.02 1.624 0 243.6 0.04872 | 5.28E-03
Dismantled power boards 8.041 0.1892 0 28.38 5.68E-03 | 6.15E-04
PWB in HDD drive 28.56 0 0 14.28 2.86E-03 | 3.09E-04
PWB in CD/DVD drive 45.12 0 0 144 2.88E-03 | 3.12E-04
Cables and internal wiring 203.84 0 0 3.59 7.18E-04 | 3.54E-04
RAM cards 3.791 0.09 0 13.38 2.68E-03 | 2.90E-04
Plastic casing 43.26 0 0 2016.3 0.40326 | 0.01222
Ag button-cells, 0.39 0 0.15 0 0 0

Plastic fan 0 0 0 0.64 1.34E-04 | 1.34E-03
Total per unit (mg) 402.02 1.90 0.15 2334.57 0.47 0.02
Total in Egypt (Kg) 14256.44 | 67.46 5.32 82788.44 | 16.56 0.73

The highest hazardous material is the PBDE (POP) used as BRF flame retardant as shown from the next
Figure. The PBDE is the main constituent of the BFR, which exists in all desktop fractions as shown from
the previous Table.
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Figure 9: Hazardous Materials Distribution in Desktop
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Figure 10: Desktop constituents
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11.3 Laptop

11.3.1 Assessment of Hazardous Material in Laptop

The calculation of problematic fractions and hazardous materials quantities in the laptop is based on
the information obtained from CAPMAS. The estimated life of the laptop is 7 years, i.e. the stock of
2015 (28,369,416 unit) is turned to waste in 2022. The following Table shows the quantities of hazard-
ous materials in Laptop.

Table 14: Hazardous Materials in Laptop

Laptops Quantities of Hazard Materials per Unit ( mg/unit)

Fraction Lead Mercury | Cadmium | PBDE PBDD/F | PCDD/F
Dismantled Motherboard 22.01 0.52 0 77.67 1.55E-02 | 1.68E-03
Dismantled power boards 8.04 0.19 0 28.38 5.68E-03 | 6.15E-04
RAM cards 7.58 0.18 0 26.76 5.35E-03 | 5.80E-04
Plastic casing 0.00 0 0 66.82 1.34E-02 | 9.55E-03
Battery (Li-ion) 1.66 0 1 0.00 0 4.97E-05
PWB in HDD drive 8.52 0 0 4.26 8.52E-04 | 9.23E-05
PWB in CD/DVD drive 45.12 0 0 14.40 2.88E-03 | 3.12E-04
LCD glass panel 563.92 2.34 0 2.82 5.64E-04 | 5.84E-04
Keyboard 0 0 0 5.00 1.00E-03 | 1.00E-03
Fluorescent lamp (CCFL Tubes) 0 47.64 0 0 0 0

Total 656.84 50.86 0.66 226.11 4.52E-02 | 1.45E-02
Total in Egypt (Kg) 18634.29 | 1442.93 | 18.78 6414.65 | 1.28 0.41

The highest hazardous material is the lead followed by PBDE (POP) used as BRF flame retardant as
shown from the next Figure. The lead exists in most of the laptop fractions, as for the PBDE, it is the
main constituent of the BFR, which exists in most desktop fractions as shown from the previous Table.

Laptops
PBDD/F PCDD/F
0% 0%

Cadmium AR
0% ——

Mercury
5%

Figure 11: Hazardous Materials Distribution in Laptop
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Figure 12: Laptop components
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Keyboard

Assessment of Hazardous Material in LCD

The calculation of problematic fractions and hazardous materials quantities in the laptop is based on
the information obtained from CAPMAS. The estimated life of the laptop is 7 years, i.e the stock of
2015 (25,056,802 unit) is turned to waste in 2022. The following Table shows the quantities of hazard-

ous materials in Laptop.

Table 15: Hazardous Materials in LCD
LCD Panel Display Quantities of Hazard Materials per Unit (mg/unit)
Fraction Lead Mercury | Cadmium | PBDE PBDD/F PCDD/F
Monitor housing 226.18 0 0 4.64 9.42E-04 4.83E-03
Fluorescent lamp (CCFL Tubes) 0.00 26.29 0 0.00 0 0
LCD glass panel 4253.20 17.65 0 16.41 3.34E-03 8.51E-03
Dismantled printed wired board 15.81 0.19 2.05 3215.01 | 0.64356 | 1.21E-03
Non-rechargeable mercury button
cell 0.00 60.00 0.00 0.00 0 0
Total 4495.19 104.12 2.05 3236.06 0.6478442 | 1.45E-02
Total in Egypt (Kg) 112590.03 | 2607.99 | 51.25 81052.87 | 16.23 0.36

The highest hazardous material is the lead followed by PBDE (POP) used as BRF flame retardant as
shown from the next Figure. The lead exists in most of the LCD fractions, as for the PBDE, it is the main
constituent of the BFR, which exists in most fractions as shown from the previous Table.
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Figure 13: Hazardous Materials Distribution in LCD

1. Waste LCD monitor

4. Power board 6. Plastics

Figure 14: LCD Monitor Constituents

115 CRT

The CRT production was ceased in 2012; however, a large stock of this equipment was found in the
Egyptian ports. In 2020, the UNDP project Medical and Electronic Waste Management Project man-
aged to export about 930 ton of screens of cathode ray tubes (CRT) accumulated in various Egyptian
ports due to illegal dumping of E-Waste in Egypt that is captured in the ports. The project supported
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re-exporting the 930 tons of CRTs (equivalent to 66,428 unit) from seven Egyptian ports namely (Alex-
andria, Dekheila, Damietta, Port Said, Suez, Safaga and Aswan) to registered waste management facil-
ities as per EU Directives in Greece to be recycled through a Best Environmental Practices (BEP) and
Best Available Technologies (BAT) for E-waste management. However, an amount of 10,415,142 CRTs
is still stocked in Egypt (As per the data obtained from CAPMAS).

11.5.1 Assessment of Hazardous Material in CRT

Table 16: Hazardous Materials in CRT
CRT Panel Display Quantities of Hazard Materials per Unit (mg/unit)
Fraction Lead Mercury | Cadmium | PBDE PBDD/F | PCDD/F
Funnel glass 382551 0 0 0 0 0
Panel glass 100680 0 7.58 0 0 0
CRT neck 18816 0 0 0 0 0
Plastic housing 233.68 71.12 162.56 30.89 6.18E-03 | 2.03E-02
Dismantled printed wired board 142.46 3.35 0.00 502.80 0.10 1.09E-02
Total 502423.14 74.47 170.14 533.69 0.11 0.03
Total in Egypt (Kg) 5232808.35 | 775.64 | 1772.08 | 5558.42 | 1.11 0.33

As shown from the next Figure, the CRT includes a variety of hazardous materials such as lead cadmium
and POP. As shown from the above Table, the Lead exists in all fractions.

CRT Panel Display

Cadmium
0%

Figure 15: Hazardous Materials Distribution in LCD

PCDD/F
0%
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@CRT composition (Gregory et al., 2007) @power board

Figure 16: Components of a cathode ray tube monitor

11.5.2 Current Practices for Fluorescent Lamp Sound Management and Safe Disposal
in Egypt

Lamps Processing

Fluorescent lamps are processed in special unit in Alexandria; EI-Nasrya Landfill since 2011. The next
Figure shows the fluorescent lamp unit at El-Nasrya landfill with an operation rate of 750 kg/hr. The
main purpose of this activity is to prevent mercury emissions during the recovery of materials from
fluorescent lamps processing. This includes the recovery of: Aluminum — Copper - Crushed glass —
Tungsten — Mercury.

B

Figure 17: Florecent Lamps Processng Facilty at Nasreya Hazardous Waste Landfill

40



The technology used is Korean and applied in Egypt as follows:

1.

Packaging: Fluorescent lamps are packed in a specific box with certain specification to be pro-
cessed.

Crushing and Separation: Traditional Fluorescent lamps are crushed to separate metal caps
from lamp tube glass while other types of fluorescent lamps should have metal caps removal
at the recycler and sent to the crusher directly in EI-Nasrya landfill.

Metal caps are sorted to get aluminum, copper and etc.

Crushed glass is fed into air blowing stage for cleaning.

Air Blowing (Dry Process): Fluorescent powder is separated from glass by air blowing to get
clean glass that can be recycled.

Mercury vapors contained in the fluorescent powder are collected from all process stages to
be fed into a dust collector filter, then the mercury vapor is adsorbed by activated carbon filter.
The crushed glass containing mercury and the carbon which is saturated with mercury are
landfilled in a special cell in EI-Nasrya hazardous waste landfill.

The following pictures show the output of the process.

Figure 18: Crushed Metal CAPS

Figure 19: Crushed Glass

Land Filling
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12

The residual waste is landfilled in EI-Nasrya Landfill, which is currently the only secured hazardous
waste landfill site in Egypt. Itis located in Qetaa Maryout, Qesm Al Amereyah, Alexandria Governorate.
It started operation in June 2005. It receives the hazardous fraction resulted from E-waste to be dis-
posed in a special cell constructed for this purpose. ElI-Nasrya Landfill consists of 10 main units:

o Weighting unit

e Old cell with an area 37 feddan (100 X 140 X 4 m)

e Evaporation ponds

o New cell under construction (100 x 150 x 5.25 m)

e  Fluorescent lamp unit

e Physiochemical treatment unit

e Solidification unit

e  Crushing Unit (a new crushing unit will arrive soon)

e Combustion unit (another 2 combustion units will arrive soon)

The following Figures show the structured cell in Nassereya Hazardous waste landfill.

Figure 20: Burrying Cells

Prioritization of Problematic Fractions

The first objective of this assighment was to conduct an assessment of the problematic fractions in a
series of electronic equipment such as PCBs, batteries, hazardous parts containing BFR, etc. This as-
sessment included also prioritization of the problematic fractions. The assessment is be based on the
fraction hazard mainly the hazardous material type and quantity.

The following Table shows the classification of Problematic fraction in equipment.
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Table 17: Problematic Fraction in Each Equipment
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Prioritization of Hazardous Material in Equip-
ment (WEEE)

The following Table summarize the results that show the total amount of hazardous materials con-
tained in each equipment. It is shown from the next Table that lead constitutes the highest amount of
hazardous materials in equipment such as CRT, LCD, Laptop and Desktop respectively present mainly
in batteries and leaded glass; followed by PBDE material in equipment such as Desktop, LCD, Laptop
and CRT respectively that mainly exist in plastics. It is worth noting that the CRT includes also certain
amount of cadmium that increase its level of hazard.

Table 18: Expected Amounts of Hazardous Materials Generated from WEEE 2022 in Egypt

Expected Amounts of Hazardous Materials Generated from WEEE 2022

Unit Mobile Desktop Laptop LCD CRT
Lead KG 495.4 14256.4 18634.3 112590.0 5232808.3
Mercury KG 0.6 67.5 1442.9 2608.0 775.6
Cadmium KG 5.1 5.3 18.8 51.2 1772.1
PBDE KG 0.002 82788.4 6272.8 81052.9 5558.4
PBDD/F KG 0.0 16.6 13 16.2 1.1
PCDD/F KG 0.0 0.7 0.4 0.4 0.3

Calculation Procedure:

The calculation will be understood from the attached Excel Sheet, but we can summarize the
calculation steps in the following:

Identify the concentrations of haz. Materials from literature

Identify the weight of each fraction

Multiply the previous two values to get the hazardous content in mg per each fraction

Sum the hazardous content from all fraction to get the hazardous content in mg per unit for
each hazardous element

Multiply the output of last point in the expected amounts in units of each equipment (in Egypt)
to get the total amount of expected hazardous material.

The following graph shows classification of equipment following their hazardous fraction contents
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Figure 21: Distribution of Hazardous Materials in Equipment

Table 19: Prioritization of Equipment Regarding the Hazardous Material Contents

Equipment Classification Fol-
lowing its Hazardous Material
Content

Hazardous

Content

Material[Remarks

CRT Panel Display

Lead
Cadmium
Mercury
PCDD (UPOP)

However discontinued production: it is
still stocked in the market as waste
(147,000 ton).

Contain high level of Hazardous materials

PBDD (UPOP)
PCDD (UPOP)

Desktop e PBDE Around 350,000 ton Stocked in the market
e PBDD (UPOP) as waste
e PCDD (UPOP)

LCD e Mercury Around 117,000 ton stocked in the market
e PBDE as waste
e PBDD (UPOP)
e PCDD (UPOP)

Laptop e Mercury Around 99,000 ton stocked in the market
e PBDE as waste

UPS — Un-interruptible Power
Supply

Lead

No information is available in the market
despite of its hazardous contents.

In reference to the above Table, the equipment are arranged following their hazard, i.e the most haz-
ardous id the CRT followed by the Desktop, LCD, Laptop and UPS respectively.
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15 Annex 1: CAPMAS DATA
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The most important imports according to the Usage Degree During

December and (January/ December ) 2021 compared to 2020

CON.Table No.5 Value in 000 $
Al ik January/December — sawss/ s
Commodities Amount of
Change 2020 2021

3- Durable Cosumer Commodities . which includes : 1605448 6271300 7876748
Refrigerators and Freezers 66356 142843 209199
Washing Machines 17429 43800 61229
Magnatic Tapes And Discs 1127 10319 11446
Televisions and Antennas 574633 323405 898038
Motor Vehicles 808661 2766279 3574940
Furniture, Seats and Mattres -8873 145388 136515
Telephone Sets -134944 1754502 1619558

Jadl Cilana 15 Cilanall 5 ChSA g Auidnall daiiall
PN fid: do o5
2019/ 2018 == 2018 | 2017 == ;
3&, Al

CER [ -~ S

3677 000 27570 000 000 L2y gl s a0 Al e i e

5104 000 13104 000 000 Lal il

000 000 71057 000 000 o
77000 12 000 000 o
28543 48899 7357 8104 = e 5 a8 A3 A S S ek
149 000 000 000 000 GAS aall 120
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20191 2018 == 2018 | 2017 #== )
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16 Annex 2: DATA Obtained from WMRA

'N%

()WMRA

Badlinal) dailily
e
el glsll o ala ,lf Sy lay g5 uls) Jlaa B dlalal) Gl Al /ailaalt

gwtww;gﬁ“ tmuagsﬂ,@mlyﬁmung
el gilf ity [ Bades 4S80 gl .
= s\l 4y ) yan @ik YA | Gl i Cupa 4
"¢ “ 2k g g5 Za e
550« Gl g s Aoliual dilatal iay unisandl &
oliall Aihid - glaa;y a Saall | iy gs eyl faniall 45,30 | v |
A4 wala
A,GLi.ua.Sl;Likidl- (H) o8 dakidl) Gl oy 08 2948 Baaial) 4S y
I)\d‘-lJSJAI@.LG‘”‘ SV AVA) G sAsl rAbas) giladl) &ilaty
g Ay (gl e
gnu:aniihi.n.(v.n)_@&km iy lay y g8 cloliall il ds s | ¢
Gt} 4isa Slea - daglud) eka i 4 gl
Y] s =V b daill [l jly 08 S spagian [0
—A,GMMI—QUMIyﬁ waba i uaba ) auieaty

@Jﬂim-i&ml‘}s)ﬁ

de g = 4 sl Lol Aidialy by oy 4085 b ladll Saatall dS A | ¥

al}«ﬂimﬁ‘@f&ﬂﬁ— wala i COLS il g iy gl

5% 4£ ) 4

: Asa ganll

id s -dej ,Laq.l.mn Aihid) 285 84| 20 sagll AL v
Ay gl ddila, Gl ) aly o

A1_4.\:r:*.ni._nmni.i1_=s.n.r/rz sSiglil bk |l lasll go L d,E | A
ey g pailall Lgsan Al Juadg i gls

L

8olal) it g o) galt i..m'u B ple e

MJ\IL‘-“IA'L‘

it 2
ldls SJMI/HEZJL‘.ﬁ i ‘ ﬁ_‘l’
et (W //,’J \\ Sy ; B ¢

ol Gk [a ‘.\A \‘

%

60



PSR
e

orpr.mos

(JWMRA

A S 5 Ay g ISIVI Calalaall 63 Bale) Jlae (o8 Alabad) dpans ) S AN /aibiaall 3acinall dailil)

Ao liall Zpaiill dalal) Ained) o (and 155 400 48 o e Alalall
Sl g} Ol giad) LLadl) g ¢ FEgRATI
Aahid) - 19 dakdl) oy Y A ay) i) ygas | 2ol 985 JU gl 1) AS 1
CAYYAYVVEVA o padbed) - dalad) e lival) Al el g csnlTG
5 3uad) agis)
CAedVAYYY Y VoA Lahia o dlgly W Aakd | A aCly) IS e 288 O AS
5 alal) - ) sl - gila Lgia Calaal) (el g a9l E.ALS“J
ey
CAYYVYROAYY ddhiall - (10) ad) Aakil) JERFEONTIAG PRI T H PPN
Vo Aua - AW Aeliall A sy Al gl g A g S
BuAlEl Aliblaa - gila 3l (ol al) Asi'sa)
dclially
BEREALYEEY Aahia) - (90) ad, dakidll A g S Clilial) 903 [ HE RPN
I C RN Gl ddhis - Acliall (52 Jus) Aig sy
£ 94) § puall Cilelival)
558 e bl - (el
Y YYAVAYY &axa - (V+) a2 Aakadl) Sasaill g LAl alles Clilial) 494 phuan
Akl - 5 ieall clelial) A ty) clitaall (1S JSsaas ) &g Sy
- deliall ddhialy oy ) shall
bl Aaa
Y OYYFEST VAL — el (h g (V) dakid Clilaal) 9059 paan (ks G2) A,
H5SH Ga Gtk Al gl g A g Sy
AT EAYY laa — VAV a8 ) dakil) TIAI g gl Bale) 2945 BAeY A puaal) A8 AL
Adhaial) aaie) — QL) Gl (pa duwdil) palaall A sy clilial
1 Aae — dcaludl Aelial) Ay sy EERC
sl
— shll i Aeliall ddhial) | OS] clilia ;g8 sals) Jadal 4 paal) A5 A
Yotviy. .y salal - o sla COLLS 5 Al gl (Bl iad) ¢ataall
cNedYgovaLy @ AL g @l gty
&iaiy paladl) gual
caladl) G Sl
BRI o m;,n(\ﬂn\)ei‘)i.\aji iy ity 58 _,..i.u;bw..ais,&
T TR sl cle gpdall ol | Ay ASY) i) B adl claslee
" O = laally paal) £ LA | alall gaa g A 4l
' | \\}:f;g ALY
| _Erel,

//;44‘»"

C. L\,\C/gv

{e )

61



(JWMRA

| eanl ey,
S

{

“o, o
“orprame

&
o

3,
s,

sl Ales oo gl

Lol il LIy
T TN Alaay (Yoo o) ad, Baagll [ HER TIPS X Y glall oy siuas) AS H Ve
— A gl sl e g pdiall 0l | Ay gShy Ay i) Syl
_O#’J\-.MJA,\.\AJ\&JM um‘&huctﬁb
L5_alall
CAYYIF Y RYY Adhia— (0Y/£01) ad, dakaill H94d9 ciilaty 8 Al Cuay ;48 AR
Agali — deliall A8l Claw gs FIRPR R EW]
mhn—uu'yd\c._didh& oaladll gy Al <l
(i gl }Jﬁ\a‘wo‘@uﬁ
cﬂ.ﬂ._nu‘,éls‘,..nmcl:u\‘l
As gila ulad
Y aYrLYrYrY dakill — )28 (Vo) JI dikaia Gl 945 Bale) S ) Al \Y
deliall dihid) — (1Y) o, A gl g i )
ERRE AT VR) s . Lo 31
O utbad) At — (B g ey | Al Galaall ) A0
35#‘%—*,3‘
e es0000.AE Aahial) — (000) a8, dakd Gl 945 Bals) 5.9 Claw ) A8 4 \ Y
— bl (3l — Aelial) A 4 g i g Sy
asish 1 AdLaa Adill el 71 A%
Ve TEFEA Ly — (AA) pd Zaka) Chiaig ity Jdy pay | JShew) el A | Y ¢
Adhial) — Ak gll sas gl A g iy il 989
shsll — (g, o —Asliall | i gall 4 6080 Aalaall
4,080 paa Bk (Y1) Al ataall 71 a0 9
5 juad) Alailaa — (g g jauall A VEN
7 3 kil Clilial) g 3) gall dalal) 3 10Y) ale jida
A m—"0 L
“ 2t "»\\ Sl el.‘.“ /&
[ 7 o e
LA B 3) a7 Sl AT | i ) P :
- c&o
) @ /s =

c el Melev //IAJ

i
<

YOYVAYYY Ao a

62



17 Annex 3: WMRA Rules for WEEE auctions
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