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ELECTRONIC WASTE: TRASH TO CASH

Rapid technological advances and lower product pscfor more powerful machines are
contributing to shorter product life spans and fragnt replacement of electrical and electronic
equipment. As a result it leads to generation ofvaste, which attracts more and more attention
from businesses, government authorities and civiasa Waste electrical and electronic equipment
is defined as electrical and electronic equipmerttieh has reached end of life (waste); including
all components, subassemblies and consumables wiasigh part of the product at the time of
discarding. There is a growing concern over WEEE euo increasing amounts generated,
coupled by the toxic content and the valuable ma&ts. WEEE is the most rapidly growing
segment of the municipal waste stream. The artidiefines the problem of e-waste management
in Ukraine. It contains the best practices of e-wiasmanagement in the EU. It analyses and
compares Ukraine and EU legislation in this fieldesponsibility of producers of electrical and
electronic equipment (as well as importers and iges), e-waste collection schemes and
financial mechanisms. The article contains suggests of how to solve the problem of generated
and accumulated electronic waste as well as the etogf economically and environmentally
effective e-waste management.

Keywords:electrical and electronic equipment, waste of teleal and electronic equipment,
WEEE generation, Basel convention, EU-Ukraine Assioni Agreement, waste classifier,
advanced recycling fee, collection schemes.

EJEKTPOHHI BIIXO/JU: TEPCIHEKTUBU NIEPETBOPEHHS BIAXOJIB ¥ JOX0O/JU
Iyaaea 1O. €.
CmpimKi memnu HayKo60-mexXHiYHO20 npozpecy, pO3UWIUPEHHA PUHKIE 30ymy U cghep
3aACMOCY6AHHA e1IeKMPUUHO20 U e/1IeKMPOHHO20 00NAOHAHHA CYNPOEOONHCYIOMbCA CKOPOUEHHAM
1020 HCUMMEBO20 WUKITY 6 pe3yjibmami NoAéu HOGUX 6uoie i mooeneu. Ak Hacniook, ue
npu3e00uUmMb 00 YMEOPEHHA e/1eKMPOHHUX 8i0X00i8, AKi 6ce Oinbuie npusepmaromov yeazy
Oi3Hecy, Op2aHie ynpaeaiHHA Ul 2POMAOCbKOCMI. Y cmammi 6u3HaA4YeHa npoodiema n080OMHCEHHA 3
C/ICKMPOHHUMU 6i0X00amMu 6 YKpaiHi Ha OCHOGI 6UGYEHHA Neped06o20 00CEi0y YNPAGIAIHHA
e1eKmpoHHUMu gioxooamu 6 Kpainax €C. Buxonano auaniz ynpaeniHHA NOMOKAMU UUX
6i0x00ié ¢ Ykpaini ma ¢ €C 3a 3aKOHO0ABYUM Pe2YII0BAHHAM, GION0GIOANbHICMIO 6UPOOHUKIG
CEKMPUUHO20 U e/IeKMPOHHO20 001a0HaHHA (iMnopmepie, pumeiliepis), cxemamu 300py
€/1IeKMPOHHUX 6i0X00i8, MeXaHI3MaAMU (DIHAHCYBAHHA YNPAGIIHHA MAKUMU BI0X00AMU.
Haeseoeno 6ucnoeéKku, y AKUX 3anpoONOHOEAHO WIAXU 30014 GUPIMEHHA 3POCMAIO40i npodiemu
HAZPOMAONHCEHHA e/IeKMPOHHUX 6I0X00i6 Ma M0OOelb eKOHOMIUHO Ma €KOJI02IYHO eqleKmUEH020
YRPAGIIHHA HUMU.
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Knwuoei cnosa:. erexkmpuyne il eiekmponHe 001AOHANHS, eIeKMPOHHI 8i0X00U, YMEOPEHH s
eleKMpOHHUX 6i0x00i8, baszenvcoka koneenyis, Yeooa npo acoyiayiro mixc Yxpainorwo ma €C,
Ka1acughixamop 8iox00ie, agancosi niamedxici, cxemu 300py.

SJIEKTPOHHBIE OTXO/bI: HEPCITEKTUBBI IPEBPAILIIEHUSA OTX0O10B B
JA0XOAbI
lyaaesa 10. E.

CmpemumenvbHble meMNbl HAYYHO-MEXHUYECKO20 npozpeccd, PACUIUPEHUA PbIHKOE cObIma
u chep npumeHeHuA 3INEKMPUUECKO20 U INEKMPOHHOZ0 000pYO0BAHUA CONPOGOHCOAIOMCA
COKpau{eHuem €20 HCU3HeHHO020 YUKIA 6 Pe3y/lbmame NOAGINCHUA HOBbIX 6U006 u moodeneil. Kak
clleocmeue, MO NPUEOOUm K 00pa3zoeaHulo 31eKmpOHHbBIX OMX0008, Komopbvle éce 00Jibuie
npueneKkarom GHUMAHUe Ou3Heca, OP2AHO6 YNPAeieHua u oodoujecmeeHHocmu. B cmambe
onpeoeneHa npoodiema O0OpaAUleHUA C IJNEKMPOHHLIMU OmMX00aMu 6 YKpauHe HaA OCHOge
U3YUEHUA Neped0s8o20 ONbIma YNPAGIeHUA INeKMPOHHbIMU omxodamu 6 cmpanax EC.
Bvinonnen ananuz ynpaeieHua nomoxamu 3mux omxoooe 6 Ykpaune u 6 EC no
3AKOHOOAMENbHOMY Pe2yIUPOSaHUIo, OMEEemCHEEHHOCMU RPOU3600UmeIiell /1eKMPUIecKo20 u
NEKMPOHHO20 000pydosanusn (UMnOpmepos, pumeiiiepos), cxemam cOOpa 3I1eKMPOHHBIX
OMX0008, MEXAHUMAM (OUHAHCUPOBGAHUA YnpagieHua makumu omxooamu. Ilpueedensi
6b1600bl, 6 KOMOPBIX NPEOSIONHCEHbl NYMU pPeuleHUA NPoOIemMbl HAKONIEHUA INEKHMPOHHbIX
0MX0008 U MOOeb IKOHOMUUECKU U IKON02UYECKU I heKmUeHo20 ynpasieHua umu.

Knrwouesvie cnosa. snexkmpuueckoe u s1eKmpoHHoe 000pyo0osanue, 21eKmpOHHbIE OMX0O0bl,
obpaszosanue 21eKMpOHHBIX 0MX0008, bazenvckas koneenyus, coenauwenue ob accoyuayuu mMerHcoy
Yxpaunoii u EC, knaccughuxamop omxo008, asancogvie niamesicu, cxemvl coopa.

Problem statement. This article reviews the growing problem of wasteelectrical and
electronic equipment (WEEE) generated in Ukrainescdbes one model of a convenient and
environmentally friendly WEEE management systenal aatlines business opportunities for EEE
producers, importers, local recyclers and EU takekbcompliance schemes among producer
associations.

WEEE is a national challenge that needs to be adddeat all levels. The Verkhovna Rada
can contribute to a national solution by adoptiegidlation that allows temporary WEEE export
and bringing Ukrainian laws on waste in line withl Eegislation. EEE producers, importers and
retailers need to join forces in sharing respotigibfor organizing effective collection and
recycling financing systems.

Analysis of the last researches and publicationsThere is a number of research works
related to the development of an effective meclmaro$ management of electronic waste, which
have been made by the foreign authors. This amatérs to the works of Antrekowitsch H. [4] and
Sinha D.K. [10]. Studies in Ukraine in this fielctedimited with the translated articled published i
the foreign editions.

The purpose of the article is to offer the roadmap for WEEE management pahcikraine
based on the analysis of the current WEEE managemerhanism in Ukraine and in the EU.

The main results of the researchWhat is WEEE?The global market for electric and
electronic equipment (EEE) has grown exponentialyhe last 40 years as the use of equipment
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such as mobile phones and computers skyrocketeh ivthe poorest countries in the world.
Developing countries like Ukraine are the fastestagng markets for these goods.

More than 10 million PCs, equal to a total mas®wdér 400,000 tonnes, and more than 20
million mobile phones equal to about 2,400 t wen@orted to Ukraine over 1991-2006. In 2006,
the Ukrainian PC market was the fastest-growingumope. In 2007, Ukraine wa&’3argest PC
importer after Russia and Poland in Central anddiasEurope [1]. Sales peaked in 2008 [2].
Demand slumped in 2009 and 2013 because of econengssion (Fig. 1).

5
2 D b
1,5
1
05
O
004 2005 D 200 2008 I oz

0o 2010 201 202 N 3 074

Fig. 1. Ukraine’s IT equipment market, USD bn
Sourse: [3]

According to IDC projections [3], PCs demand is expected to recover in the next while, as
purchasing power has fallen significantly amongaikians. Nevertheless, the e-tablets segment in
the domestic consumer electronics market was'theigest among CEE countries in 2014.

With 98.8% of its computers not made domesticdllkraine imports large quantities of
electric and electronic equipment, which means tkaponsibility for environmentally friendly
WEEE management at the end of EEE lifespans neebs taid on importers. This is in line with
the producer-pays principle and principle of exthgroducer responsibility legally instituted by
all developed countries to comply with the conad@ustainable development.

In Ukraine’s market for electrical and electronguugsment, the main importers are: Indesit,
Bosch, Phillips, Delonghi, LG, and Sony for the belold appliances. The market shares of the
main importers for tablets and notebooks can be sethe pie charts below [3].

ACER 7.1% Dell 2.4%

Lenovo 0.9% ACER 0.7%

Apple 7.5% Samsung 25.9%

Samsung 42.6
ASUS 8.7%

Lenovo 10.1%

Apple 39.5% Sony 11.3% HP 23.9%

Fig. 2. Ukraine’s main importers Fig. 3. Ukrainés main importers
for tablets for notebooks
Sourse: [3] Sourse: [3]
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Rapid technological advances and lower producteprifor more powerful machines are
contributing to shorter lifespans and frequentaepiment. There is a growing concern over WEEE
as increased quantities are generated, coupledaith content and valuable materials.

Today, WEEE is the fastest-growing segment of thanioipal waste stream. There is no
official data on the amount of WEEE discarded irrditke, but it is estimated that over 200,000 t of
WEEE are generated annually and the amount keepsrgy. According to one projection, by 2022
the total volume of WEEE generated in Ukraine coelith 3mn tons. In terms of per capita WEEE
generated, Ukraine leaves most EU states behigd4Fi

124

kg per capita

Fig. 4. WEEE generated per capita in 2012
Sourse: [3]

The minimum price that EU recyclers are preparepay for WEEE produced in Ukraine is
EUR 200 per t, which means that Ukraine loses Upu& 40mn annually.

What problems does WEEE generai&® main problem with WEEE in developing countries
is uncontrolled burning and recycling using rudinaewn skills and technologies to recover precious
metals that pose a danger to the environment amduhdnealth.

Potentially, this is also a sizeable market thabives considerable investment from both the
private and public sectoras WEEE recycling funds depend on the quantitidgsk# produced and
imported in the countryCompetition among WEEE recycling companies is gngndramatically
in Europe. This is partly due to the growing numbkecompanies operating in this field and partly
to the rapid development of hi-tech equipment amilifies that minimize the cost of recycling and
maximize the recovered secondary raw materials.

Valuable materials in WEEE. Most of the valuablestances in EEE are found in the printed
circuit boards that connect and support electrepimponents. In a PC, these metals include iron,
aluminum, copper, lead, nickel, tin, gold, silvelatinum, and palladium. Metals and other valuable
materials are present in other electronics compsnesuch as copper in wires, and iron and
aluminum in household appliances. According to Wi Geological Survey, 1 ton of computer
waste contains as much gold as 18 tons of gold#mpanck. The principal metal present in WEEE
streams is copper, so for the purposes of comparibe levels of valuable metals present in a
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typical copper ore and typical WEEE metals contarts shown in Table 1. The comparison
highlights the importance of maximizing WEEE redaygl

Table 1. Extractable metals in WEEE compared to typral copper ore (%)

Metal Typical copper Keyboard PC PCBs
ore

Silver 0.00034 0.050 0.0090 0.300
Gold 0.00010 0.005 0.0010 0.008
Copper 0.80000 13.000 7.0000 25.000
Zink 0.12000 3.000 1.3000 1.500
Palladium 0.04000 0.0002 0.0004 -
Aluminium - 18.0000 11.0000 3.000

Sourse: [4]

This sector of business in Ukraine is still nascdntis a consequence of the imperfect
legislative regulation and the absence of the firmmechanism of WEEE management.

WEEE management in Ukraine today. Legal FramewBdsel ConventionUkraine ratified
[5] the Basel Convention on The Control of Transiary Movements of Hazardous Wastes and
Their Disposal in 1999. This Convention:

* limits the transboundary movement of hazardousesgast

* recommends that hazardous wastes and other wdmsiakl sas far as is compatible with
environmentally sound and efficient managementdisposed of in the state where they were
generated;

* lays responsibility for the transport and dispadadhazardous wastes on the waste generator
(producer, importer or trader).

At the same time, the Basel Convention also regslttie cross-border movement of WEEE
where the state that generated the WEEE does wet tha technical capacity and the necessary
facilities or suitable disposal sites to disposéhefwastes in an environmentally sound and efficie
manner.

Since Ukraine doesn’'t have enough facilities for B¥Erecycling, the Basel Convention
states that it should export the WEEE generatethéncountry to ensure its’ environmentally
friendly management.

Ukrainian law complicates and makes the exportumhswaste nearly impossible because
some of it contains precious metals. Certainly,oetqd WEEE means a loss of valuable resources
for the country, but in the meantime thousandsoahés of WEEE are simply being dumped and
accumulated in landfills around the country, cagssignificant environmental damage from the
toxic chemicals and hazardous materials that thstevcontains.

Waste ClassifierdUkraine lacks a coherent methodology to identify Hazard class of the
waste. Apart from it, classifiers consider only teasgenerated from market players. The waste
streams from households are not regulated.

There are several documents, so called waste fad@ssivhich refer waste to a certain waste
group:

* Temporary Classifier, enacted by the USSR MinigtfyHealth. Industries still use it to
identify the hazard class of waste generated dysroduction.

* Sanitary requirements for the treatment of indabktriaste.
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* The State Waste Classifier groups waste accordinghé economic or service sector
generating the waste, while producing goods oregnd services. It is based on two classifiers: the
Classifier of Categories of Economic Activity aritetState Classifier of Products and Services. It
does not identify hazard classes. WEEE is positlaneGroupb6 with a code of 7740.3.1.04 as
damaged, obsolete or irreparable electronic equipngenerated in companies from different
economic sectors.

EU-Ukraine Association Agreemer@urrently EU companies interested in recycling and
ready to handle WEEE generated in Ukraine canniot gecess to the Ukrainian WEEE market
because of discrepancies between EU and Ukraiaegslation.

The Association Agreement opens up new opportnitie environmental and waste
management cooperation but requires that Ukrainadraizes its legislation with EU laws.

The EU-Ukraine Association Agreement’s [7] politisection was signed on the March 21,
2014, and economic section on June 27, 2014. |& &al the gradual approximation of Ukrainian
legislation to EU law and policy on environment.caodingly:

* EU Directive 2008/98/EC on waste must be adoptethtional legislation within 3 years of
this Agreement entering into force.

» Competent authority/ies must be designated withise 3 years.

* Full cost recovery mechanism following the pollupatys principle and extended producer
responsibility principle must be established withigears.

As EU-Ukraine Association Agreement was supposethaee been signed in November
2013, several steps had already been taken to haenblkrainian legislation on waste with EU
laws and regulations:

* The law of Ukraine on waste had been significaattyended in 2010. Responsibility for
collecting WEEE and recycling it was laid on theb@a&t of Ministers and other Ministers and
municipal governments.

* A plan for measures to adapt Ukrainian legislatiorEU legislation was developed and
confirmed for 2013. The plan included a list of Bfectives on environmental protection to serve
as guidelines and standards for Ukraine’s lawmakéne Directive on Waste 2008/98/EC, which
also regulates WEEE stream, is one of them.

* In order to implement this plan, the Recommendatmm WEEE Collection, which stipulate
collecting it on sites for bulky domestic wastesl @nganizing a mobile collection system together
with collection points, were approved. These recemdations were developed for local councils
and local governments responsible for collecting processing domestic waste.

Since then, the situation in Ukraine has not chdreyed no subsequent steps were taken to
implement the plan or regulations.

Producer ResponsibilityAt the moment, none of the stakeholders in the HiEeSpan -
producers, importers, wholesalers or retailerdegally responsible for the WEEE generated.

WEEE collection schemes$iousehold WEEE collection schemes are stipulatedthsy
Recommendations on WEEE Collection, but the Recomdatgons have not been implemented.
This means that this WEEE stream is not contraletdkraine. Second-hand EEE is an informal
market, with devices being resold for the purposeease or dismantling for spare parts. This
prolongs EEE lifespan and helps to temporally sidown WEEE generation, but it does not
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prevent it altogether. At the end of the day, whdéft goes to landfills, together with other
domestic waste.

WEEE collection from business is regulated in saclvay that the state legally obliges
companies to make agreements with recyclers thatllbawaste containing precious metals.
However, most such firms take WEEE only to extraecious metals: the rest of the waste goes to
landfills.

Financial mechanismThere is no official/state financial mechanism deped for the
collection, take-back and recycling of WEEE. An e of the financial mechanism that works
among EU member states is offered in Section 5.4.

Best practice in WEEE management in the EU

Legal FrameworkThere are two main Directives that regulate WEEmagament in the
EU:

* WEEE Directive [8]. It is intended to establish lection schemes for consumers to return
their WEEE free-of-charge. These schemes aim tease the recycling and/or re-use of WEEE.
The requirements for collecting and recycling vohshwere revised in order to tackle the rapidly
expanding WEEE stream. The revised Directive cartweaffect in February 2014.

* RoHS Directive [9]. Its purpose is to limit certaiazardous substances, such as mercury,
chromium, cadmium, lead, PBB and PBDE, in EEE. é&t&nber 2008, the European Commission
proposed revising the Directive. The RoHS recastdive 2011/65/EU came into effect in January
2013.

WEEE and RoHS observance by the EU member staseletido leading global positions in
reducing the volumes of WEEE generated and accuetylavhile in increasing volumes of WEEE
collected and recycled.

Waste ClassifiersThe European Waste Catalogue and Hazardous Wasit¢1lDi are used
for the classification of all hazardous and nondndaus wastes and are designed to form a
consistent waste classification system across e ey form the basis for all national and
international waste reporting obligations, suchihase associated with waste licenses and permits,
the National Waste Database and the transport stewdVastes are grouped according to the
properties of wastes in the same group and tharieed method is chosen accordingly.

WEEE are positioned in Group 16 02 “Wastes froncteleal and electronic equipment” in
Sec. 16, which also includes end-of-life vehicleatteries and accumulators. WEEE includes 8
subgroups, most of them marked with an asteriskcating that they are hazardous.

Producer Responsibility WEEE Directive establishes producer responsibifity EEE
products. Producers must contribute to financind bear responsibility for a fully-functioning
collection system for their spent products. In tBerective, “producer” refers to those
manufacturing and, under their own name, imporéind/or selling electric and electronic products
(stakeholders).

Collection schemed.o comply with the WEEE Directive and Basel Convamt EU member
states established WEEE take-back compliance s&h)embich bring together the biggest
producers of electrical and electronic equipmeanthsas Samsung, Panasonic, Electrolux and so
on, behind special enterprises, such as ICT Miked NVMP in the Netherlands, Recupel in
Belgium, El Kretsen in Sweden, El Retur in Norw&W/ICO in Switzerland, and Asekol in Czech
Republic.
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The most common collection schemes are: collecyiards run by city councils; mobile
collection points, mostly for bulky WEEE; municipabllection points; EEE points of sale and
service; collection points at schools, private camps and governmental offices.

Financial mechanismSince August 13, 2005, producers must fund thectexy of WEEE
basing on their current market sharg filling WEEE recycling fund with:

» Advanced Recycling Fees (ARF) charged to consumierssw EEE at the moment of its
purchase, together with

» Administration Flat Fee.

The WEEE Directive requires EU member states tarenthat for a transitional period of 8
years (10 years for large household appliancesjiysers are allowed to show consumers the
visible advanced recycling fee at the time of sdleew products. The visible advanced recycling
fee consists of the costs of collection, treatmand disposal of historic WEEE in an
environmentally sound way.

Fig. 5 shows the circular flow of materials, whiahms to optimize a closed loop material
cycle, together with the financial flow designeditibthe Recycling Fund.
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Fig. 5. Flow of materials and finances in EU WEEE mnagement system
Sourse: [10]

An industry-based national WEEE registration boslyesponsible for keeping and updating
the database of registered EEE producers or inmpgoderd their market shares, and approving
environmental management costs. These costs fuletttee compliance schemes operating in EU
states, to enable them to pay for environmentaliynd management of all household WEEE taken
back by retailers or deposited by members of th@ipat local civic amenity sites.

Conclusions.A roadmap for WEEE management policy in Ukraine

A. Improve the national legal framework regulating WERy:

» harmonizing Ukrainian legislation on WEEE manageimeith EU legislation (such as the
Waste Classifier and the Ukrainian Law on Waste);
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» adopting certain EU standards, rules and regulatiorthis field. This means not only the
adoption of laws and so on, but also the implentemaof, for example, Basel Convention
requirements to comply with internationally observeules of transboundary movement of
hazardous waste, Extended Producer Responsimlityalluters pay principles;

« allowing the temporary export of WEEE for enviromtedly sound treatment, until Ukraine
builds up its own facilities to handle domesticyaing, in accordance with the Basel Convention
instructions;

« drafting new laws based on EU practice, such as BV&ktl RoOHS Directives.

B. Establish an industry-based national WEEE registidbody responsible for the database
of registered EEE producers and importers in Ulgaend their market shares, environmental
management costs, and statistics for WEEE generetéidcted and recycled.

C.Introduce WEEE take-back compliance schemes, asmts of WEEE
producers/importers, to implement the concept akeioted Producer Responsibility by providing
effective collection and treatment schemes.

D. Launch a WEEE Recycling Fund to cover the experissnaeironmentally sound WEEE
treatment.

E. Raise awareness among decision-makers, the puldiother stakeholders around issues
related to EEE and WEEE. This means that, besidpsoving the system of checks and penalties
along the entire product lifecycle, an effectivéormation campaign is needed to raise awareness
among both consumers and retailers, and amongcpaulttinorities. Only a comprehensive approach
will reduce the profitability of the black markehdh produce a new economy and new jobs that
respect the environment.
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