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Definitions

Akaki Center the DMF and the CRTC located in Akaki

Buyer processobuying ewaste,components anftactions thereof like metal
scraps, printed wiring boardsd plastics, excluding brokers and traders

Category of (U)EEE electrical and electronic equipment grouped according to overall
functions or uses, e.g. cooling and freezing equipment, consumer
equipment, information and telecommunication equipment, etc.

Disposat Any operation with does not intend the recycling or incineration with
energy recovergf materials from avaste or fractions thereof

End of life life cycle phase of electrical and electronic equipn@ntomponents
thereof once it has becomewvasteuntil its reuse, recycling or disposal

End-processing also final processing; recycling of metals, plastics and other materials
from ewaste, components and fractiotigereof, or the disposal of
componentsfractions and materiathat cannot be reused recycled

End-processor operatorconductingendprocessing, e.g. iron and copper smelters,
plastics recyclers,or the disposal ofcomponents,fractions and
materialshat cannot be reused or recycled

E-waste electrical and electronic equipment which the owner has to or intends
to dispose of

Final processing cf. endprocessing

International in the context of this reporelating to countries beyond Ethiopia and

its vicinity, e.g. international markets for PWR. in Europe, Northern
America, Japan

Local in the context of this report relating Ethiopia e.g. local markets for
scrap metals

Operator person, company or organization in the -@idife chain (collection,
storage, transport, treatment, disposalgepting and processing e
waste, materials or fractions thereof

! European Directive 2008/98/EC of the European Parliament and of the Council of 19 November 2008 on waste
(Waste Framework Directive), retrieved from http://eur -lex.europaeu/legat
content/EN/TXT/?uri=CELEX:32008L0@@8essed 19 May 2014; modified
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Preprocessing also pretreatmentany treatment preparing thecyclingor disposal of
materials from avaste, parts or fractions thereefg. by dismantling,
removal of hazardous componeatsd substances

Preprocessor entity pretreating ewaste via manual dismantling or mechanjoad
processinge.g. the DMF

Recycling any operation by which waste materials are reprocessed into materials
or substancesitherfor the original or other purpes

Regional relatedtcEt hi opi a6 sKenwaanddganday , e . g.

Smelter if not specified otherwise, e.g. as iron or aluminum smeitethis

document used for primary and secondary coppeisenitar smelters
smelting and refining copper and preciougtats containing nen
ferrous metal fractions others than iron and aluminum frevaste
dismantling and mechanicate-processing

Sorting compilation of ewaste or used electrical and electronic equipment
based on specd criteria, e.g. type of electricand electronic
equipment, content of hazardous materials, content of precious metals,
required specifipre-processingetc.

Target metals metals, e.g. in PWB, for which efmtocessors copper smelters pay, i.e.
copper and precious metals like gold, sijymlladium

Target plastics plastics, e.g. from-wvaste, for which plastics recycler pay, i.e. ABS,
(HHPS,PC,PE and PP without brominated flame retardants

tonne 1,000 kg (metric ton)

Treatment any pre and engprocessing operationg.g. disassembly, removal of

hazardous substances and valuable components for recycling,
shredding and subsequent mechanical separagopcling of metals

and plastics in smelters and plastic recycling plamsjuding
(preparation for) disposal onndfills or incinerationgtc.

Type of (U)EEE (used) electrical and electronic devices under the various categories,
e.g. refrigerator, freezer, air condition under the category of cooling and
freezing equipment

Used EEE electrical and electronic equipmehfat is not new but has been used
regardless of its functional status

2 European Directive 2008/98/EC of the European Parliament and of the Council of 19 November 2008 on waste
(Waste Framework Directive), retrieved from http://eur -lex.europa.eu/legal
content/EN/TXT/?uri=CELEX:32008L0@@8essed 19 May 2014; modified

8



http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008L0098
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008L0098

1 Executive Summary

The Government of the Feder@emocraticRepublic of Ethiopia and UNIDO with funding from

the Gl obal Environment al F avastel Managemé¢(P@®fedt )n hav e
Et hi opi ao ( EWAMIROLE. {THe projgrt aiaty establish an-waste management

system that prevents the risks for public health and the environment and losses of valuable and
scarce resources resulting from poor managemeniohighly complex type of wasté& main
objectiveof the projects to upscat the GovernmeniownedElectronics Demanufacturing Facility

(DMF) in Akaki close to Addis Ababa.

The DMF has been collectirgnd dismantling mainlyT and accessories, communicatiand
consumer equipmefom FederdGovernmenbffices and international organizations in Ethiopia.
The DMF produces and stockpiles materials from its dismantling operations, which need to be
sold to local regional or international marketsUNIDO commssioned this study to analyze
national and international downstream markets for the above fradiolnsk the DMF to these
downstream marketsnd to align the quality of the fractions and the business conditions to the
market requirements.

Steelin paticular, but alsocopper and aluminum have market&thiopia Identified buyers were
screened whether they are registerethapayerdo ensure they work in the formal sector. The
formal sector companies and organizations were interviewed to learhthboguality criteria

they apply tgourchasematerials, prices they are willing to pay for the various qualities, and their
business conditions, in particular whether they are ready to buy under the specific rules applying
to a public sector organizatidike the DMF.

For the steel fraction, ten companies and organizatioBshiopiawould be ready to pay around

7to 11 Birr/kg (0.26 to 0.41 Euro). Only four potential buyers coulddleatified for aluminum,

and threefor copper.Only one of them prossesthe scrapaluminumto aluminum Smaller
amounts can be sold on the local market to workshops, @it oithe aluminum and copper is

sold for processing outside Ethiopia. The prices ploéential buyers aravilling to pay range
between 1%and 20 Birr/kg (0.56 to 0.75 Euro) for the aluminum scrap, and around 40 Birr/kg
(1.5 Euro) for copper. All prices are, however, subject to a quality inspection by the scrap metal
buyers prior to purchase and to changingatnmarket conditions both locally and internationally.
The high share of manual labor enables the DMF to produce fractions that are much purer than
those generated in mechaniped-processingf e-waste It can therefore be assumed that the DMF
metal fractions are of good quality arathieve good prices.

In parallel to the work in this task force, the Government has been developing nestipulesing
thatpublic entities have to sell their metal scraps via the Public Procurement and Property Disposal
Service (PPPDS), which operates under the Ministry of Finance and Economic Development
(MoFED). The PPPDS sets the prices and selbetbuyers ofmetal scraps on the Ethiopian
market.

Printed wiring board¢$PWB) as well aghe plastic fractionproducedandstored at the DMF do

not have adequate markedithelin Ethiopiaor in the regionThey will be sold on the international
market.The PPPDS is not involved in these sales so that the DMF will have to select the buyers
following the applicable Ethiopreand international regulations.
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Potentialprocessor®f PWB1 pre- as well as engbrocessors are located in Europe, Northern

America and Japan. Theéyy PWB and other materiad$fering two principle business conditions.

The fixed price model is basexh a price which is contractually agreed before the material is
delivered. The price assessment can be based on photos of the material topbevated the

PWB are sorted in qualiti esTheravenoesvillbetragpsfered t he b

within days after the materi al has been del.i
transaction mostly do not apply. The other possibility is the andbgsied model, where the
materi al to be sold i s analngentatidn o precibus metalsu y er 0

and copper, whereupon the price is calculagskd on contents PM and coppeand taking into
account the treatment cost

PWB and other endf-life materials are categorized into high, medium and low grades based on
theirgold contentLike for stee] copper and aluminum fractions, the manual dismantling enables
purePWB fractions as the DM&an remove and saatl PWB from the evaste deviceBased on

the principle how smelters calculate the cost and revenues of PWBssgig, the DMF
dismantling process can be further optimizémh grade PWB can be treated directly in smelters
and should not be mixed with lower grade PWBs-oeessing of lower grade PWdhould
targetremoving larger aluminum and iron parts in orteincrease the precious medald copper
concentrations and with this the revenues from the treatment in the srReitdow and in
particular very low grade PWB, the DMF should consider a further mechanieptquessing
step.Selling smaller amounts of PWB is not advisable due to disproportionately high transport
cost, and asprocessors of PWBnay not accept lot sizes below certain minimum amounts.
Depending on the individual buyer and the material, the minimum lot sizes &irmaderials
range aroundive tonnes

The plastics fraction stored at the DMF consists of several types of piashucting plastics with
brominated flame retardantgnlike plastics fractions from mechanicahaste treatmenthe

DMF plastics fraction is not contaminated with neplastics materials due to the manual
dismantling procesdt is therefore ofgood quality for recycling. Such a plastics fraction from
manual ewaste dismantling can be sold for around BEM®® per tonne for 22 of plasticsincl.
transport from Djibouti to the plastics recycler in afd€ontainer. The DMF will need respective
equipment to shredder or compress the plastics garistinciple, the quality of the plastics
fraction can be further improved by various sortipgians. The overall technical, economic and
ecologic feasibility of such optimizations could be tested once the new X@dstergy
incineration plant at the Reppie landfill site is operational and can process plastics with brominated
flame retardants. Fahe time being, the DMF should sell its plastics without further sorting. Using
the plastics as a substitute for fossil fuels in cement kilns is not an option as no cement kilns could
be identified thatcan process plastics with brominated flame retasdaeliably preventing
emissions of dioxins and furans.

The Ethiopian Government should urgently clarify the legal status of the DMF and the CRTC as
the legal organization is crucial for the cash flow and for the motivation to become more effective
and effcient.] n t h e a u titiscnuckalithatathe DMF rezaives feedback from the markets

3 Plastics prices are highly volatile so that this price only applied at the time when this vegontritten.
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on the quality of its fractions to spur the optimization of the out@gtions. Theevenues from

the sales of the DMF fractiorshould betransferred taa DMF bankaccount. Otherwise, if the
revenuego, for example, to a central government account, there is little incentive for the DMF to
increase the capacity, efficiency and quality of its operations. In the medium and long run, a more
commercial and marketientedlegal form, e.g. aprivate or (sem) private companymight be

an alternativdéor the DMFto achieve an effective and efficieantd markebrientedtreatment of
e-wastein Ethiopia The Federal Government and the regional and local governmiénieatd

have the important role to sstd enforcelear rules and standar@nd to exert sufficient control

to ensure the environmefrtendly and safe treatment of thevaste at the DMF and future other
e-waste preprocessorin the Ethiopian market.

2 Background

UNIDO and the Federal Democratic Republic of Ethiopia with financial support from the Global
Environmental Facility (GEF) have launched thev&ste Management Project in Ethiopia
(EwWaMP) to promote and upscale the management-whdte in Etiopia. The project was
initiated and prepared by StEP with financial and organizational support from the US
Environmental Protection Agency. EWaMP will assist the Ethiopian Government to establish a
national Ewaste strategy including-waste regulationzollection and treatment, a sustainable
financing mechanism, capacity building and awareness raising, and a regional cooperation to
create synergies and share best practices.

2.1 Objectives and Approach

UNIDO commissionedhis downstream market studythin the Ethiopian Evaste Management
Project (EwaMP Ethiopia). The main objecs\wd the studyare:

1 Identify environmentally and socially sourgbtentiallocal, regional and international
buyersfor those DMF dismantling fractions that are produced in highantities, i.e. steel,
aluminum, copper, and printed wiring boards (PWB) and plastics.

1 Analyze the purchasing conditions and business models of potential buyers and their
branches and elaborate recommendations how the DMF can optimize its dismantling and
sales procedures for the market requiremémésebyenabling effective and efficient
material sales at best prices

1 Investigate the administrative procedures the DMF as a goverrowaed entity has to
follow when selling dismantling fractions to local, regional and international markets.

1 Give recommendations concerning the legal status agednization of the DMF to
incentivize effective and efficient treatment efvaste in Ethiopia.

11



As a first step, the quantities and qualibéslismanied fractionsproduced andtored at the DMF
were assessed close cooperation with the DMF managemeocal markets were given priority
over regional and internationahes.The informal sector dominates the scrap metalkgtan
Ethiopia. Neverthelesthe informal sectowas not taken into account in this study in detail as the
DMF as a governmentakganizatiorcannot selto the informal sector.

Potential buyers of steel, aluminum and copper saapke Ethiopian marketere identified by
checking national registers, internet sites, newspapers and other publicly available sources. Only
thosewere taken into consideration that are listed as tax payers in the national réigister
excluding informal processanBotential buyers without own processing capacities such as brokers
and traders of metal scraps were excluded to maintain the transpangheydownstream fate of

these materialshus preventing damages to the environment and health of workers as far as
possibleThep ot e nt i a&ileswérel wsied ® dnvestigatideir interest in the dismantling
fractions, and to learn about their bwese practices, quality criterieapvironmental performance

and the prices they are willing to pay.

In parallel to the work in this task force, the Government has been developing new rules stipulating
that public entities have to sell their metal scrapgive Public Procurement and Property Disposal
Service (PPPDS), which operates under the Ministry of Finance and Economic Development
(MoFED). The PPPDS sets the prices and selects the buyers of metal scraps on the Ethiopian
market. The steel, aluminum andopper scraps from-waste dismantling at the DMF will
therefore be sold via the PPPDS.

Printed wiring boards (PWB) as well as the plastic fractions produced and stored at the DMF do
not have adequate markets either in Ethiopia or in the region. They will be sold on the international
market. The PPPDS is not involved in these sales so &N+ will have to select the buyers

and export the materiafsllowing the applicable Ethiopian and international regulatidrse
authors identified potential buyers based on their expertise and contacts, and through internet
search Their business praces were investigatednd analyzed via personal interviewanail
communication and internet investigatiof® exclude buyers with environmentally unsound
practicesand adverse business conduasly renownedprocessors of PWB and plastie®re

taken nto accounfrom whichthe authors know or reasonably can asstivaethey apply sound
practices due to their location in countries with strict and consequently enforced environmental
regulations in plac®. Traders and brokers of PWB and plastics westeincludedto maintain
maximum transparency about the downstream fate of the PWB and plastics.

41 02999 SYRMLINREOS&aaAY3d alGl yRFENRE FAYIEAT SR Ay uamn Yl &
requested from the European Electronics Recyclers Association (EERAjaiidss@eerarecyclers.complease
indicate your name and company

5 For (mechanicalpre-processing, standardsay give additional guidance, examples begngtewards(http:/e -
stewards.org), WEEELABEMt://www.weeelabex.org) andR2(http://www.sustainableelectronics.org/

12
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2.2 The Electronics Demanufacturing Facility

In 2006 the Ethiopian Government establishiéd Computer Refurbishment and Training Center
(CRTO) in Akaki close to Aldis Ababa with a loan frotme World Bankin the course of a project
boosting thdCT capacity in the country. The centefurbishesseconchandequipment mostly
information and communication technolod@T) like computers and deployisemto educatioal
institutions health offices and community recipients at a minimal price. Thus, the CRTC provides

a sustainable, integrated approach to meet the technology, training and capacity building needs of
Ethiopia.

In conjunction with the CRTChe Electronicdemanufacturing Facility (DMF) was established
in 2009at the same location in Akaki thsmantledonated ICTequipmentthat cannb be
refurbished and/ohasbecome obsoletd he International Business Leaddfsrum (BLF), an
NGO, managed the establishment of both the CRTC and the @Mfehalf of the then Ethiopian
ICT Development Agency, which is now Ministry of Communication and Information
Technology(MCIT).The MCIT is a key implementing partner in the EWAMIMdpia project. It
provides inkind support for the further development of the DMF. A new buildorghe DMF
increasing its working capacities shiad finished by the end of 2014.

2.2.1 E-waste Supplies and Operations

Apart from a draft regulation on Management and Dispos#&lexdtrical and Electronic Wastes
prepared by the Ministry of Environment and Forestry (MEF), Ethiopia has no specifiste
legislation in placeeven though this legislation is under watgfusOctober2014).The Ministry

of Finance and Economic Developnt MoFED) hence plays a vital role in making the Akaki
DMF operational. To secure the supplies of used electrical and electronic equipment (EEE)
the DMF, MoFED issueda letter to all federal ministries in 2012 to hand over storeebéiite
electranic equipment to MIT for refurbishment or dismantling at tiddaki Center CRTC and
DMF). However, there is no executive order or proclamation requiring all government
organizations and offices to disposeitiedectronic waste to the DMF, and the MoFERér does

not include governmental and administrative levels below the federal level such as provincial and
municipal offices.

The DMF currently receives equipment frofederal governmentnongovernmental and
internationalorganizationsComputersand acessoriedorm the highest share in the incoming
UEEE Tablel gives an overview on the types of UEEE arriving at the Akaki Ceamee its
establishmentAmoredeat i | ed | i st based on the DMFG&s own
in Annex lon pages2.
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Table 1: Main used electrical and electronic equipment coming to the Akaki Centér

IT and Accessory Communication, Consumer and other Waste
Equipment EEE
CRT Monitors CRT- and flat panel TVs
LCD Monitors Telephoneapparatus
Printess Speakers
Keyboard Photo copiers
Mouse Type writers
Plotters Refrigerators
Scanners Electrical stoves
Air conditioners

Currently, the DMF only accepts obsolete computers and their accessories due to a lack of storage
capacity.Figureoutlines the refurbishment and dismantling operations at the Akaki Center.

Refurbishment

Arrival of

Equipment

Fractions from
Dismantling
Stored on Site

Dismantling
at DMF

Figure 1: Overview of the Akaki Center operations

6 Based on information received from the DMF; the list comprises the main used electrical and éteetpgipment
(UEEE) delivered to the Akaki Center, but is not complete, as some used electrical and electronic equipment could
not be clearly identified and described
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Once the UEEE arrives in Akaki, as a first step the CRTC conducts a functionality check of the IT
and accessory equipmeithe CRTC refurbishesifctional equipment including the installation

of licensed software, ansells itto public eduational, health and rural extension services at
affordableprices Non-functional IT and nofT equipment goes to the DMF for dismantling.

Technicians dismantle theveaste manually with mechanical tools. The dismantling fractions are
mainly steel, aluminmn, copper, printed wiring boards (PWB) apldstics. Theséractions are
weighed and separately sorted for salg part of ICT equipment, cathode ray tubes (CRTSs) are
stored onsite, as the DMF does not have the technology to processothienhave it treated
regionaly or internationdl’. The same applies t@frigerators and aiconditioners They may
contain (hydro) chlorofluorocarbenH)CFC, a gas destroying the ozone layer and a strong
greenhouse gas, which the DMF is not equipped tolaamén environmentally sound way.

2.2.2 Main Fractions Produced and Stored at the DMF

Table2 showsthe maintypesof fractions generated at the DM&nd theiramounts ®red at the
DMF in April 2014 Annex Il on page2 gives amoredetailed overview

Table 2: Quantities of main fractions stored at the DMF

Steel . Printed Wiring .
Scrap Aluminum | Copper Boards Plastics
Amounts Around| Around |Around0.32
Stored aj ' Around 1.8t Around 8.3t
26t 0.45t t
DMF
Mlz:(OOf %urre Mixture of low, Mix of larger parts
: Pure Pure PP medium and high | of different plastic
Visual | lumi parts and d lity- h
Quality steel | aluminum otherse.g grade quality; no | types wit _out non
scrap scrap = | removal of largesteel plastics
cables with . e
nsulation and aluminum parts| contaminations

Source: DME, status March 20L4metal fractionsare sold meanwhile on local markets

Steel, aluminum and copper can be soldEihiopia. ForPWB and plasticswrently there are
neither locahor internationaimarkets

7 Status October 2014
8 Information sent via anail by Dereje Masresha, Manager of the BMo Otmar Deubzer, UNU, on 1 April 2014
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2.3 Specific Business Conditions Applying to the DMF

The DMF as a public, governmeoivned entity has to follow public procurement rules when
selling material®on national or international markeifferent rules apply for the sales of scrap
metals on the local markets and exports of hazardous but valuable materials like PWB and plastics.

2.3.1 Legal and Administrative Procedures for Metal Saleson the Ethiopian Market

One of the objectives of this study was to clarify the procedures the DMF has to follow for sales
of scrap metals, i.e. steel, aluminumdacopper on the local market, and to idgnpotential
buyers.In parallel to theeinvestigationsMoFED has prepared and issued a circular in February
2014.1t was understood that the document, among other issues, calls upon

1 the development of more efficient nationwide stipulations for tHeatan of metal scraps
from public organizations;

1 setting the prices based on the qualities and quantities of the metal scraps in the context of
local and international market prices;

1 setting up rules for the efficient sales of the scrap metals takm@asbunt, among other
issues, the various aspects that can influence the transaction cost like e.g. transportation.

A committee including the Metals and Engineering CooperatiorET®C), the Public
Procurement and Property Disposal Servie®RDS, and tle Metal Industry Development
Institute (MIDI) aredevelopng these rules. In the meantime, until the stipulations are finalized
and enacted, the circular requests all governmental organizations including the B¥dért@and
hand ovetheirmetal scraps to tiePPDSwhich will then sell ito public and private companies.
Figure2 illustratesthe sales procedure.

/Transfer of Metal Fractior\

CRTC/DM RGzEas PPPDS = Buyer

\ Transfer of Payment /

Figure 2: Sales procedure and cash flow for the DMF metal scraps
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The DMFinforms the PPPDS once there are sufficient quantities of metal scraps that can be sold.
The PPPDS will then select buyers for these fractions, which are ready to buy for the prices set by
the PPPDS. The buyers will then pick up the fraction at the DMF and transport it to a METEC
compound in Debre Zeit city, around 40 km from the DMF, for weighing, and from there to their
own compounds. Alternatively, the DMF organizes and pays the logistitss depending on the
contractual agreement between the PPPDS and the buyers.

If a public entity like the DMF is listed MoFED as a budgetary institutidnan institution that
is allocated its own budget in the public financial planrirthe revenues &im the metal scrap
sales will be transferred to the central treasury at MoFED -bNigetaryinstitutions that are
public enterprisewiill receive the sales revenues for their own pertiBia¢ actual legal status of
the DMF remains uncleabutthe DMF hasts own bank accoungnd it was understood thidie
revenues from the metal scrap sales will be transféoréids account®

UNIDO and the authors of this studsere not informed about the governmental efforts to regulate

t he DMFOs s al elssinpmatiort becaneesvailabéireMarch 2014, it was decided
to finalize thelocal downstream market studgverthelessThe outcomes and recommendations
might be useful for the new public procurement rules and for other organizations that are working
on ewaste related issues in Ethiopgad thenew rulesdo not apply to PWB and plastics as these
are not metals.

2.3.2 Legal and Administrative Requirements for Export of PWB and Plastics

The PWB and the plastics fraction are hazardous but valuable wiaspesper treatment may

result in considerable environmental and health damages, e.g. through generation of dioxins and
furans.The export of such wastes is a transboundary moveméithis relevanin the context

of theBasel Convention. Additionally, iparticular the combination of hazardousness and value

of the waste material, requires following specific Ethiopian rules for exports of such materials. So
far, such materials have never been exported from Ethiopia, and the procedures needed to be
clarified. Figure3reflects theprocedure likehe authors of this study understood it from interviews

with the involved ministries and public organizatitins

® Source: Mr. Tesfaye BerhanDeputy Director Generaht PPPDS: presentation at the Ehtiopianwdste
Management Working Group (EEEW0G) meeting on 12 June 2014, at the UNAIDS GiigimhdNECA compound,

old building conference room o2nd floor

10This was understood as the result of the discussion in the 12 June EEWo0G meeting between Mr. Berhane Keleta,
MCIT, and Mr. Tesfaye Berhanu, PPPDS

11 Status October 2014

17



1
DMF applies at MoT for export
permit, TIN certificate and VaT-no

3
DMF submits BC form to MEF to
apply for authorization and support
letter

1
DMAF informs MoFA and other
relevant minlstries

1
DRAF requests from MTSE 3
Harmonized System Code for export
materials, and declaration of export

and transport "

to MTSE

K i

M) rT.. (ibou t.l]

2
DMAF issues restricted tender, collects
proforma involce from successful

bidde

D¥MAF initiates
2
DMF applies for bank permit from
MEE

Figure 3: Administrative procedure for the export of PWB and plastics

Acronyms Legend

MEF Ministry of Environment and Fores Process steps with identical numbers linked with li
MoFA Ministry of Foreign Affairs can be executed in parallel.

MoT Ministry of Trade Steps connected with arrows have to be exec
MTSE Maritim & Transit Service Enterpris¢ sequentially in the order of the numbering, as

NBE National Bank of Htiopia successful finalization of the previous steps ispitee

condition for the next step.

In more details, the requirements for the various steps of the procedure are as follows:

1. The DMFapplies aMoT for an exportpermit, aTIN (taxpayer identification numbeand
aVAT number(value added tax)

In parallel, the DMF carsend a letter taequest aWorld Customs Organization
HarmonizedSystem ode for the exports of PWB and plastics from MTSE for the customs
proceduresas well as an export declaration of export and transploetEthiopian Revenue
and Customs Authority will support MTSE if required.

The DMF should also take initiatite getthe relevant stakeholders arard to facilitate
the process The DMF shouldentify relevant ihe ministries, e.g. MoFA, and other
stakeholdersand discuss wih them bilateraly, or possibly in a joint meeting with
representatives of all stakeholders

2. The DMF requests a permit from NBEhis isobligatory once foreign currencies are
involvedin business transactionin parallel, the DMF cafioat a restrictedender tathe
potential buyers of the PWB and the plastics, e.g. those identified in this study
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3. The DMF will need groforma invoicdrom the selected buyer.

4. The DMFapplies at MEF for an authorization letter allowing the DMF to expertvaste,
and a support letter to all the respective Basel Convention Secretariat focal
person/authorities along the proposed route of transportation. With the application, the
DMF has to submita wmpleted Basel ConventioNotification form*%for exporting
hazardous wastes.

5. The DMF submg al the forms and certificates obtained in the previous steps to MTSE,
plus apacking list and filled out shipping instruction fosguo that MTSE caffinalize the
declaration for export and transport of the containénegort of export (Djibouti).

As the Basel Convention as well as the export legislation and custom rules apply to public as well
as to norpublic companies and organizations, such entiigginciple shoulchave to follow the

same procedure for expsrof PWB and plasticOne difference is, however, that apablic
organizations have to apply fobasiness licensdat MoT in stepl and will then automatically

be issued a TIN and\AAT numbet

3 National Downstream Market for Steel Scrap in Ethiopia

Et hi opiads metal sector has gobewmuselfir ohghcoapt c
overall economic growth. Iparticularthe soaring construction sector has boosted the demand for

metal products.The demand for steeicrap haseen increasing over the last years to around
200,000t per annum according to the Ethiopian Association of Basic Metal and Engineering
Industries (EABMEI}*. Steel scrap therefore has a market in Ethiopia.

3.1 Identification of Potential Buyers for Steel Scrap

Currently(status March 201496legally registered and tax paying steel sector factories are listed
as membersf the two legally govenment registered associations, the Addis Ababa Chamber of
Commerce and Sectoral Associations(AACCSA3nd the Ethiopian Association of Basic Metal

12 Revised natification and movement documents the control of transboundary movement of hazardous
wastes and instructions for completing these documents, retrievable from
http://www.basel.int/Portals/4/Basel%20Convention/docs/techmatters/formstif-mov/vCOP8.doc; last
access 10 October 2014

13 Ministry of Tradehttp://www.mot.gov.et/businesslicenserenewal accessed 10 October 2014

14 Personal communication with M&olomon Mulugeta, EABMEIn 24February 2014

5 Addis Ababa Chamber of Commerce and Sectoral Associations(AACCSAgtrieved
fromhttp://addischamber.com/ accessed March 2014
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and Engineering Industries (EABME%) Most of them import senprocessed steel to produce
structural steelmachinery parts, water pipe products and furniture. Ten of the factories are
equipped with electrical arc or blast furnaeesl can therefongeroduce steel from steel scrap and
ores. They are hence the only potential buyers for the DMF steel scrap. tox¢eptAkaki Basic
Metals Industry’ and the Ethiopian Iron & Steel Factéfythe private sectoownsandoperate

all of the factories

Five of the ten factories are located in the vicinity of the DMF, in an average distance of six to ten
kilometers Habesha Steel Mills and Kotebe Metal Tools are located at a relatively fair distance of
25km from Akaki. Another two, Abyssinia Integrated Steel and Steely R.M.C are based in Debre
Zeit city at a distance of 46n from the DMF. Walia Steel Industrial isdated in Alem Gena city

80 km in the northeast of Addis Ababa. The distance from Akaki to Alem Gena via Addis Ababa

is about 10%m.

In interviews with the respective representatives of the ten factories, all of them expressed their
interest to buy stealcrap from the DMF. However, they have all requested to visit the DMF in
order to inspect and evaluate the fractions and to categorize them according to their quality criteria
described in sectioB.3.1on page2l.

3.2 Assessment of Potential * OUA OO O wil Oand$otidl Petfotndahce

According to the Ethiopiamvestment law and Environmental Pollution Control Proclamation
number 300/2002, alfactories are required to performan initial as well as periodical
environmental assessments. The Proctamaas started to take effect. It allofzancial fines

of 20000 to 100,000 Ethiopian Birr (ETB) amakctory closures and the responsible persons may

be sentenced to imprisonment between five and ten ¥&dise law further requires that
manufacturers install appropriate waste disposal mechanisms. Part Two ABatht@s thafi a n y

person engaged in a field of activity which is likely to cause pollution or any other environmental
hazard shall, when the Authority or the relevant regional environmental agency so decide, install

a sound technology that avoids or rees, to the required minimum, the generation of waste and,
when feasible, apply me#hods for the recyclin

The Government of Ethiopia has a strong restriction on purchases of scrap material from the power
or telecom sector. Due to high rates of theft and vandalism, the Government at times requires
factories to showfrom where they have sourced the scrap mdtefiaus, factories require
suppliers to recortheirpurchases. All the factoriégentifiedhave a clear policy of not purchasing

16 Ethiopian Association of Basic Metal and Engineering Industries (EABMEtjieved
fromhttp://www.eabmei.org/, accessed March 2014

17 The factory works under th#letals and Engineering @mration (METEG)which isowned bythe Ethiopian
Government

8 The Ethiopian Government owns half of this factory

19 Emvronmental Pollution Control Proclamation number 300/2002

20 Environmental Pollution Control Proclamation number 300/2002
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stolen goods from government agencies such as telecom, railroad or power plants. As observed
from statements written by oné the manufactures in their property, they have made it clear to
potential suppliers that providing items that look like from the power or telecom would conflict
with their policy. However, they have no mechanism of counter checking if the goods they
purchase from the dealers actuatly not originate from public infrastructure.

None of the ten steel factories has a certified environmental managementsysterocupational

health and safety certific&fe or follows any social labor standaféisAbyssinia htegrated Steel

has almost finalized the ISO 90@D08quality management certificatidnA differentiation of

the ten factories with respect to environmental, health and safety, and social performance is thus
impossible especiallyas thestudyteam was nallowed to conduct own onsite inspections and
interviews with workers.

3.3 Price and Business Conditions for Steel Scrap in the Ethiopian Market

3.3.1 Quality Criteria for Steel Scrap

Steel scrap prices are related to qualities. The quality criteria for steelveera investigated in
interviews with the scrap metal purchasing divisions of potential bueesguality categorization

is based on the sourcesafrap. Heavyveight thick scraps coming from machinery parts are first
grade achieving the highest pricdsrd grade scraps are light weight thin scraps from materials
like corrugatedsteelsheets, and the second scrap grade is relateddps irbetween these two
groups.The DMF steel fraction is estimated to be second grade steel scrap.

The price of thevarious steel scrap grades depends on additional, general quality requirements for
steel scrap, which afe

1 The steel content measured in termsveight percenof the total mass should be as high
as possible. It should therefore not be mixed with othetal® or organic substances

1 Any trace contaminations in the steel scrap, e.g. with copper, should be within the specified
levels

1 The characteristics of the material should be consistent. A constant quality over all
deliveries over time is favorable.

21 For example 1SO 14000 series Standard for Environmental Management

22 For example OSHAitps://www.osha.gov/lawregs.htm| accessed 30 March 2014

23 For example International Labor Organization (ILO) standdnttg;//www.ilo.org/global/standards/lang-
en/index.htny accessed 30 March 2014

2 1SO 9001:2008, Quality management  systems ¢  Requirements retrievable  from
http://www.iso.org/iso/catalogue_detail?csnumber=4648&ccesse@0March 2014

% Harxzo Metals & Minerals: Steel Scrap QualitieRetrieved from http://www.harsco-m.com/216/Scrap
Sources.aspX{modified); accessed 7 April 2014
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Taking into account all quality criteria, the quality of steel scrap first of all depends on the source.
Within the price range for this steel scrap quality, the above general quality criteria influence the
exact price paid for a specific steel scrap fraction

While compacting steel scraps is a good mean to reduce volume and transpoteeostyaps

should not be shreddebut be kept in larger piecels order tooptimize the steel output quality

in the steel smelters, the steel scrap input needstixiee according to various qualities. Workers

are trained to visually identify the various steel scrap qualities and mix the input accordingly.
Shredded steel scraps consist of small pieces of various qualities and can therefore not be sorted
in order to pepare optimum input fractiort8.

3.3.2 PotentialBuyer s " OOET AOO AT A O0OEAA #1 1T AEOQETT O

All potential buyers highlightethat theyprefer purchasing higher quantities of steel scrap than
the DMF currently can offer. Some of them like the Ethiopian Iron and B&stbry and Arati

Steel mentioned that they would like to do their own metallurgy tests and assessment prior to final
price estimateslable3 gives a overview on the price situation.

Table 3: Summary of price estimates by factories for steel scraps from DMF

Factory Price offered in Birr/ kg of Steel scrap
Abyssinia Integrated Steel 9-10
Akaki Basic Metals Industry 9
Arati Steel 9
Ethiopian Iron and Steel Factory 7-8
Radel Foundry 11
Steely R.M.C 9-10
Metals and Engineering Corporatfén 9
Public procurement and property dispo| 7-9
service®

Taking into consideration the aboeservationsmost of the steel factories gave a price estimation
of 9 to 10Birr/kg for the DMFsteelscrap.

26 Source: Interview with Mr. Tadesse Bayu, HabeSte®| Mil] Ethiopia, on 2 December 2014
27 Status 2013

28 personal communication with Mr. Solomon Aynemar, asset evaluation and disposal business process owner at the
PPPDSon 19 March2014
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4 National Downstream Markets for Aluminum and Copper

Like for steel, the informal market plays a major role in the scrap aluminum and coppersmarket
Informal collectors collect these metal scraps and sell dealers for storage and sales, in
particular in the Merkato market in Addis Abalds the DMFis a governmental organization, it
cannot sell to the informal market. The informarket istherdore notdescribed in more details

in this report.

4.1 The Aluminum Downstream Market

4.1.1 Overview of the Ethiopian Aluminum Market

The aluminum industry in Ethiopia mostly handles finished products eprpaicts.lt imports
aluminum and related products foetconstruction sector like aluminum fram&sydows, doors,
partitions, and producebouseholdutensils. The UN Commodity Trade Statistics Database
indicates that 886 of the total amounts @luminum imported into Ethiopia in 2011 were in these
categoris. Thegrowing demand of the construction industryarticular boosts this demaridio
company could be identified that produces aluminum from raw matetiatsently, the Addis
Ababa Chamber of Commerce has registered 41 private owned factories aiedsrsfdnly one
industry, B&C aluminum is interested to buy scraps form DM#®ugh not registered in the Addis
Ababa Chamber of Commerce, Gelila Industrial Engineeisngne of thebiggest aluminum
producing factories in the country. It is locatedMiekele City in the Tigray Region, unlike the
others, which are located in Addis Abeadran the vicinity of Addis Abeba. Another such factory
is ET AL Aluminium whichis locatedn Debre Behancity in the AmharaRegion120 kilometers
north east oAddis Ababa

Vehicle workshops are the main users of scrap aluminum in the domestic magyehpply it
for the modification and repair of car parts of household utensilsSThese workshops are,
however, small scale businesses that cannot absorb quantislesnoium scrap as produced at
the DMF.
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Figure 4: Car part fixed using aluminum

Recycling aluminum saves more than @0of the energy that would be needed to create a
comparable amount of the metal from raw matef#@&nerally,the quality of aluminum scrap

depends on the source of the scrap. The heavy weight scrap coming from car parts and machineries

is consideredigh quality and thus sold &igher prica. Additional quality criteriainclude the
purity of thealuminumscrapsandthequantity available per transaction. So far, it has not yet been

possible to assess the quality category into which manually disassembled and sorted aluminum

scrapfrom ewasteproduced at the DMivould fall. It can, however, be assumed that astea
terms of purity, the aluminum scrap is of high quality due to the manwalste dismantling
process applied at the DMF.

4.1.2 Identification of Potential Buyers and Prices for the DMF Aluminum Fraction

In discussions with representatives of flaetoriesregistered in the Addis Abeba Chamber of
Commercebusiness directorgnly one of them, B&C Aluminum uses or expressed interest in
scrap aluminumtdowever, tirther discussions with potential steel scrap buying factories identified
in this study, confirmeéthatAkaki BasicMetals IndustryET Al aluminumand Radel foundry are
interested to buy aluminum scrap fréine DMF. TheAkaki Basic Metals Industris half owned

by the Ethiopian Government and located in Akaki area whildatiter two areprivate owred
factolieslocated inthe vicinity of Akaki kaliti area.

Additional investigationgevealedtwo legally registered private companies located in Addis
Ababg which collect aluminum scrap from informal collectors and sell it to local and international
markets.The companies, MATEX and SADOR Plc., are interested to buy aluminum scrap from

29 The Aluminum Asociation, retrieved fromhttp://www.aluminum.org/sustainability/aluminunrecycling last
access May 2014
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the DMF under the government procurement rules. They want, however, sample and analyze the
aluminum fractios qualityi e.g. purity and weight before offering a final prchasingprice.
Theyfavor quantitie®f more than 500 kgAnnex IV on pages7 gives the contact details of these

four factories.

Taking into consideration the above resgions, the marketing representative of SADOR
estimated the price of aluminum wiitb Birr/kg of aluminum Radel Foundrygave a rough
estimate of 2@irr/kg, METEC indicateda general price of 1Birr/kg® for 2013.The PPPDS
based on international alunuim scrap marketdists aprice of 15 Birr/kg (March 2014, price
without linkage to specific qualitypr aluminum scrafl. The actuaprices dependhoweveron

the current international marketices, the purity and the quantities the DMF canppl.

Theexports of scrap aluminum and other metadsy be subject tegal limitations. It could not
be finally clarified whether and to which degrees such legislative restrictions would apply to the
expat of aluminum scrap given the situation on the Ethioplamaum market

4.2 The Copper Downstream Market

4.2.1 Overview of the Copper Market in Ethiopia

Scrap coppeis sourced from various items such as plumbing pipes, appliances and wires. Though
limited in amouns, scrap copper has a market in Ethioftigs processed in smaller workshops to
make brass and bronze alleyndit is used for making household utensils and artisan artifacts etc.
These businesses are small scale and in parts informal sector activities.

For larger quantities, potential buyers on Bikiopian markets are companies that mainly export
the copper scrapBased on data from the UN Commodity Trade Statistics Database, Ethiopia
exported scrap copper worth 1.8 millioiD and757,000 USDn 2007and 2008respectively

4.2.2 Identification of Pote ntial Buyers and Prices for the DMF Copper Fraction

During the investigations,gpential buyers of the DMF copper scrap stated that the quality of the
scrap depends on its purity. High quality scrap is not mixed with other metals, plastics (wires with
insuation covers), clean from impurities like dust, and corrosion. Usually they request high
resolution pictures of the scrap to check the above conditions before offering price estimates. The
minimum quantities they buy are at least three tonnes to redeiceshof transportation.

30 Personal communication with Mr. Misganakead of theMETEQ ogistic and Supply Management Offioa, 18
February 2014

3Personal communication with Mr. Solomon Aynemar, asset evaluation and disposal business process owner at the
PPPDSon 19 March2014
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Neither the Chamber of Commerce nor the Ministry of Industry oMimestry of Mines and
Energy havea list of copper exporters in Ethiopi&ia internet, three companies could be
identified, from which onlyEthio Metals Ltd®? and Econars General Tradfigeacted on
information requestslhey supplycopper cathodes and copper sa@the international market.
These private owned compasiare both located in Addis Al In telephonenterviewsthey
showedinterested in purctsing copper from the DMH-or price estimates they requested clear
pictures of the scraps asthted they woulg@refer quantitie®f morethanthreetonnes taeduce
transportation cost

Radel Foundry is a legally registered factory interested to bugothyeer scraps for domestic uses,
not for exportRadel Foundry roughly estimated the price for the DMF copper scraBatr/Ag.
PPPDSndicates the price of copper with B2r/kg3* (status March 2014) without any reference
to a certain qualityBMT Energy Telecom Industry is a private industry located in Sebeta city 23
kms from Addis Abeba in the Oromiya regiddnnex V on page69 gives detailed information
about these three factories.

5 International Downstream Markets for Printed Wiring Boards

Printed wiring boards (PWB)ave no adequate markets, neither local nor regional. sy
therefore be exportedor f i nal processing in smelters. Th
name for coppeand similarsmelters smelting and refining coppgerecious metalsnd non

ferrous metal fractions others thsteeland aluminum frone-waste dismantlig and mechanical
pre-processingSuch smelters are mubillion Euro investments, and their operation requires
manifold and high level expertise, which the large international smelters have built up over
decades. The establishment oftsacsmelter therefore requires time and careful preparation so

that there will be no operational smelter available in Ethiopia in the coming years.

5.1 Principal Composition of PWB

PWB in principle are composed ajrganic materials, e.g. epoxy resin, various metals and
fiberglassin varying concentrationgigure5 shows an example of a PWB composition.

32 Alibaba.com, retrieved fronhttp://www.alibaba.com/countrysearch/ET/coppescrap.htmlaccessed 19 May
2014

33RecyclelnMe, retrieved fromttp://www.recycleinme.com/rimeconars/home.asgxaccessed 19 May 2014
34Personabommunication with Mr. Solomon Aynemar, asset evaluation and disposal business process divaer at
PPPDS, on 19 Mar2h14
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Figure 5: Example composition of a printed wiring board (in mass%)3°

Some of the metals argcarce and valuable like precious metals (PM, mainly gsilder,
palladium), copper, tinOther metals are hazardous, like cadmium, lead, hexavalent chromium,
mercury, beryllium.PWB contain (brominated) flame retardants, mostly TBB&rg&bromo
bisphenb A). Brominated flameretardants, irparticularpolybrominated biphenylsP@B) and
polybrominated diphenyl etherBBDE), may genera hazardous dioxins andréunsif the PWB

are treatedn smeltersthat are not equipped to safely hanthem and without the necessary
knowledge.

Even though the European RoHS Directivand similar regulations worldwide ban the use of

PBB and PBDE, as well as of cadmium, lead, mercury and hexavalent chromium, these substances
are still present in EEE produced before July 2006 when the European RoHS Directive was
enacted. The banned meatare also present in newer EEE due to exemptions for specific uses

35 Source: Indumetal Recycling SA, in Deubzer 2007

36Cf. directive 2011/65/EU of the European Parliament and of the Council of 8 2tk on the restriction of the
use of certain hazardous substances in electrical and electronic equipment; retrieved from http://eur
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32011L0065:EN:NOT; 4@c@sseber 2014
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where they cannot be substituted for technical or environmental régsaren though in lower
concentrations compared to older equipment.

From the recycling point of view PWB are hightpmplex materials whose treatment needs
sophisticated knowhow and technology to recycle the valuable resources and to prevent damages
to environment, health and safe®BuVB are treated in primary and secondary copper smediers

in secondarygmelters speaalizedfor the processing of complex metal mixturegth or without
pre-processing.

From the end of life point of viewg-waste, components and fractions thereof, B\WYB, are
caegorizedbased orihe gold contenti-igure6 shows the classification as awerage of several
smelters The exact lower and upper limits defining tinélividual gradesare specific for each
smelter

Gold 600
Content 550

(9/t) 500
450

400

350

300

250

200

150 Medium Grade

100

50

Figure 6: End of life quality categories of ewaste, parts and fractions thereo®

Table4 gives an overview on the contents of gold, silver and palladium in PWB of various types
of EEE

S7Cf. Annex Il and 1V of dotive 2011/65/EU (RoHS Directive)
38 Averages of several smelters
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Table 4: Examples ofprecious metal contents of PWB in various typeef EEE®®

Type of Equipment Au (g/t) | Ag (g/t) | Pd (g/t)
Telephone - 2,400 -
Cathode ray tube TV 5 120 20
Stereo audio system 6 57 -
Air conditioner 15 58 -
Washing machine 17 51 -
Video cassette recordg 23 210 50
Radio cassette recorde 26 170 34
Fax machine 35 69 110
Printer 38 70 21
Refrigerator 44 42 -
DVD player/recorder 150 710 20
Liquid crystal display T 200 600 -
Video game 230 740 43
Desktop PC 240 570 150
Plasma display panel 7 300 400 -
Portable CD player 370 3,700 10
Digitalcamera 530 5,000 970
Notebook PC 630 1,100 200
Portable MD player 940 3,400 550
Mobile phoné?® 1,500 | 3,800 300

E-waste, components like PWB, and fractions fromaste dismantling have economic values
due mainly to their contents pfecious metals, in particular gold, silver and sometimes palladium,
and copperFigure? gives indicativeexamples ofprices buyers payor different grades of PWB
taking into accountreatment charges, boottransport cost

39 source: Masahiro Oguchi, Shinsuke Murakami, Hirofumi Sakanakura, Akiko Kida, Takashi Kameya: A
preliminary categorization of eraf-life electrical and electronic equipment as secondanalmiesources, in the
International Journal of Integrated Waste Management, Science and Technology, Waste Management 31 (2011) 2150
T 2160, ELSEVIER, 16 June 2011, www.elsevier.com/locate/wasman

40 please note that the precious metzbdncentratiors for mobile phones are usually lower.
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Figure 7: Indicative price examples for different material grades

The above prices are indicativEhey are based on average prices of severghqueessors and
smelters in 2014The exact prices depend on the current metal prices, the exact contents of
precious metals and copper, and on the business conditions of the individual processor.

Examples fovery high gade ewaste are mobile phonasthout batteriesPWB from computers
contain high grade PWB, and medium grade PWB can be found in DVD players and recorders.
PWB from CRFTV are low or even very low grade PWB as can be seen in the abbie.

5.2 Principles of Cost and Revenue Calculation in Smelters

Smelters pay the owner of PWB omaste (fractions) for the content mfecious metals (mainly

gold, silver palladium), and copper, which are therefore addressed as target metals (TM) in the
following. Smelters do not pay fotleer metal contenis the PWB Vice versa, the customer pays

for theprocessingf thePWB in the smelterSmelters usa similarprincipal scheme to calculate
theprocessingrices and therancial return to the customer, although, however, with variations.

Lot Charge

Fractions are treated in lots, ranging frarfew tons up t&0t and moreof material per lot. The
customer is carged a lot charge, which is a fixed amount per lot, not peetimaterial

The lot chargen principlereflectsthe costfor the analyses of the metal content inhegerial to
be treated, for examplecapper fractiorfrom mechanical prereatmenbf e-waste or high grade
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printed wiring boardsNot all smelters apply such lot charges, some also charge a certain amount
per tonne of material for sampling and analyses.

Treatment Charge

The customer pays the treatment charge, which the smelteratatcpker tone of material to be
processeth the smelterThe treatment charge goes back to the efforts for handling and processing
the material.

Metal Credit and Minimum Deduction

For PMand possibly focopperdepending on the individual smelterot 100 % of the analyzed
contens will be paid for, but the analyzed content will be reducgdertain percentage, the metal
credits, for example 56 for gold*. The metal creditcan be different for each TM, atidey are
specific for each smelteiThe techical background of the metal credit are the metal losses
throughout the processing in the smelter.

When the contents of TM is below a certain threshold, e.dpvinand grade materialsthe
Ami ni mum dwdldapptyt Thi® mioimum is specific for eacmetal. The minimum
deduction is indicated as amount of metal content to be subtracted pernfanaterial to be
processed, e. g.d't for gold*'. The minimum deduction goes back to the technical fact that the
content of a metal in the slags cannot drop below a certain minimum.

The minimum deduction appliébthe absolute @ductionof the analyzed contemésulting from
the metal credit itess than the minimum deductidn the above example for gold, the analyzed
content of gold will be reduced by 5g/t once thetal credit is less than 5 gfthe threshold level

X can easily be caldated as quotient of the minimum deduction D and the metal credit C

o u- "0
& obp PT3%

Equation 1: Minimum deduction threshold
minimum deduction threshold

minimum deduction
metal credit

0O 0O X

Figure8 illustratesthe effectof the minimum deductiofor the above gold example.

4“1 The exact valugof the metal credit and theminimum deduction are individual for each smelter!
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Figure 8: Reduction of gold content due to metal credit and minimundeduction

For gold concentrations below 100 g/t, thenimum deductiorapplies. The metal credit as well
as the minimum deduction apply to gold, silver and palladium and all other precious metals, and
in principle also to copper, even though with différesues for the various metals.

The minimum deduction considerably reduces the revenues, and the negative effect increases with
decreasing TM concentrationsigure 9 shows, based on the above example of gold, that the
percentages of reduced gold content increase exponentially with decreasing gold concentrations.

Metal
Credit
Zone
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80% \ Minimum DeductionZone
60% \
40% \
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0% T T T T T T T T T T T T T T T T T T T T
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Reduction of Analyzed Gold Content

120

Analyzed Gold Content (g/t

Figure 9: Reduction of gold contentin percentagedue to the metal credit and minimum deduction effect
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The metal credit reduction is more favorable for the customer than the minimum deduction, as the
minimum deduction is much higher in percentages than the nrewdit.dhe aboveFigure 9
illustrates the exponentially growing percentage for which the analyzed gold concentration is
reduced due to the minimum deduction. Starfiogn 5% for a gold concentration of more than

100 g/t, the actual reduction of the gold content increases 8 Hd 50g/t, to around 206 at

25g/t, and then steeply increasébe exact values for the metal credit and the minimum deduction
are differem for each smelter so that the effect varies, but the principle nevertheless applies in all
smelters to all precious metals, and in parts also to coppeending on the individual smelter,

the minimum deduction can already start taking effect for mednate PWBMainly due to the
minimum deduction effect, it is not profitable to treat low grade PWB directly in smeiftéisut
pre-treatment

Reduction ofthe Reference Metal Price

In Europe, the paymentfor the metakontents isbased orthe LME/LBMA (London Metal
Exchangéd.ondon Bullion Market Associatigrprice. Howeversmelters reduce thigrice for a
certain percentage. Thpercentage of this price reductiaspecific for each metal and differs
from smelter to smelter. The minimum deductiontloe metal credit is subtractdcbm the
analyzed TM contentsThe smelter pays the ownef the materialfor these reduced contents
according to the reducedVE price for each of the TM.

Refinement Charge

The smelter charges the auster for the refinemeérof the PM and copper, based on the analyzed
metal concentrations less the metal credit or minimum deduction.

Penalties

Smelters can chargbd customefor the presence of metalghich induce additional costs to
prevent for example th#tteydisturb cetain processes and/oontaminate the main products, e.g.
copper. Whetheand for which metalsa smelter charges penalties depends on the process
technology. The penalties are metal and smelter specific. Such metals can be nickel, cadmium,
bismuth beryllium or antimony, for instance.

They are generally indicated as payment per percentage of metal content over a certain threshold
per tonne of materiahs an example, a smelter may charge 7 Euro per@.6flberyllium content

over a threshold of 0.0%per bnne of material to be treatdfithe analyzed beryllium (Be) content

would be 0.08% in ten tonnes of materjdahe total penalty would be calculated as follows:

Equation2 shows the general lcallation scheme for penalties, which may, however, vary from
smelter to smelter.
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Equation 2: Calculation of penalties

z =+~ >5 T

If more metals are penalizethr example beryllium and nickel, the overall penalty would be

penalties (Eurp

type of metalvhich is penalizede.g. Ni, Be, B3 )
analy2d metal contengf)

threshold (%)

charge per percentage of metal content (Eurd{6
total mass ofmaterialto be treated

calculated as the sum of the individual penalties.

Shredding Charge

Shredding in smelters, if at all, normally only occurs as sicgueminutionof the PWBs to enable
a proper sampling ahat processing of the WEEE fraction. It is not a part of a mechanical

separation process as applied in-precessing.

Overall Revenue Calculation

The next equation shows the overall calculation of recycling cost and revenues in a copper smelter
for a coppeffraction containing different metal$he penalties F will be calculated according to

Equation2.

P=M@&[(A-a)@ X -R)-T-5s]-L-F

P=M@& [P XK-R)-T-S]-L-F

Equation 3: Price calculation with minimum deduction (top) and metal credit (bottom)

mrn-H4Xx X X2 >»0=Z2T
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total mass ofnaterialto be treated

metal cedit (%)

analyzed TM conteng(t)

minimum deductiorg(t)

official metal price (in Européondon Metal Exchange (LME) i n G/ ¢
Reduction of official pric€%)

type of metal (Cu and precious mejals

refinement charge (Euro/t of metal to be refiraéger metal credit or minimum deductjon
treatment charge (Euro/t ehaterialto be treated)

shredding charge (Euro/t ofiaterid to be treated); NOT mechanical separation
lot charge (Euro/lot)

penalties (Euro)



The customefowner of the material to be treatesll receive the revenue fBr the contents of
copper and precious metal$ie revenues are calculated individuatly €éach of the TM. The total
payment to the customer is the sum of the revenues for each of the TM.

5.3 Conclusions from the Cost/ Revenue Calculations for the Pre-processing of
E-waste

The insights into smelters®d c oedtitooptimidethrpeev enues
processingn order to maximize the economic benefitke aboveEquation3 can, however, only

be a base for general principles and conclusions. Whether and to which degree these principles
apply depends on the individual conditions of each smelter and must becchegke t h 't he s me
conditions to which the DMF will sell the material.

5.3.1 Basic Optimization Strategies
The aboveéEquation3 contains charges and revenues with déiférdependencies:

1 The lot charge L in most cases is a fixed @fcehich neither depends on the analyzed
TM contents Anor on the size M of the lot.

1 The treatment charge T (and the shredding charge S, if applicable) only depend on the size
M of the lot,they are independent from the TM content.

1 The revenues as well as penalties depend on the analyzed concentrafidtreAM and
on the total mass M of the lot. Penalties depend on the analyzed concentration of substances
which smelters penalize aboveecific threshold and on the total mass M of the lot (see
Equation2 on page34).

These basic insights into the cost and revenue calculation of smelters can give guidance for the
optimization of thepre-processingn order to maximize the economic benefits.

Minimum Lot Size and Optimization of Lot Size

The lot charge does ndepend on the amount of material per lot, but it is paid per delivery of a
container or material to the smelter. The same lot charge thus applies for a contatridedios

a container of 1Q. It is therefore favorable to deliver larger lot sizest Example, instead of
delivering two 20ft container per year, it is more economical to ship on& dontainer. The lot
charge would be the same, which means that it can be reduced %omp80 tonne of material
delivered with the larger delivery.

Not all smelters apply the lot charge. Smelters set or recommend, however, at least minimum lot
sizes. Depending on the material, these minimum sizes are arband Bore, but can also be as

42This does not necessarily apply for all smelters. The lot charge may also be calculated depending on the lot size.
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low as 1t only, e.g. for specific very high grade materfdl¥he minimum lot sizes are different

for each smelter. While a smelter may, for example, only accept a minimum of five tonnes for all
kinds of input materials, others may have minimum lot sizes for each grade of input material from
one tonne to several tonnés.any case, it is more economical to deliver larger lot sizes, even if a
smelter does not apply a lot charge. The cost of transport folftacd@tainer from Djibouti to
Europe is, for example, around 1,180ro, which is only around 10Buro more expesive than

for a 20ft containef*.

The exact conditions and requirements concerning minimum lot sizes, packaging and transport
conditions depend on the individual smelter.

Reduction of the Treatment Charge

The treatment charge depends on the total lot size. It is charged per tonne of material to be treated,
regardless of the TM concentration in this material. The treatment charge can therefore be reduced
if all parts which do not contain TM are removed fritva material. Low grade PWB, for example,
contain larger parts made from aluminum atekl Removing these parts reduces the total weight

of the PWB lot and thus the treatment charge.

Increase of the TM Content

The revenues directly depend on the corregioin of TM in the material to be treated in the
smelter. It is therefore beneficial to increase The concentratios as far as possibia the pre
treatment phase, in particular for low grade materials

Removing heavier and larger parts that do notasonT™M from PWB is a first and crucial step to
increase the TM concentration. The total weight of the fraction goes down, while the amount of
TM in the fraction remains the same. The TM concentration thus increases, and the treatment
charge is reduced, akescribed above. At least for low and very low grade materials, a further
mechanicapre-processingnay be required to remove ndiM metals and plastics.

5.3.2 Recommendations for Pre -processing

The above basic optimization strategies must be applied in itgedarations of manualeaste
dismantling at the DMF. The following sections give recommendations for the dismantling, sorting
and manuapre-processingf PWB.

Separate Storage and Treatment of High Grade PWB

Figure9 on page32 shows that the minimum deduction effect rapidly reduces the analyzed content
of the TM and thus the economic profit. The minimum deduction effect should therefore be
avoided. High grade PWhBheuld therefore be removed frommaste and be stored and treated

43 Data from various smelters
44 Source: Worldloop
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separately in smelters. They should not be mixed with other PWB grades. As high grade PWB
contain high amounts of gold, a dilution of such PWB with lower grades would result in high
economiclosses in case the total concentration sinks to a degree where the minimum deduction
applies.

Removal of Larger Steel and Aluminum Parts from PWB

The lot charge and the treatment charge are calculated based on the weight of the material to be
treated. Tk smelters only pay the contents of copper and PM. All other materials should in
principle be removed from PWB. They increase the weight and thus the lot and treatment charge,
but do not contribute to the revenues. In practice, only few materials cambee without
additionally loosing copper and PM.

In a manual disassembly process, trained staff can in particular removestagg@nd aluminum

parts, e.g. heat sinks steelcores from inductor coilsSteeland aluminum cannot be recycled in
coppersmelters but will form slags, while they can be sold as secondary raw materials when
removed from the PWPrior to their treatment in the smelter

An example calculation shathe economic benefits of removing larger components of metals
that are not TMAssuming al0t lot of low gradePWB for example from CRATV has the
composition inTableb.

Table 5: Exemplary contents of TM in a low grade RVB

Ag(g/t) Au(g/t) Pd (g/t)
280 16 8

Lot Size () Cu(kglt)
10 120

Very low and low grade PWB often contain larger pieces offddnmostly aluminum or steel parts, which
should be removed to prepare them for the smelter treatment and to improve the economic yield.
Assuming the removal of largeteeland aluminum partsn a pretreatment stepreduces the weight of

this fraction for25 %, the same amount of copper, gold, and silver would be concentrated &t ¢ot
resulting in higher concentrations of these metals in the lot as illustratdcaipie6.

Table 6: Concentrations of metals in lotafter removal of steeland aluminum parts

Reduced_ ot Size (t

Cu
(kgft)

Ag (9/1)

Au (9/1)

Pd (g/t)

8.0

150

350

20

10

In an exemplary calculation, the treatment efdhniginal and the prereated lot in @melter would

yield the revenues and cost displayed able7.
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Table 7: Comparison of profits from copper smelter treatment of original andpre-treated lot of10 t of low gradePWB

Total Overall| Revenues pe
Charges (Euro Revenues (Euro] Rewenues tonne
(Eurg (Euroft)
Pre -7,911 9,574 1,663 208
treated Lot
Original -9,602 8,864 -739 74
Lot
Differences 1,691 710 2,402 282

Note: The calculation isnly indicative and does not apply to individual smeltery RA @A Rdzl £ avYSt G§SNAQ
revenues areonfidential and can therefore not be disclosed.

Even though the figures in the above table are only indicative, they show that the treatment of
unprepared low grade PWB in a copper smelter economically doesake sense. Such PWB
should undergo pre-processingwhich at least removes larger aluminum and steel parts.

Additionally, thepre-processinggenerates steel and aluminum fractions that can be sold locally,
while these materials would be lost in th@ger smelter treatment. In the above exampl@©dkg

of steel and aluminum pangere removed from the PWB, which generdeitional income.The
additional incomdor 2,000kg of steel scrapvould be520 Euro based on a price af least

0.26 Eurd® (7 Birr) per Kilogram ofsteelscrap. Aluminum scrap is more expensiys Birr/kg).

If part of the metals removed from the low grade PWB are aluminum, the total value of the both
fractions would generatemorethan 520Euro instead of increasing the treatmeharge in the
smelter.

Further on, th@re-processingvould reducehe volumeand weight of the remaining PWB fraction
and thus also decrease thgistics cost for shipping the PWB to the copper smeltngch are
outside Ethiopiae.g. in Europe, Canadr Japan

The labor cost for the removal of these parts must, however, be subtracted from the overall profit.
A cost benefit analysis mushowwhether the overall economic result is sufficiently positive to
justify the additional efforts for the remdwaf the steeland aluminum parts. In countrietlower

income levels with cheagp manual laborlike in Ethiopia compared to, for example, most
European countrieshere is a good chance to improve the economical and the ecological benefit,
and additiondy create jobs by a deeper dismantling level of PWBe profitability will be
assessed in the Business Model task force which will be started later in 2014.

5.3.3 Mechanical Pre -processing of Lower Grade PWB

Compared to high grade PWB, in particular (very) Igrade PWB, besides largsteel and
aluminum parts, contain higher shares of organic materials (e.g. resins forming the PWB base) that

4 Exchange rate of 7 July 2014
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just increase the volume and the weight and thus the transport cost, and the lot and treatment charge
in the smeltersThe removal of these plastics could therefore further increase the revenues of a
smelter treatment. These plastics can, however, not be removed manually. After the removal of all
pure materials like aluminum and steel parts, a mechanical shredding aradisegmocess is to

be taken into account. Shredding and mechanical separation in principle result in four main
fractions:

1 nonferrous metal fraction (copper fraction, target fraction for Cu, PM, Sn, Pb, etc.)
1 aluminum fraction

i steel fraction

1 plastics fration

The mechanical treatment thus in principle separatesTiorfrom the TM resulting in a
concentrate of copper with a higher concentration of TM compared to the untreated PWB.

A shredding and mechanical separation process can, however, not actoenvgelete separation

of all TM into the copper fraction, but will produce losses of these metals to the other fractions
from which they cannot be recycl&As very high and high grade PWB contain high amounts of
PM and copper, these PWB and possibly alsdliom grade PWB should be treated directly in
copper smelters after a manual prbut without a mechanicgre-processing Loosing, for
example, 40% of the PM from high grade PWB in the mechanipedprocessingcauses
considerable economic losses. Fowér grade PWB, this effect is acceptable, because loosing
40 % of small amounts of PM economically is less damaging than the positive effects of the
increasing TM concentration achieved in the copper fraction.

Additionally, the steel and aluminum fraat®can be sold, which otherwise would become slags
in the smelter. The plastics fraction can be incinerated in incinerators with energy recovery or
cement kilns with flue gas cleaning. Recycling might be an option ag‘well.

5.3.4 Removal of Valuable Components

PWB can contain valuable components with metals that are not TM in smelter treatments. An
example are tantalum capacitors, which are mainly used in mobile phones and other mobile
products Figure10 shows examples of tantalum capacitors.

46 A more detailed assessment of precious metal losses for different mechanieptqaessing approaches can be
found inChancereR010 and in Saips 2010
47 Cf. sectioré on page25 about plastics

39



Figure 10: Tantalum capacitors*®

Tantalum is an expensive metal, and a conflict mineral. Its price is arourBuO®d’®, which
is similar to silver. The t&talum from capacitors can be recycled, and there are companies buying
and processing scrap tantalum capacitdrs.

When components are removed from PWB, it must be made sure that they do not contain precious
metals, which may then be lost in the subsequernycling steps. The removal of components
therefore needs care and proper training of staff to avoid economical and financial losses. The
additionallabor cost must be balanced with the additional income generated from the sales of
removed components.

5.3.5 Reduction of Penalized Metals

Penalized metals, for example nickel and/or and beryllium depending on the smelters, may be
difficult to remove. Nickel is, e.g., used as a diffusion barrier in components and therefore common
in PWB. Beryllium is also a conatiént of some components and in rare cases of ceramic PWB.
Their removal may thus result in loss of precious metals and is thus not recommended. If thresholds
are foreseeably exceeded, mixing PWB fractions with other PWB or materials may be possible as
long as they are of the same grade. These operations require profound knowledge about the
composition of fractions, and the penalties depend on the individual smelter. Activities to avoid
penalties should therefore only be taken if such penalties actuallyinesonsiderable reductions

of the revenues, which in most cases is not to be expected.

Different smelters charge different penalties. In case fractions permanently have higher contents
of problematic metals, possibly the choice of an appropriate smeiesolve the problem as long
as the overall economic outcome is favorable.

48 Source: Wikipedia, retrieved fronhttps://upload.wikimedia.org/wikipedia/commons/d/d8/Caplko-smd-
polarity.jpg accessed 9 April 2014

49 Metal pageshttp://www.metal -pages.com/metalprices/tantalum/accessed 9 April 2014

50 For example see Tantalum Recyclihtip://tantalumrecycling.com/ more companies buying and processing
scrap tantalum capacitor®tbe found on the internet
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5.4 Potential Buyers and Business Conditions

Potential Buyers and Business Partners

Preprocessingperators and smelters could be identified as potential buyers, and WorldLoop, a
non-governmental organization (NG@nnexV1 on page/Olists the contaadetails. The selected

buyers are assumed to operate environmentally sound and in compliance with environmental and
health and safety regulations due to their locations in the European Union, Japan and Canada,
where strict environmental regulations andtools are in place. It is advisable, nevertheless, to
require environmental, health and safety certificates in the request for quotation to make sure the
DMF materials are processed adequately.

In the investigations, principal types of business conditams$ business models of potential
buyers crystallized.The buyers will provide theirindividual conditions for purchase and
transportation to the DMF upon a request for quotation (RFQ).

5.4.1 Content-based Model

Once the material is delivered to the smeltewilit be analyzed for its contents of TM, and the
smelter will calculate the revenues for thetomer as describexh page30. The exact terms and
conditions ardeforehand agreed on in a contr&airther requirements and conditions apply as
described below.

Payment Delay

There is generally a delay of several weeks to months between the delivery of the material and the
actual payment to the customer. The exaatltions may differ from smelter to smelt8melters

may pay a certain percentagéthe approkmate material value @m delivery of the material
already The technical reason for the delay between delivery and payment is that it can take weeks
until theTM contained in a fraction are actually physically available to be sold.

Minimum Lot Sizes

Smelters either do not accept materials below a certain threshold, the minimum lot size, or at least
prefer quantities larger than that. Generally, minimum lotssae in the range of one to five
tonnes or even higher depending on the material grade, as explained 8b.page

Exclusion of Materials and Components from Treatment

Some smelters may not accept PWB or other fractions containing certain components, or penalize
certain metalsExamples are large capacitomsshich may contain polychlorinated biphenyls

(PCB). ALargeo may mean f or creofdametdr.@hedelimtianc i t or

depends on the smelter. These capacitors need to be removed. Otherwise, the smelter possibly will
not accept the material, or charge an extra penalty.

Smelters do not treat all kinds of PWB. Depending on the individual smelter, for example untreated
PWB from TV or similar equipment containing massive, large aluminum and steel parts may not
be accepted, or fractions with a high share of plastics.
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5.4.2 Fixed Price Business Model

Companies offering fixed price business (FPB) conditions buy PWB for a price, which is
contractually fixedprior to delivery. In the detail of the business conditions, the individual buyers
are different. This business model offers soadvantages in particular for smaller scale
businesses. The entire delivery will be paid within some days after the buyer has received the
material, and the customer (e.g. the DMF) has no price risk related to metal prices and actual metal
contents of th®WB based on analyses. The buyers contacted in the course of this downstream
market study do not set minimum amounts of materials per transaction and per PWB quality.

Buyers may allow several grades of PWB to be delivered in one container, others aequire
separation of the materials into several grades and subgrades. The customer has to organize the
transport and to cover all logistics cost for the transport to the buyer. As all of these buyers are
located in Europe or elsewhere outside Ethiopia, sitestsinspect the materials are impossible.

The prices can be fixed based on photos of the materials to be sold.

The advantages the FPB model offers for customers creates risks for the buyer, as the actual
average composition of the materials in a latriknown. Accordingly, buyers will set prices with
a safety margin to prevent financial losses.

5.4.3 Framework Contract Business Models

Besides the above business models, WorldLoop, an NGO, offers a package comprising all or
several kinds of components andctians from ewaste treatmeniVorldLoop does not buy the
material, but has an agreement with a smelter, and organizes further (mecipasjoadressing

of the PWB or other materials if requiradforldLoop offers a framework contract including the
following services and conditions:

A The NGO manages all contractual relations with the transporterprisgrocessing
operators and the smelter

A All kinds of PWB gradesrreaccepted

T

Analysisbased business model in cooperation with a smelter
A Transport

T The NGOorganizethe transporfrom the port (Djibouti) to the final destination (,
or possibly another country if furthpre-processings required)

T Transport tadhe port has to berganized byhe customer (DMF)

T The customer (DMF) covers all logistics cospnfrits own site to the port and from
the port to the final destination

A The NGO charges a service fee for each transport for the above services
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6 International and National Downstream Markets for Plastics

The plastics fraction stored at the DMF is not soatewbrding to types of plastics and therefore is

a mix of different plastics. The fraction contains all types and qualities of plastics as dismantled
from the ewaste treated at the DMF. As at least some of the plastics contain brominated flame
retardantsthe plastics fraction must be considered to be hazardous.

6.1 Properties and Quality Criteria for Plastics from E -waste

Quality criteria for plastics fractions are, among other criteria

1 Homogeneity, meaning the plastics fraction ideally should only consist of one type of
plastics

1 The fraction should consist of ABS, (HI)PS, PP or PE without brominated flame retardants
The plastics parts in the framh are free of stickers or other adhesions
1 No contaminations with neplastic materials, e.g. wood and metals

6.1.1 Brominated Flame Retardants

Plastics with brominated flame retardants are considered as hazardous wastes. The European
RoHS Directivé! even bans two specific groups of brominate flame retardants, polybrominated
biphenyls (PBB) and polybrominated biphenyl ethers (PBDE), from use in EEE from 2006 on.
Many other countries have adopted regulations similar to the European RoHS DirectivandBB
PBDE have a large potential to generate highly toxic dioxins and furans in case of fire or if they
are incinerated in incinerators that are not equipped to handle such materials. As the bans affect
the globally manufacturing electrical and electronntustry worldwide, these flame retardants

have been phased out in most EEE. Neverthelessnthg still be found in older electrical and
electronic equipment, in particular PBDE, while PBB has hardly been used is. EERary or

recycled plastics containg more than 0.26 (weight) of one of these flame retardants can
therefore not be used in new EEE, and they should not be used in other applications either due to
the hazardous properties of these flame retard&atgond that, brominated and other flame
retardants may also change the physical properties of plastics, resulting in inferior performance of
recycled products and i¥ fAdowncyclingodo of the

51 Directive 2011/65/EU of the European Parliament and of the Council of 8 June 2011 on the restriction of the use
of certain hazardous substances in electrical and electronic equipment (recast RoOHS Directive); retrieved from
http://eur -lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32011L0065:EaLbE3Fed 5 June 2014

52 Source: Europeanwaste preprocessor

53Shaw 2010
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Other brominated flame retardants besides PBB and PBDE are not banned, and their potential to
generate dioxins and furans is lower compared to PBB and PBDE. As the analytical differentiation
of the various brominated flame retardants in plastics is a complex and thus costly task, only the
content of BFR is analyzed in plastics frorwaste, knowing bwever, that it may contain a certain

share in particular of PBDELhe various types dBFR are therefore not differentiated in the
following sections, but generally addressed as BFR including banned and still legally used ones.

6.1.2 Types of Plastics in E-waste>4

Acrylonitrile butadiene styren¢dABS), high impactpolystyrene (HIPS), polystyrene (PS),
polypropylene (PP) and polyethylene (PE) are the economical drivers for the recycling of plastics
from E-waste and are hee the target plastics (TP) for the dismantling and recycling activities.
ABS, (HI)PS, PP and PE froraeaste may always contain BFR. Markets for recyclates from other
types of plastics are under development, but are currently not yet avafigolee 11 shows the
average quantities of plastics with flame retardants in the plastic mix fxeaste. There can be
large variations though, e.g. up to%0of the plasticsrom monitor housings can have BFR.

Ferrous & N-Ferrous
1%

Other PlasticsWires & Elect arfsluff/Foam

4% 1% Wood other Non-Plastics
' Fines 3%
1%p
3%
PC-ABS & PC
6%
HIPS
27%

Figure 11: Typical plastics fraction from mechanical ewaste treatment®

FR: brominated flame retardants incl. PBB and PBDE

54 Source ofnformation in this sectiorif not otherwise indicatedEuropean avaste preprocessor
55 Source: European@aste preprocessor
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(HDPS and ABS that are free of flame retardants have the highast ishsuch fractions. The
contents of PE and PP are only arourid3®®. PE and PP can, however, easily be separated from
such plastics mixes with water. They are the only types of plastics that are lighter than water and
thus float on the water surfaaghile all other plastics sink to the bottom. Once separated, PP and
PE can be recycled.

6.2 Potential Buyers, Prices and Conditions for Sales of the DMF Plastics
Fractions

Unlike mechanical treatment, the manual dismantling -ofaste can generate purer piest
fractions that are not mixed with metals and other contaminations like the plastics fraction from a
mechanical prgrocessing in the aboveigure 11. A typical mx of plastics from manual
dismantling of evaste consists of around 80 of ABS, (HI)PS, PP and PE Potential buyers of

the DMF plastics fraction were investigated on national and international level.

Currently, there are sixty private owned factoriggigiered under the AddisbabaChamber of
Commercé® working in the plastic industry sector in Ethiopddmost all of them use imported
semi processed plastics or have the capacity to recycle plastigdragsans, water bottles, olil
containers or old Ipstic shoesand other similar materials preferablyf their own brands.
Discussios with their respective procurement officers raee thatonly one of them, Ethiopia
Plastic Industr3? (EPI), which is a government owned public enterprise, may be interested to buy
the plastic fractions. Prior to offering price and business conditions for purchasing the [&dtics,
would like to assess theuality of the plastics fractiono determine he compatibility of its
chemical andphysical properties with theproducts and theiprocesses in their plants. EPI
indicatesa minimum of 500 kg per transaction to minimize transportation cost and save time for
tesing. However, at the time when the dyuwas finalized in November 2014, the team was
informed that the industry has sufficient amoohtused plastics in stock and would only take
further steps for testing and initiating a purchasing process once these stocks are sufficiently
processed. It add therefore not be finally clarified whether and under which conditions EPI would
buy the plastics, and what the company would actually do with it.

On the international market, the DMF plastics fracttan achieve prices of around 1B0ro per
tonné® including logistics cost for transport from Dijibouti to the recycling plant, provided the
following conditions appl§t:

56 Source: European@aste preprocessor

57 Source: Plastics recycling company, status March 2014

%8 Addis Ababa Chamber of Commer and Sectoral Association, retrieved  from
http://addischamber.com/cd2013/asp/sectorser.asp ; last access 28 November 2014

5°This industry is #ublic Enterprisewned by the Ethiopian Government and operated under Mhetals and
Engineering Qporation (METEG)Wwhich is alsewned bythe EthiopianGovernment

60 plastics prices are highly volatile. The above price is only valid for March 2014 when this information was
investigated.

61 Source: Plastics recycling company, status March 2014
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The material consists of plastics only.

The material contains around 8®of ABS, (HI)PS, PP and PE
Stickers or other adhesions should®@oved from the plastics parts
The material will be delivered to Djibouti.

The material will be put in a 40 feet HC container.

o a0k wdhpE

The container is filled with at least 2&f plastics.

Figurel2illustrates a standard 40HC (high cube) container.

Door Opening Dimensions

2,597mm / 8'6 1/4"

2,340mm /7' 8 1/8"

Inside Dimension

Measure Length Width Height

Capacity 76.3 cbm/ 2,694 cbft
Millimeters 12,032 2,350 2,700

ISO Type Group 45 GP
Feet 39' 5 5/8" 7'81/2" 8'10 1/4"

ISO Size Type 45 G1

Weight
Measure Max Gross Tare (Weight) Max Payload
Kilograms 32,500 4,010 28,490
Pounds 71,650 8,840 62,810

Figure 12: Standard 40 feethigh cube HC) container®?

62Source: Hapag Lloyd, retrieved frdmip://www.hapag-lloyd.de/en/fleet/container_40_standard_highcube.html
accessed 14 July 2014
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Based on visual inspection, the plastics fraction stored at the DMF does not contpiasticn
parts and thus complies with the first condition. As all plastic parts were dismantledivastes
the second condition should be met as well if &6€ontent of ABS, PS, PP and PE is typical for
plastics fractions from manuaiveaste dismantling.

The DMF can currently not comply with the other conditions. It has stored arduaoidp8astics
only?3, which is far below 22. Further on, a 4@eet HC containehasaround76 m? internal
volumé®®, and 22t of plastics will only fit into such a container if the plastics are comminuted or
pressed into bales.

6.3 Improvement Options

6.3.1 Achieving Economy of Scale Amounts of Plastics for Sales

TheDMF shouldcheck whether is economically profitable to purchase a shredder or a press that
comminutes the plastics parts or presses them into bales. The commingbompsson would
reduce the volume of the plastics fraction

sales prices, the economy of scale benefits for the plastics fractions and the overall more efficient

use of the DMFO0s storage capacities must at
such equipment, or the cost of the service.

The profilbility of a plastics shredder, a press or any other equipment, requires-riong
secured and permanent inflow eivaste to the DMF. Such purchases should therefore be flanked
by legislative measures and awareness campaigns to makewasteecan beollected from

public entities, private companies and private households, and will be treated at the DMF. The
profitability and sustainability of purchasing equipment can be assessed in the task force facility

optimization and in the business plan develeptrtask force.

6.3.2 Improving the Quality and Prices of the Plastics Fraction s

The DMF with its manual dismantling procesmavoid contaminationsf the plastics fractions
with metals and other materials, and stickers and labels can be removed fromtite s to
maintain or increase the current quality according to the quality criteria of plastics for recycling.

In principle, the DMF could further improve the quality and thus the achievable griceshare
of TP in the plastics fractioimcreass. As a rule of thumb, the price of a plastics fraction rises for
around 4Euro per tonne if the share of ABS, (HI)A&;,PPand PEncreases for around% in

63 Status March 2014
64 Source: Hapag Lloyd, retrieved frdtp://www.hapag-
lloyd.de/en/fleet/container_40_standard highcube.htpdccessed 14 July 2014
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total 5° While a fraction with 6®6 of TP achieves a price of around Hfo per tonne, fraction
with 70 % of these plastics coulte sold foraround 40 Euro per tonnekractions of pure ABS,
(HI)PS, PE, PP or P€an achievéigher prices. Pure fractions of ABS or B&h be sold dtighest
prices witharound 40@Euro per tonn¥.

Principle Improvement Options
Figure 13 illustratesprincipal steps based on the international market conditions and taking into

account the required technical means to imptovee qual ity of the DMF®6s

BFR Plastics

NonTP

Auxiliary BFRfree Plastics
Handheld NIR

Auxiliaries TPandOther BFR
Plastics Labels?, free Plastics
Handheld Xay

Cor Rl e I

Fractionsof Individual Target Plastics

Figure 13: Principle Plastics Sorting Option$”

The plastics fractions could in principle be improved in two steps:
A. Separation oBFR-containing plastics from the dismantled plastics fraction resulting in
1. a mix ofBFR-free TP and other BFRree plastics
2. a mix of BFRplastics

The mix of BFRfree TP and other BFRee plastics contains a higher share of TP and
thus achieves a higher price. The mix of BplRstics would have to be disposed of, It
should best be incinerated under controlled conditieR€, even if BFRfree, shoud

be added to the BFRlastics fraction, as its incineration may generate dioxins and

85 As plastics prices are highly volatile, this rule only applies for the time when the investigations for this part of the
report were finalized (March 2014).

66 Cf. Bleher 2014, page 9; Plastics prices are volatile and can meanwhile differ from the alxatednprice!

67 More information about identification andortingof plasticsoptions can be found in the reports of Bleher 2014
andUNEP 2012.
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furans and other toxisubstances likepolyaromatic hydrocarbons, pyrene and
chrsysen®.

The above plastics sortirgies require discriminatingBFR and BFRfree plastics
using technical auxiliaries like e.g. a handhelday device.

B. Separationnto individual TP fractions resulting in
3. fractions of individual TP, i.e. ABS, (HI)PS, PC, PE and PP;
4. a mix of BFRfree noRTP plastics;

If the individual TP fractions i83 are pure enough, they can be sold at higher prices
than the mix of TP irA.1. The BFRfree nonTP fraction inB4 could be sold as fuel
substitute e.g. in cement kilns.

The proper identification of the TP requires technical auxiliaries, e.g. a handheld near
infrared (NIR) device.

Theviability of the alove improvement steps crucially depends on heliably the BFRplastics
and the individual TP plastics can be identifeedl sorted

Viability of Sorting Based on Plastics Labels

Plastics parts, at least the larger ones, should be stamped or labetidai® ithe type of plastics

and whether the plastics contain brominated flame retardants. The markings on the plastics parts,
however, often are incorrect. No data were accessible to clarify the percentage of wrongly declared
plastics types. It is theraf® unclear to which degree of purity plastics can be separated based on
these labels. Possibly, the share of wrongly declared plastics is so high that the sorting might result
in fractions that are not or only insignificantly purer than the unsorted qdafséictions. This

sorting process would then just increase labor éafditionally, even small contaminatiortan

heavily affectthe qualityand thus the price of the fractionBhis applies in particular fothe
individual TP fractionan B3, andfor the fractios of BFR-free nonTP in B4. The latter, if
contaminated with BFR, must be tred as hazardous material, best in a controlled incineration
plant and cannot be used substitute for fossil fuels unless the facility is equipped to treat such
materials safely

The sorting of plastics according to s&phereforeprobablydoesnot make sense based on the
plastics labelsas contaminationaffect the value of the generated fractions thair sales is not
likely to outweighthe related labor and other co$tthe sorting process

StepA may be viable, as thcrease oBFR-free TP in the generated fraction increases the
achievable pricéor around 4Euro per tonne and percent if the share oSABHI)PS, PC, PE and

68 Chemie.de Information Service, Polyvinylchlorfttp://www.chemie.de/lexikon/Polyvinylchlorid.html#PVC
Entsorgungaccessed 29 December 2014
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PP increasé8 This applieseven if the fraction is not completely free of BipRistics.Wrong
plastics identification labels may, however, also result in TP being sorted into thpl&stRs TP
fraction, which reduces the amountsaiieable TPThe benefit in the end dependstbe degree
of incorrectly labeled plastic§.his is unknown, and it would therefore require geghetheithe
varioussorting exerciseare profitableWithout such tests, it is not advisable to start anyrsprt
activities based on the plastics identification labels.

Technical Means of Plasticsldentification

ForstepA, handheld xay devices could be beneficial. Suddwvices can identify BFRIlastics.
StepB would additionally require near infraréNIR) handheld devices to identify individual
plastic types.

The prices for such handheld devisgsrt ataround15,000 EuroAnnex VIl on pageB3lists
functional principles and examples for such devices. A proper training is retpuaietdieve to
achieve the maximum plastics identification reliability the devices can tffgarticular the x
ray devicesieed to be handled with utmasire to pregnt health damages!

In principle, afloat-sink-analysis with water could be used to separate PC and PE from other
plastics.Unbrominated and unfilled PC and PE kgéter than water and therefore will float on

the surface while other plastics types wiifiksto the bottom. PE and PC from WEEE normally

are free from brominated flame retardants. In case they are brominated, their density is probably
higher than that of wateas during the last years no such brominated plastics could be identified
with a demsity below that of watef® Brominated and filled PC and PE will thereforat float on

the water surface but sink to the bottom with the other plastics. The further separation of PC and
PE would require further technical means like a NIR device for separétis, however,
guestionablewhether such an operation would actually increase the overall economicThasult.
separation causes additional cost, arfdlera mix of pure PC/P®ill achieve a higher price, the
share of TP in the remaining plasticadtion and thus its price decreases.

The various sorting optionshould be carefully tested for their overall economic viability, and
whether theyan actually producsufficiently pure fractiongaking into account the reliability of
the devicesn pradice and thelocal conditionsOtherwise, ontaminationgnayreduce the prices
of the fractions and depreciate the labor and analytical efforts of soesndfing in a negative
overall economic balance

Additionally, sorting the plastics would make wtem more difficult to achieve economy of scale
plastics amounts within a reasonable time as the larger unsorted fraction from dismantling would
be split into smaller sufractions.To achieve economy of scale for exports and to save storage
capacity on itsite, the DMF requires equipment to reduce the volume of the plastics fractions,

89 As plastics prices are highly volatile, this rule only applies for the time when the investigations for this part of the
report werefinalized (March 2014).
"°Source: Martin Schlummer, Fraunhofer IVV; information provided-waiton 30 December 2014
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e.g. a baler or a plastics shredder, which ma
efficiency and capacity.

6.3.3 Disposal of Plastics with Brominated Flame Retardants in Ethiopia

Controlled Incineration 71

The improvemenobptions discussed in the previous section will generate a fraction of BFR
plastics.Poorquality incineratiorof these plasticgenerates and releases higlautities of toxic
degradation products, including dioxins and furans. Controlled incineration of materials with
halogenated flame retardants, while costly, substantially reduces releases of toxic byptoducts.
These plasticthereforarequire a sound tréaent, best in an incinerator equipped for the treatment

of such plastics, or possibly in cement kilns provided they are equipped accordingly. It was
investigated whether su@&FR-plastics could be adequately treated and disposed of in Ethiopia.
These plascs fractions would otherwise have to be exported for proper treatment at high expenses.

While no appropriate cement kilns could be identified in Ethidp&acountryis currently building
an incineration plant at the Reppie landfill site, the old ldraffAddis Ababa, with a capacity of
around 1,200 of waste per da{? The Koshe(Reppie) Wastd¢o-Energy(WtE) Power Plants
planned to be finished in 2016 and will then be the firstsofiind in Africa.

The plant is designed according to European standards for the incineration of low calorific waste.
The Ethiopian Government has decided to adopt the emission limits stipulated in the European
Directive 2000/76/EC on the incineration ofaste and its future amendments, which are binding

for the Repp WLE incineration/power plantn municipal waste incineration, dioxins and furans
are generated from halogenated fl ame retardan
wi ndowo 30@®tb 60€°@ with a maximum between 300 and 4@“ The Reppi WtE
incinerator therefore works at higher temperatures (flue gases are guaranteed to be bfar 850

at least 2 seconds) prevent the generation of dioxins and furans in the incinerptmsess. On

its passage to the flue gas cleaning devices, the flue gas cools down during a short period to
temperatures within the dioxin window so that a certain amount of dioxins and furans is expected
to rebuild. The flue gas cleaning therefore includeslition of activated carbon, which in
combination with a baghouse filter absorbs dioxins and furans so that the emissions clearly remain
below the threshold limits.

" If not otherwise indicated, all information in this chapter was obtained from an interview with Mr. Jan Teir,
wlk Yozttt a GKS hgySNE Qropof @anags & M&E Wt pidfectvagddBiayiuelaAtaNayiu,g
both Cambridge Industries Ltd.gesortium partner for constructing the incineration plant for the Ethiopian Electric
Power Corporation (EEPCo0)

2Shaw2010

3 Ethiopian Electric Power Corporation (EEPCo), Waste to Energy Project,
http://www.eepco.gov.et/project.php?pid=27&pcatids@ccessed 8 December 2014

74 McKay 2002
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The Reppie WLE incinerator can probably accept aroutdf plastics with brominateddine
retardants in the input, resulting in a total capacity of aroundofzuch plastics per day. The
plastics should be shredded to particle sizes less tha<m. Ths will facilitate mixing these
plastics with other waste in the waste bunker suenthat the feed material to the incinerator will
have aconstanguality. It is planned to test the acceptable amounts during the ramp up of the WtE
incinerator. The input of brominated plastics will be increased step by step ¥ tmmbined

with emission monitoring to ensure the dioxin and furan emissions remain below the legal
threshold limits.

The proper operation and maintenance of the plant will be key for the future environmental
performance of the Reppie WIE incinerator. Damages or impropetidning of the flue gas
cleaning system, e.due to reduced usage of activated carbon, improper maintenance of the filter
bags, or even waiving the expensive activated carbon infeed to save cost, would severely increase
the dioxin and furan emissionsdaresult in major pollutions of the surrounding areas. An issue
remaining to be solved is the fly ash, wheresotution forsave disposal is available yet in
Ethiopia

The Reppie WIE incinerator is not equipped to process and reliably destrogdd@iing
materials such as larger electrolytical capacitors and (H)CFC from cooling and freezing
equipment.

The incineration of the plastics in the WtE incinerator will cause additional cost. Precise data on
prices are currently not yet available.

Landfilling

Brominated flame retardants, including PBDE, have been observed leaching out of landfills in
industrial countries, including Canada and South Africa. Some landfill designs allow for leachate
capture, which would need to be treated. These designs alsaidegjth time/>

A new landfill for Addis Ababas under construction i8endfa. It will have a hazardous waste
section, but no details are available on the actual technical and environmental stdnbiesl.
there is clear evidence of the opposite, #ssumed that BFR plastics cannot be disposed of at this
site, nor at any other landfill in Ethiopi@ihe principal option of landfilling BFR plastics as well

as the technicalenvironmentabnd geological requirements for such a disposal site should be
assessed in a separate study.

6.4 Conclusions and Recommendations for the Plastics Fraction

A manual dismantling process can yield a good quality plastics fraction free from contaminations
with nonplastics materials. The DMF should maintain its manual dismgrrocess as long as

75 Shaw 2010
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the labor cost is low enough and, if necessary, improve it further by removing stickers and other
nonplastics adhesions from the dismantled plastics parts.

The quality and the price for the plastics fraction can in principle Ileeiurmproved by sorting

out BFR plastics and bgorting out individual fractions of target plastics. The technical and
economic feasibility of these options must, however, be tested taking into account the overall
economic and ecologic celenefit situabn. Currently, there is no solution available in the
country for the sound environmental treatment of the BFR plastics fraction, which the additional
sorting will generate.

The unsorted sales of the plastics fracfrmm manual dismantlings thereforerecommended as

the currently best overall optionf this fraction is sold unsorted to an environmentally sound
plastics recycler, the responsibility for the treatment of the plastics with brominated flame
retardants is with this recycler. Due diligenceéhecting the downstream buyer for the plastics is,
however, mandatory to ensure the proper treatment of the hazardous BFR plastics fraction.

Once the WLE incineration plant is operational and can properly process BFR plastics, and once
the prices for th incineration are known, the DMF could reconsider improving the quality of the
plastics fraction in order to maximize its overall economic benefit

7 Overall Conclusions and Recommendations

The deel, copper and aluminufractions produced at the DMF halocal markets in Ethiopia.
For dasticsandPWB, no such markets could be identified neither in Ethiopia nor in the region.
These fractionshouldthereforebeshould on the international market.

7.1 National Markets for Steel, Aluminum and Copper

Steelfractions from the DMF have a broad market in Ethioptae possibilities are limited for
scrap copper and aluminuymas the investigations for this study showed thatktfew industries

that carremet and reprocess to secondary copper and aluminum iodtah They can therefore

be sold tathese industries or touyers on the Ethiopian market that mainly export these metals.
Alternatively, instead of selling to companies that export these metals, the DMF could consider
exporting its aluminum and copper fractions directly provided they actually cannot be processed
in Ethiopia, and if such exports are legal.

Table8 sums up the prices and conditions investigated for steel, aluminum and copper scrap on
the Ethiopian market, and the approximate value of the steel, aluminwuo@yet fractions stored
at the DMF.
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Table 8: Prices and conditions for scrap steel, copper and aluminum in Ethiopia

Metal Average | Minimum Quantities Approximate Total Value of the
Scrap Price in | Quantities | Stored at the fractions stored at the DMF
Birr/kg Accepted DMF (rounded)

7
(Euro/kg™) (t) Birr (Euro 76)

Steel 971 10 25 26t 234,000 260,000
) (8,800- 9800)
(0.34 |
0.38)
Aluminum | 17.5(0.66) | 0.5t 0.45t 7,900 (300)
Copper | 40 3 0.32t 13,200 (500)

Totals (rounded) 255,000 281,000
(9,6001 10,600)

Annex lon pages2 lists the various items stored at the DMF. The list should be systemized using
categories formain fractions and subsuming the various parts under these categories. Such
categories should, for example, be printed wiring boards (PWB) comprising the various grades of

P WB, Apopul atedo circuit boards, motlongasboar ds
there are not good reasons to keep all these items as own categories. It is also unclear whether
these items are disassembled down to the final stage already, or whether a further disassembly
makes sense economically. This exercise should be ctatbwith all items in the list.

Manual dismantling generates purer steel, aluminum and copper fractions, which achieve higher
prices compared to such fractions from mechamoaprocessingwhich are contaminated with

other metals, plastics and variaatber materials contained inveaste. The DMF should continue
exploiting this manual labor advantage and maintain pure qualities of the generated fractions.

A costbenefit analysis should, however, be conducted to assess the optimum dismantling degree

The higher revenues from purer fractions and better sorted items that are rich in precious metals
must at least compensate the additional labor cost for deeper dismantling. Sticbnedist

anal yses will be part of t heMFtaak df orf c etsh efi B us
AFactory Optimizationo.

Investigations with some of the Aluminum and Cooper processing industries interested in buying
scraps frorDMF showedhat they have no minimum limit with regaradstheircapacity to absorb

all the scrapnetals fromDMF. However on the other handhe biggest part of these scrap metals
seems to be exportetlie to a lack of an adequate processing capacity in the coltninay

6 Status 21 May 2014
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therefore make sense that the DBIFPPPDSexports these metals itself rathbam selling it to
other companies that export it, thus increasing the revenues from the metar salesto the
industries in the local markdt should, however, be checked which option is more beneficial for
Ethiopiafinancially and in terms of suppsecuritygiven the fact that the country has to import
aluminum and copper.

7.2 International Markets for PWB

7.2.1 Basic recommendations for the sorting and dismantling of PWB

Subject to a more idepth analysis of the situation by the Facility Optimization Bodiness
Model task forces, the following recommendations can be given.

1 High grade PWB should be removed fromvaste and be stored and treated separately
from lower grade PWB.

1 Puresteeland aluminum parts and other parts that do not contain coppecmys metals
should be removed manually from PWB, in particular from low grade PWB.

1 Components containing higher amounts of PM or copper should be removed from medium
and low grade PWB and be treated with high grade PWB.

1 Electrical and electronic compents consisting of valuable materials others than copper
and precious metals may be removed manually. Examples are copper in inductor coils, and
tantalum capacitors from PWBs of mobile products. It must, however, be avoided that
components containing ptieas metals are removed as well.

1 In a final preprocessing step, after the removal of parts and components, lower and,
depending on the conditions of the individual smelter, possibly medium grade PWB should
undergo a mechanicagreprocessingthat generas a copper fraction with PM for
treatment in copper smelters, andteeland an aluminum fraction that can be sold and
thus generates additional income.

The above recommended measures should, however, be subject to an overall cost assessment
taking into account

1 the cost of the additional labor required to remove parts and electrical/electronic
components;

1 the additional revenues that can be generatedthese removed parts and components;

whether the storage capacity at the DMF is sufficient to allow the separate storage of
different PWB qualities until the minimum amounts are achieved which copper smelters
set for the various PWB qualities

1 how long it bkes for the various PWB qualities to achieve these minimum amounts copper
smelters set for the various PWB qualities;

1 and the influence on the logistics cost.
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The overall operational and economic optimization of the DMF operations will be conducted
in the Facility Optimization and the Business Model task forces.

7.2.2 Buyer-specific Optimization of the Dismantling and Sorting Process

The above recommendations are deduced from the cost and revenue calculations in smelters
and derived fronpotential buyer@  gra prieciples. Beyond this, each potential buyer of the
PWB scraps will have its own specific conditions, in particular concerning the sorting of PWB
grades and components. Complying with these conditions will increase the revenues from the
PWB sales, anh some cases may even be the precondition to effect the sale of the materials.

The DMF should therefore aspire a longemm relationship with a buyer of the PWB material

in order to optimize the PWB and other materials containing precious metalspgued tmits
conditions concerning, e.g., the sorting into different grades and subgrades, and the removal of
components, etc.. From time to time, the DMF should check the market again and send out
requests for quotations to ensure optimum revenues fraalés.

For the PWB already stored at the DMF, the DMF in principle has several options:

1. Sell the stored PWB as they are and start sorting of newly dismantled PWB

The stored PWB are unsorted. Concluding f
from various types of-wvaste ranging from computers to printers and CRT TVs, and

the stored PWB from the dismantling of these devices thus are a mixture of high grade
downto low and very low grade PWB. It should in principle be possible to find a buyer

for these PWB. The small quantity of around two tonnes, however, may be less than
minimum lot sizes potential buyers accept, or at least affects the revenues from the
sales de to disproportionately high transport and smelting costs.

The DMF could continue dismantlingveaste and producing unsorted PWBs until
potential buyersdé minimum quantities are
are possible.

2. Start treatmendnd sorting of PWB from newly dismantlegvaste and in parallel treat
and sort the stockpiled PWB.

The DMF could start treating the dismantled PWB, e.g. the removal of Eegdand
aluminum parts, and the sorting of PWB grades from now on. Thisroptould
require sufficient space for the separate storage of at least two PWB fractions, high
grade PWB and other grades of PWB, until sufficient amounts are collected to enable
their efficient sale. Even more than two PWB fractions may be advisable)dizyie

on whether the DMF already sorts according to the conditions of a future buyer.

While the storage space in the old building is limited, possibly the DMF has sufficient
storage capacity available once the new building is finished.

The parallel treament (e.g. removal of largeteeland aluminum parts from lower
grade PWB) and sorting of the already stockpiled PWB could be conducted in the
course of clearing the old building as then these PWB have to be moved anyway.
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The preferable option should bssassed based on a cost benefit analysis taking into account the
specific conditions of the DMF labor cost, storage capacity, etcon the one hand, and the
conditions and prices of potential buyers on the other hand. In case the DMF cannot sask this t
itsel f, 1t wildl become part of the task force

7.3 International and National Downstream Markets for Plastics

The incineration of the dismantled plastics in cement kilns to substitute fossil duets
incinerators for environmatal, health and safety reasonscigrrently not an option.No

adequately equipped cement kilns or incinerators could be identified in Ethidpea.
incineration of plastics containifgyominated flame retardants migngreforegenerate dioxins
andfuransed cause major damages to the environme

The plastics fraction stored at the DMF due to the manual dismantling process is free of
contaminations with noplastics materials and can therefore be sold for recycling at a price of
araund 100 Euro per tonheon the international markethe DMF should therefore continue

its current dismantling practice without a further sorting of the plastics. This facilitates
achieving economy of scale amounts, or at least amounts which are suyfieféaient to be

sold and/or match the minimum amounts of plastics which recyclers are willing to buy.
Foregoing any further sorting also avoids that plastics with brominated flame retardants remain
at the DMF, which currently cannot be treated adequateEthiopia and therefore would
generate further cost.

Once the new WtE incinerator in Reppie becomes fully operational and can properly process
plastics with brominated flame retardants, the DMF could reconsider improving the quality of
the plastics faction by various sorting options. These options must, however, be tested
carefully for theirtechnicaleconomic and ecological feasibility taking into account the overall
cost and benefit.

The compacting of the plastics parts will be crucial to makemoe f f i ci ent wuse of
storage capacity, and to achieve the necessary filling degree of containers so that the transport

is more efficient, and the minimum amounts of potential buyers of the plastics fractions can be
achieved. Respective equipmentilcbbe purchased provided the legislative conditions and an
effective and efficient col |l eecdmsupplywihet em r ¢
waste.

The DMF should apply due diligence and carefully assess potentialsbafyéine plastics
fraction in terms of environmental, health and safety standargievent severe environmental
and health damages due to emissions of dioxin and furan and other toxic substances.

77 As plastics prices are highly volatile, this rule only applies for the time when the investigations for this part of the
report were finalized (March 2014).
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7.4 Legal Status of the DMF

During the investigations, it became obvious that theoemusion about the legal status of the

DMF . I n particular, there is no common unders
to the CRTC, the ownership and supervision by MCIT, its status as a budgetary institution, and

the resulting competenséor the DMF and its management in terms of administrative procedures

to be followed and entrepreneurial freedom. This situation causes considerable inefficiencies in
the sales procedure and in general decisiaking. The Government should urgently cldes

DMF6s |l egal status and take care al/|l key pl ay

As an alternative to the current statie Ethiopian Governmembight considered to give the

DMF more freedonto operate like a commercial private enterprise imtlaeket, or to transfer it

to a private entity. This would give more flexibility to the operations and in particular the sales of
the dismantling fractions. If the DMF shall be kept in Government ownership, there may be legal
possibilities to establish tH8MF as a body with more entrepreneurial freedom like e.g. a public
enterprise Municipal waste management authorities in Germany and other countries are, for
example, organized as corporations under public law. Once the DMF is upgraded and generates
higheroutputs, such a legal organizational form might be an alternative that could combine the
competitive incentives provided by a free entrepreneurship with the degree of public control the
Ethiopian Government deems appropriate. Various forms of publict@mpatnership schemes
might be another possibility. In the face of the expected risewaste quantities, a dynamic
system will be required anyway that allows balancing the amountsvag& with the capacities

for its proper collection and treatmeand efficient and dynamic sales procedures faraste
fractions on national and international markets.

Any commercial independence and operational freedoms givepMaste operators require,
however, adequate monitoring and control by public authottienforce applicable regulations
so that ewaste collectors, transporters apbcessorsvork in accordance to the applicable
national and international legislation and social and environmental standards.

7.5 Sales Procedures and Financial Incentives

The s&es of the PWB and the plastics on the international market has to follow a complex
administrative procedure involving several Governmental institutions, as illustrated in figure
Figure3 on page€l8. This export procedure has not yet been tested, and changes as well as delays
may occur throughout the process. The DMF is higidpmmended to start this procedure in time

to be ready for export once the minimum required amounts of PWB and plastics are available at
the DMF. In particular, the DMF should already start now those parts of the procedure like e.g.
applying for a VAT numbr and an export license, etc., which are necessary to create the pre
conditions for the further steps.
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During the investigations for this report, the Government established a new sales procedure the
DMF and other public institutions have to follow for tmlesales on the national marketThe

steel and other metal fractions stored at the DMF meanwhile were sold via this new pr&tedure.
The new procedure involves the PPPDS into the sales of fractions so tbd¥lEheannot sell

them directly.

The willingness of potential buyers to actually buy and pay reasonable prices next to quality also
depends on the amounts per transaction, and on the steadiness of the material flows. In this respect,
it is highly desirable that the DMF increases the irgile-waste to generate higher and steadier
outputs to benefit from the economy of scale effect. As this is difficult to achieve in short term,

the available storage space should be used optimally or even be increased to make sure that at least
the minimumamounts buyers request per material transactions can be met.

The economy of scale effect could, however, even be met with smaller amounts of scrap metals if
the PPPDS takes them over and unites them with other scrap metal streams of similar quality. The
economy of scale effect may thus be achievable with the final buyers as the PPPDS still can offer
larger amounts of scrap metals. The EwaMP project team has no insights into the quantities and
gualities of the metal scraps administrated by the PPPDS. mibanés of scrap metals stored
should be optimized jointly with the PPPDS, t
AFactory Optimizationo in case the PPPDS <can
streams of similar quality to sell theim larger quantities on the Ethiopian market. This would
require, however, that the PPPDS takes over the metals and stores them until economy of scale
amounts are achieved.

The revenues from the sales of the DMF metal fractions on the national markets Is@o
transferred to the DMF as currently foreseen. This mechanism links the revenues the DMF
produces from high quality fractions to the financial resources it has available. This would
incentivize producing high volumes of high quality output fractiwite the available human and

other resources. As a further incentive, it may be considered to either add a bonus component to
the salaries or change part of the salary to such a bonus for the employees working at the DMF.
This bonus should be strictly rétal to the economic result of the DMF operations as a motivation

to increase the quantity and quality of the operations.

In line with this, if EEE producers shall at least in parts finance-thaste management system

via an extended producer responsibility scheme, clear and transparent rules for price setting by the
PPPDS will be required that ensure the prices are adedD#terwise, producers may consider

this construction as eliminating competition, and prices for fraction sales might be perceived to be
too low thus overly increasing expenses for the financing of-thaste management system.

8Cf. sectior2.3.1on pagel6
"9Status October 2014
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Annex | Input of E -waste into the DMF80
No. | Description | Unit Quantity Total | Remark
Sep 2011- | Sep 2012- | Sep 2013 -
Aug 2012 | Aug 2013 | May 2014
1 | System Unit Pcs 1,830 1,188 700 3,718
2 | CRT Monitor Pcs 199 - - 199
3 | Kevborad Pcs 490 - - 490
4 | Mouse Pcs 598 - - 598
5 | Printer Pcs 214 327 91 632
6 | FaxMachine Pcs 46 102 25 173
7 | Duplicating Pcs
Machine 6 13 9 28
8 | Copier Pcs 21 44 3 68
9 | Scanner Pcs ) 18 1 24
10 | Projector Pcs 5] 16 16 38
11 | Manual Pcs
Typewriter 17 49 36 102
12 | Electrical Pcs
Typewriter 35 76 30 141
13 | Air Pcs
Conditioner j 20 j 20
14 | UPS Pcs - 11 - 11
15 | Oven Pcs - ) - 5
16 | X-Ray posiic Pcs - 1 - 1
17 Server Pcs - 2 - 2
18 Telephone Pcs 1 1
switchboard } }
19 Various Pcs
Radio/TV
studio - - 163 163
equipments
20 | Miscellaneous | Pcs 218 201 9 428
TOTAL e-Products | 6,922

80source: Dereje Masresha, Manager DMF
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Annex Il Dismantling P arts and Fractions Stored at the DMF 81

Quantity Q“‘?‘”“tY
. (weight in

No. Type of Scrap (reess) kg)

1 Processors scrap

2 IC chips

3 Transformers & transformer windings 233 422

4 Scrap Ink Jet Cartridges 57

5 Scrap Laser Toner Cartridges 207

6 Scrap Printer drums

7 CD ROM drive scrap 683

8 Floppy drive scrap 870

9 Hard Disk drive scrap 634

10 Populated Circuit Boards

11 Unclipped Internal wires and connector scrap

12 Unclippedexternal wires and cables scrap 315

13 External connector scrap

14 RAM module scrap

15 PC Power Supply Units

16 Copper Yokes scrap

17 Copper Heat Sinks scrap

18 Aluminum Heat Sinks scrap 2,514 446

19 Mixed Plastic scrap

20 Plastic drive gears scrap

21 Electric motors scrap 910 229

22 Computer Plastic cooling Fans 1,890 190

23 Screws

24 IDE/data cables scrap 2,516 105

25 Steel scrap 26,227.50

26 Mixed Plastic scrap 8,381.80

27 Degaussing wire

28 Speakers 408 23

29 Tape recorder head 59 38

30 PC mother boards

31 Low grade printed wiring boards

32 Medium grade printed wiring boards

33 High grade printed wiring boards

81 Information sent via email by Dereje Masresha, Manager of the DMF, to Otmar Deubzer, UNU, on 1 April 2014;
the above table refles the status as of March 2014

63



34 Mixed metal/plastic scrap
34 UPS

35 UPSbatteries

36 Lithium Batteries

37 NiCd batteries

38 NiMH batteries

The above list needs to be further systemized with respect to materials that disassembled
further at the DMF and those materials that cannot be further processed at the DMF and therefore
should be handed on to downstream markets or must be disposed. A further categorization is
required as well as some of the items listed aboag fall under a common category; e.g. PC
mother boards and low, medium and high grade printed wiring boards. This work needs further
onsite investigations and discussions with the DMF to make sure all goods are correctly identified

and classified.
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Annex Il Potential Buyers for the DMF Steel Fraction
No | Name of factory | Owner- | Location | Certifi Contacts Source of raw Price
ship and cates material offered for
distance Steelin
from Birr/kg
Akaki
Finalizin
- .. 1lg ISO Informal  market  at
1 Abyssinia Integrateq Private Debre Ziet, 9001 Mr.Rajesh Gupta; 0913325236 | Merkato, METEC import] 9-10
Steel 45 kms I ; )
certificati from China and Ukraine
on
. . . Mr. Misganaw, Head of Logistic!
2 ﬁllfjiksltrBaS'C Metals rC;Zrtam ﬁrl](gk" 6 No and Supply management office| METEC 9
y of METEC; 0115506012
3 Arati Steel Private Enilsan’ 10 No Mr. Afendi 0912982244 Import from India 9
4 Ethiopian Iron and Public Akaki, No F'\)AJ;C'\rq!!?r?g’Head of Scrap meta Informal  market at 7.8
Steel Factory private 5kms department:0911872016 Merkarto, andMETEC
Informal market at . N
5 Habesha Steel Mills | Private Dukem, 22 TMT. Mr. Nebeyu General Manager, Merkarto, and impori D.' dnot
Kms certified | 0116635188 ; . disclose
from China and Ukraine
Addis . R
Kotebe Metal Toolg . Mr. Alemayehu Didnot
| Factory Private Ababa, | No 0116464056/0116465068 ) disclose
25kms
7 N.A Metal Industry Private Gelan, 10 NoO Mr. Esayas i Didnot
and Engineering kms 0911510691/0911215724 disclose
Akaki
8 Radel Foundry Private kality, 5] No Mr. Amnauel Head ofhe factory | _ 11

kms

0911201427/ 011 439 0951




Debre Zeit, NoO

Mr. Tezazu 0911697791

9--10

9 Steely R.M.C Private 45 kms
10 Walia Steel Industria| Private Alem Gena No Mr.Asehnafi 0113870843 D.' dnot
105 kms disclose

66




Annex IV Potential B uyers of the Aluminum Fraction
No. | Name of factory Ownership | Location and | Environ- | Contacts Main source | Price offered for Al in
distance from | mental of raw | Birr/kg
Akaki Manage material
ment
System
Mr. Misganaw, Head ¢
Akaki Basic Metals . Logistics and Supply
1 Industry Government| Akaki, 6 km No Management METEC: METEC 15
0115506012
Akaki Kalit Mr. Amnauel Head of the
2 | Radel Foundry Private SI?mI Y| No factory - 20
' 0911201427/ 011 439 0951
MATEX  Private| Addis  Abeba, Mr. TewodroseSheferaw | Mainly Interested t
3 Compan Private 25km No Informal disclose price estimate
pany 0924 11 69 36 Collectors p
SADOR Private| _ . Addis  Abeba, Mr. Indris Mainly Interested t
4 Compan Private 25km No Informal disclose price estimate
pany 251-911 71 78 80 Collectors P
5 | ETAlAuminium® | Private | DSPre  Berhan) 0912616362 : Interested
145km disclose price estimate
i i Mr. Haimanot
6 | B&C Aluminum® | Private Akaki Kality, | : Interested
5km 0911618042 disclose price estimate

82 Source: Tesfaye Berhanu, PPPDS; this potential buyanataslected based on the approach describedention4.1.2on page27
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7 Tana Engineerirf§ +251911223094 Willingness to buywas not

checked.
Ahmed, Musema & Willingness to buywas not
8 Zeynu Metal Works® +251911657422 checked.

83SourceDereje Masresha, Manager DMF, vimail on 15 December 2014 to Otmar Deubzer, UNU; this potential buyerataglected based on the approach
describedn section4.1.2on page27

68



Annex V Potential Buyers of the Copper Fraction
No. | Name of factory Ownership Location and | Environment | Contacts Price offered for Cu in
distance from | al Birr/kg
Akaki Management
System
Mr. Amnaue) head of
- the factory
1 Radel Foundry Private étak' kality, No 40
m 0911201427/ 011 439
0951
Mr.Daneil
2 Ef:;ﬁr General Private Addis Abeba No Didnoét disclo
N9 0911601894
3 Ethio Metal Private Addis Abeba No 251-1-6611411 Didndét disclo
Mr. Tesfaye
4 $mgcgr?16{r?gustr§ﬁ Private Sebeta , 4&m No Didndét disclo
0930101232

84 Source: Tesfaye Berhanu, PPPDS; this potential buyanataslected based on the approach describedention4.2.2on page28
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Annex VI

Potential Buyers of PWB Fractions

Contact Details of PotentialBuyers/Processorsof PWB8°

Potential Type of Business Location and Website Contact Remarks
Buyer
Umicore Endprocessing: Adolf Greinerstraat 14 Thierry Van Kerckhoven
Precious Secondary smelte B-2660Hobokeri Antwerp P: +32 3 821
Metal specialized on preciou Belgium F: +32 382178 07
Refining metal refining from e E: preciousmetals@umicore.com
waste and othe| Internet:
secondary sources http://lwww.preciousmetals.umicore.
om/PMR/
Boliden Endprocessing?rimary | Ronnskar Boliden Ronnskar
Group, copper smelter Postalcode 932 81 Ronnskar
Roénnskar Skelleftehamn 932 81 Skelleftehamn
Smelter Sweden Sweden
T: +46 910 77 30 00
Internet:
http://www.boliden.com/Operations/
melters/Ronnskar/
Montanwerke | End-processing: Werkstrasse 1 Katharina Resch
Brixlegg Secondary coppe Austria P: +43 5337 6151 118
smelter E: katharina.resch@montanwerk
Internet: brixlegg.com
http://www.montanwerke
brixlegg.com/en/
Glencore End-processingPrimary | Glencore Canada Corporation E:recycling@glencore€a.com

copper smelter

100 King Street West
Suite 7200, P.O. Box 405
Toronto, Ontario



http://www.boliden.com/Operations/Smelters/Ronnskar/
http://www.boliden.com/Operations/Smelters/Ronnskar/
http://www.montanwerke-brixlegg.com/en/
http://www.montanwerke-brixlegg.com/en/
mailto:katharina.resch@montanwerke-brixlegg.com
mailto:katharina.resch@montanwerke-brixlegg.com

Canada
M5X 1E3

Horne Smelter inRouynNoranda,
Canada;
http://www.norandarecycling.com/E|
[Facilities/Pages/Horne.aspx

5 Aurubis AG End-processingPrimary | Hovestr. 50 Metal Recycling Hamburg
(Hamburg) and 20539 Hamburg Thorsten Steenbock
secondary (Lanen) | Germany P: +49 40 7882211
copper smelter F: +49 40 788B2255
Internet: E: t.steenbock@aurubis.com
http://www.aurubis.com/en/corporat
group/groupstructure/aurubis Metd Recycling Linen
worldwide/sies/show/1054/ Christian Coesfeld
P: +49 2306 10821
Kupferstral3e 23 F: +49 2306 108419
44532 Linen E: c.coesfeld@aurubis.com
Germany
Internet:
http://www.aurubis.com/en/corporat
group/groupstructure/aurubis
worldwide/sites/show/1038/
6 Dowa Kosaka] EndprocessingPrimary | Kosaka Dowa EceSystem
Smelting & | copper smelter Japan T: +81-3-68471230
Refining E: ecoinfo@doweeco.co.jp
Internet:
http://www.dowa
eco.co.jp/en/recycle.html
7 E.R.N. Preprocessing Peutestrasse 243 Oliver Carstens E.R.N GmbH is an
Elektro- 20539 Hamburg Phone: +4940-7804780 affiliate company of
Recycling Germany Fax : +4940-78047878 Aurubis dealing with
NORD GmbH http://lwww.ern E-mail: carstens@ergmbh.de smaller scale

gmbh.de/index.en.html

business. Hence Mi
Carstens can act ¢
contact for both
Aurubis and E.R.N
GmbH
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http://www.norandarecycling.com/EN/Facilities/Pages/Horne.aspx
http://www.norandarecycling.com/EN/Facilities/Pages/Horne.aspx
http://www.aurubis.com/en/corporate-group/group-structure/aurubis-worldwide/sites/show/1054/
http://www.aurubis.com/en/corporate-group/group-structure/aurubis-worldwide/sites/show/1054/
http://www.aurubis.com/en/corporate-group/group-structure/aurubis-worldwide/sites/show/1054/
http://www.aurubis.com/en/corporate-group/group-structure/aurubis-worldwide/sites/show/1038/
http://www.aurubis.com/en/corporate-group/group-structure/aurubis-worldwide/sites/show/1038/
http://www.aurubis.com/en/corporate-group/group-structure/aurubis-worldwide/sites/show/1038/
mailto:t.steenbock@aurubis.com
mailto:c.coesfeld@aurubis.com
http://www.dowa-eco.co.jp/en/recycle.html
http://www.dowa-eco.co.jp/en/recycle.html
mailto:ecoinfo@dowa-eco.co.jp
http://www.ern-gmbh.de/index.en.html
http://www.ern-gmbh.de/index.en.html
mailto:carstens@ern-gmbh.de

8 Electrocycling | Preprocessing Electrocycling GmbH Kai Kramer
GmbH LandstraBe 91 P: +49(0)5321 / 3360
38644Goslar F: +49(0)5321 /33611
Germany E: Kai.Kramer@electrocycling.de
Internet:
http://www.electrocycling.de/en/weld
ome
9 WorldLoop Nornrgovernmental c/o Vrije Universiteit Brussels Thomas Poelmans WorldLoop offers a
organization Pleinlaan 2 P:+ 32 (0)2 614 82 03 framework contraci
1050 Brussels F: +32(0)2 400 71 25 for the sales of €
Belgium E: waste and fraction:
thomas.poelmans@worldloop.org| thereof including
Internet: further services like
www.worldloop.org support for logistics
and legal clearxes
for transboundary,
transports
The above entities were identified based the aut haetvssandiper son

is not a recommendation. The DMF is advised to apply due diligence when selrwdingss partners ensuring they follow sound
environmental, health and safety practiesswell as integer business conduct, e.g. in sampling of PWB comientA WEEE e n d
processingstandr do f i nalized in 2014 may ¢ itaddrongtheiEdrepean Electromids &kecyclera nd a r
Association (EERA). Please indicate your name and company when semdaibte: Is@eerarecyclers.com

For (mechanicalpre-processing, standarasay give additionlaguidance as well, examples beiegtewardghttp://e stewards.org/
WEEELABEX (http://www.weeelabex.oryandR2 (http://www.sustainableelectronics.oyg/

Some of the above potential buyers gave information about general or their specific business conditions, while othetsbeould n
contacted directly, or considered such information as confidential to a degree that it should not be published heoemBtisning
provided in the below section.
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http://www.electrocycling.de/en/welcome
http://www.electrocycling.de/en/welcome
mailto:Kai.Kramer@electrocycling.de
http://www.worldloop.org/
mailto:thomas.poelmans@worldloop.org
mailto:ls@eera-recyclers.com
http://e-stewards.org/
http://www.weeelabex.org/
http://www.sustainableelectronics.org/

Specific Conditions Electrocycling GmbH?®

Electrocycling offersa fixed price purchasing modebut can also work with a contelphsed
approachFor the fixed price modeElectrocycling has no principal minimum amount of material

for deliveries, but accepts smaller amounts of high grade materials like processors and connectors.
In any case, the various materials should be kept separate in different recepitesbacs.

The material should fall into the classification B1110 of regulation EG Nr. 1013f2006s

means, among others, that hazardous components such as mercury containing switches and PCB
capacitors must be removed fromvaste and fractions thereof, ati@ fractions may not contain

glass from CRT, or batteries, and may not be contaminated with PCB, lead, mercury, cadmium,
etc. For details check the regulatfSAccording to Electrocycling, the material can then be
shipped to Germany as green listed material without a notification process.

The client receives the agreed payment around two weeks after the material has arrived on
El ect r ogste Eldctroeydirig@mbHacceptsnixed PWB materialdyut does not give price
indications Electrocycling sorts mixed PWB on site first, reducing the price for the additional
sorting costinto high, medium and low grade materials as illustrated below.

88 Source for all information and pictures in this chapter: Electrocycling GmbH, personal communicatiemaitd e
exchange betwen November 2013 and January 2014

87 For details sedREGULATION(EC) No 1013/2006 OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCILof 14 June 2006on shipments of wasteetrievable from http://eurlex.europa.eu/legal
content/EN/TXT/PDF/?uri=CELEX:02006R10:2®130410&from=DE accessed 21 November 2011



http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02006R1013-20130410&from=DE
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02006R1013-20130410&from=DE
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Figure 14: Low grade PWB like from consumer electronics, TVs and monitors (top left), medium grade PWB from
telecommunication equipment (top right) and high grade PWB from old generation personal computers (older than
Pentium 1V, bottom left)

Older generation PWB from personal computeaigler than Pentium IVare high grade materials,
while later ones are medium grade. The below illustrations show pictures of such older generation
PWB.

74



Figure 15: Older generation PWB from personal computers

Pentium IV PWB and higher are new generation PWB, which are of lower value. They have other
colors then green, or are green but with smaller CPU slots/soElgise 16 shows examples.
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