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What the media says about Agbogbloshie
The worlds largest e-waste dump?!

Where your computer goes to die: Shocking pictures
of the toxic 'electronic graveyards' in Africa where
the West dumps its old PCs, laptops, microwaves,
fridges and phones

Agbogbloshie: the
world's largest e-waste
dump - in pictures

Sie sind gefullt mit Laptops, Handys, Kiihischranken und Fernsehern. Es ist der
Wohlstandsschrott der Industrienationen.

Ref.: www.thequardian.com;http://www.dailymail.co.uk; https://www.planet-wissen.de
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Introduction
Location of informal scrapyards in Ghana

Suame Magazine Scrapyard

Dagomba Line Scrapyard 'S
Akwatia Line Scrapyard

Agbogbloshie Scrapyard

| Mortuary Road Scrapyard
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Workflow

Air

E-Waste Soil/Water Scrap metals
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Impressions
Health and safety
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Impressions
Environmental pollution
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Impression
Spreading of pollutants




Collection and weighing

¢ Universitat Stuttgart Jswa 13



Sorting and aggregation

iswa

14



Small shops

Universitit Stuttgart iswa 15




Informal repair and recycling shop in Tamale

Universitat Stuttgart
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Informal plastic recyclers in Tamale
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Impressions informal sector e-waste, scrap and car waste management

28.11.2019
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What is the informal
sector?




Definition
Definition of International Labour Organisation (ILO)

- existence of no or very low entrance barriers;

 use of local resources;

* mainly family enterprises or self-employed individuals;

* mainly small enterprises;

 use of relatively labour-intensive and adapted, local technologies;

* acquisition of required skills outside of the formal schooling system;
* unregulated markets with high competition;

* no access to (public) social security schemes and

* low income and low level of organization (unions)

51 Universitat Stuttgart iswa
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The informal waste sector (IWS) in low-and middle- income countries
Characteristics of People in the Informal Waste Sector

Mostly migrants, from rural areas, or from neighbouring areas

Child labour is common

Women of all ages participate actively in the IWS

Elderly individuals of retirement age that either do not receive pensions or the pensions
they receive are insufficient for their needs

Disabled individuals unable to find regular employment

22



Child labour

Universitat Stuttgart
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One third of economic activity

The hidden third

The informal sector, while shrinking, still represents up to a third of low- and middle-income countries’ economic activity.

(size of the informal economy by region, percent of GDP) (size of the informal economy by income level, percent of GDP)
50 50

0 0
Sub-Saharan  Llatin  SouthAsia Middle  EastAsia  Europe  OECD Low-income  Emergingmarket  Advanced
fica  America East and countries economies economies

o Mics mN1991-99 EN2000-09 mm 2010-17

Source: Medina, L, and F. Schneider. Forthcoming. International Monetary Fund, Washington, DC.
Note: OECD = Organisation for Economic Co-operation and Development.

28.11.2019
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Policy Implications of Measuring the Informal Economy
Why are policymakers interested in the informal sector?

ECONOMIC PERSPECTIVE SOCIAL PERSPECTIVE
« Economic growth and productivity » Provide employment and income to
* Low productivity and low tax revenue persons who might otherwise be
* Limit the government’s ability to spend on unemployed
social programs and invest in public

* Lower and uncertain income
goods
» Exclusion from social protections

* Inequality and poverty

51 Universitat Stuttgart iswa




Hidden opportunities of the informal economy

e https://www.youtube.com/watch?v=d0a0eXJ5TJM

Universitit Stuttgart
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Misconceptions about the Informal Waste Sector

« Myth # 1. Informal recycling is a recent phenomenon

« Myth # 2: All scavengers are indigent and extremely poor

« Myth # 3: Scavenging is a marginal activity

« Myth # 4. Scavenging is a disorganized activity

« Myth # 5: Scavenging has a minimal economic impact

« Myth # 6: Scavengers are a nuisance that must be eliminated

« Myth # 7. Scavenging has no place in modern waste management systems

28.11.2019
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The informal waste sector in low-and middle- income countries
Main Activities

* Informal waste collection

28.11.2019
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The informal waste sector in low-and middle- income countries
Main Activities

 Informal recovery of recyclables

28.11.2019 31



The informal waste sector in low-and middle- income countries
Main Activities

. Informal recovery of recyclables (Picture: Northern Region, Tamale, Ghana)

28.11.2019
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The informal waste sector in low-and middle- income countries
Main Activities

* Manufacturing activities

28.11.2019 33



The informal waste sector in low-and middle- income countries
Main Activities

* Provision of services

34



Types of informal waste workers

* Itinerant waste-buyers, who go from door to door and collect and buy recyclable
materials

- Street waste-pickers, who recover recyclable materials from mixed waste on the streets

* Municipal waste collection crews, who recover recyclable materials while transporting
them to disposal sites

- Waste-picking at dumpsites
- Middlemen or informal traders/small junkshop/workshops

 Informal dismantlers (e-waste, scrap, cars)

28.11.2019 35



Problems related to the informal (waste) sector
Impacts

- Poor working and living conditions
* Production taking place outside the regulated economy
- Driving child labour, school absences and incomplete school education for adults

« Health (lack of protective clothing or equipment, lack of water and sanitation
infrastructure)

« Suffer the social stigma, subjected to harassment, self-perception

- Data: The part of the economy that is missing or not easily covered in official statistics

5 Universitat Stuttgart iswa 36




Dangers
Upper East Region, Ghana

Universitat Stuttgart
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Benefits related to the informal (waste) sector

Financial contribution, income generation

Cost reductions to formal waste management systems e i

Job creation: informal waste management systems generate between ten and forty
times more jobs than systems in a high-income country (Linzner and Lange (2013))

Collection/retreiving of valuables works good, for e-waste better than in the formal
sector

Contribute significantly to recycling rates in low-and middle-income countries (up to
45% of the generated waste (in some cases even more))

Contribution in waste management: China: 17-38%; Mali 100%

Universitit Stuttgart Jswa 38




Integrating the
Informal sector:

approaches,
examples, impacts




Policy making for the informal sector

* Measures to include this sector in waste
management systems are necessary

« Can effect informal sector positively or
negatively

* major element: raising awareness of political
decision-makers
 Action learning

* Integration of IS in waste management
planning

£ Universitat Stuttgart

Poliey making for Golid Waste Managemant sheuld wetude all relevant staketolders

dswa
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Strengthening the informal sector as an economic actor
Strong informal workers are stable entrepreneurs and reliable partners
* Require the same (technical, financial and

management) capacity and services as formal
enterprises

* mostly excluded because they lack the
necessary legal status

« Examples:

 technical processes and quality control
 health and safety and environmental standards

* business management

» access to credit or loans

» networking with stakeholders from the formal
private sector

Universitit Stuttgart Jdswa. 41



Strengthening the organisational capacities of the informal sector

* Informal waste sector organisation forms: community-based organisations,
cooperatives, associations, labour unions, etc.

- Creating an identity for their members (“environment professionals”)
 Support for their members in establishing networks and exchanging experience

* Provision of services to members such as access to micro-credit, health insurance,
training, opportunities to exchange experience

* Awareness raising of public authorities (“the invisible sector becomes visible”)
- Representation of members’ interests

- Official partners of municipalities for provision of services and collaboration (integration of
|S)

Universitit Stuttgart iswa 42




What i1s e-waste?




What is e-waste?

* There is global inconsistency in the understanding and application of the term “e-
waste” in both legislation and everyday use

 Electrical and Electronic Equipment (EEE): “Any household or business item with
circuitry or electrical components with power or battery supply.”

- WEEE (WasteEEE) or E-waste: “E-Waste is a term used to cover items of all types of
electrical and electronic equipment (EEE) and its parts that have been discarded by the
owner as waste without the intention of re-use.”

6/30/2023 48



WEEE Directive European collection groups

I

Temperature exchange equipment
Screens and monitors, and equipment containing screens having a surface greater than 100 cm?
Lamps

Large equipment (any external dimension more than 50 cm) including, but not limited to:
Household appliances; IT and telecommunication equipment; etc.This category does not include
equipment included in categories 1 to 3.

Small equipment (no external dimension more than 50 cm) including, but not limited to: consumer
equipment; equipment reproducing sound or images, musical equipment; etc.

Small IT and telecommunication equipment (no external dimension more than 50 cm)

] _— &
] D y & @ ﬁm =

6/30/2023
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Global e-waste generation in 2019

E-waste documented
to be environemtaly
sound managed

9
T Mt

E-waste treatment
unknown

6/30/2023 50



Pollutants

Contaminant

Relationship with e-waste

Polybromenated diphenyl ethers (PR-
DEs) polybrominatod biphenyls (PRRs)
tetrabromobisphenol- A (THEPA)
Polychiornated biphenyls (PCH)
Chiorofluorocarbon (CFC)

Polycyclic aromatic hydrocarbons (PAHS)

aromatic

Polyhalogenated hydrocarbons
(PHAHSs) Polychironated dibetzo-p-diosins
(PCDDy), polychionnated dibenzofurans

(PCDFs)
Americium (Am)
Anttmony
Arsenic (As)
Bartum (Ba)
Beryllium (Ie)
Cadmium (Cd)
Chromitum (Cr)
Copper (Cu)
Galltum {Ga)
Indum (In)
Load (Ph)
Lithium (LD
Mercury (Hg)
Nickel (Ny
Selentum (Se)
Siver (Ag)

Tin (Sn)

Zinc (Zn)

Rare carth elements

Fume rtacdants ‘ Flame retardants

Condensers, transformen

Cooling Units, insuiation foam

Product of low temperatuse combustion
Product of low temperature combustionof
VGs and other

Smoke detectors

Pame retardants, plastics

Doping matertal for Si

Getters in cathode ray tubes (CHT
Stticon-controlled rectifiers
Battortos, toners, plastics

Data wpes and Boppy dises

Auorescont lamps, batterios, switches
Ratterios

Rectifiers

Wiring, switches

Solder, LCD scroens

CRT screens

.....

-:..‘. S

" Universitét Stuttgart

Organic chlorine compounds

Phthalates

Metals and heavy metals
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Valuable materials in e-waste

Mining E-Waste Gold

Potential value and volume of raw materials in e-waste worldwide 2016
Value Volume
(in billion euros) (in kilotons)

Aluminum

[F—
Iron - 3.6

Palladium - 34
Silver . 0.9

O@Snm@m@n‘ Source: ITuU Statism 5

6/30/2023 52



Quantities placed on the market, collection quantities and rates of WEEE in
Germany

in tons and %

3,000,000 2,847,926 7] 10
2,800,000 [ ]
2,590,244
2,600,000 65
5 400.000 2,375,643
2,200,000 2,081,223 60
2,000,000 1,897,480 1’951989 ]
1,776,492 1.713.902 —
1,730,794 _ 1,713,
1,800,000 \*"77 ™ - 1,669,939 ——m= ) g 55y 7| 55
1,600,000
1,400,000
50
1,200,000
1,000,000 [ =) w5 ) o f=
800,000 | @\ o — | —— 2 = = —
600,000 — = ] —
400,000 — ey . _| 40
200,000 — in Verkehr gebrachte Mende Sammelmenge ggsamt =—— Sammelquote| (WEEE-II-RL)f B
0 L__r | T“ 35

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Take back rate = Tacke back quantity * 100/ (Mean value of the quantity placed on the
market of the three previous years)
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Binding duties of manufacturers in Germany

Taking back old appliances from the public waste disposal authorities

Reporting of WEEE taken back, reused and recovered in a joint place

Establishment of a joint collection point for WEEE

Notification of the quantities placed on the market

Treatment and recycling of e-waste

6/30/2023
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Collection and registration logistics

Targets:

High collection rate

Possibility of reuse

Minimisation of transport damage
Optimisation of transport (short transport
routes and suitable means of transport)
Traceability of material flows Possibilities
for a continuous improvement of the
processes for those involved in
operations

Quelle: VDI

private commercial individual/joint collection
end-user end-user system
A
pick-up or bring-back <h.
system
M M M
A Y Y Y Y
ublic waste disposal
B %] - distributor ———p producer
representative
group |1 2I3I4[5
M
Y ;
treatment plant
Y
waste management
facility
A Y \J Y Y
recovery material recovery energy recovery removal
6/30/2023 57




Collection and registration logistics

BRING BACK SYSTEMS PICK UP SYSTEMS

In bring-back systems, WEEE is brought to WEEE is picked up by collection vehicles

the collection point by the last owner » Bulk waste-accompanying collection or

* Collection at recycling centres front-door pick-up
« Used electrical and electronic products « Take-back by distributors (collection when
truck delivering new equipment)

» Depot container collection

Universitat Stuttgart Jswa. 58 6/30/2023
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Transport and Handling
Group 1: Large domestic appliances, vending machines

SUITABLE FORM OF COLLECTION UNCIUTABLE FORM OF COLLECTION

« covered roll-off container: Damage to * non-covered container. Damage is
equipment is avoided, re-use is possible, unavoidable, release of hazardous
container is covered. components, re-use impossible.

=
- = -
-

Universitit Stuttgart Jdswa.



Transport and Handling
Group 2: Refrigerators

SUITABLE FORM OF COLLECTION UNCIUTABLE FORM OF COLLECTION
« covered roll-off container: Damage to * non-covered container: possible damage
equipment is avoided to refrigerant circuits; items are

contaminated with leaking coolant

Universitit Stuttgart »jsawa,
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Transport and Handling

Group 3: Information and telecommunication equipment, entertainment
electronics equipment

SUITABLE FORM OF COLLECTION UNCIUTABLE FORM OF COLLECTION
 covered skips * non-covered roll-off container: The
shifting cargo leads to massive

destruction.

Universitit Stuttgart »jsawa,
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Transport and Handling
Group 4: Gas-discharge lamps

SUITABLE FORM OF COLLECTION UNCIUTABLE FORM OF COLLECTION

* post pallets * cartons

.....

Universitit Stuttgart “jﬁ‘!@ ‘




Transport and Handling
Group 5: Small domestic appliances, lamps, electric and electronic tools, toys,
sport etc.

SUITABLE FORM OF COLLECTION UNCIUTABLE FORM OF COLLECTION

* items sorted in mesh boxes * loose in bulk

Universitit Stuttgart Jdswa.
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Disassembly methods
Separation of compounds

disassembly methods

example
undoing bolted
connections

reacting to the object

tools for existing
effective surfaces

|

many specific
tools

example | sxample
drilkng out nveted | cutting electric
connections | connections
acting on the object
tools independent of existing
effective surfaces
a few flexible tools reduce the need to
change tools

..........

: Universitidt Stuttgart

» separation of harmful substances and
components

 recovery of functional modules and
components
 enrichment of recyclable materials

 recovery of materials that cannot be
separated through process engineering

Non-destructive disassembly: recovery of
components primarily for reuse

Destructive disassembly: offers greater
flexibility

Semi-destructive disassembly: accepts
damage to or spoilage of low-value parts
such as connecting elements

Jdswa 65
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Disassambly- Classification of separation methods

separation
T I I I I
of multi-body of solid bodies or of solid or loose layers of formless enveloping of mixtures of
systems multi-body systems on solid bodies or solid bodies or formless materials
I multi-body systems multi-body systems
non-destructively I locally destructively | desttcr’tt::ll‘i‘(lely | | |
[ |
into bodies or into part-bodies into formless material into into formless material into formless material into unmixed
smaller multi- or part-systems and possibly part- formless and solid bodies or outside solid bodies formless materials
body systems bodies or part-systems material multi-body systems or multi-body systems
I | —— | I I
—l dismantling ] —I fragmenting | —| chipping I —{ shearing | —{ decoating —l emptying I ] separating
o " : ; : decoating b: —{ suctioning_|
- sand-blasting | [ breaking | sandblacing SUelioning
E e | . | . . flow
Undolng ) splltt'ng _| meltlng | _‘{ ml"lng I decoating pouring out
tipping out > ;
i : 2 i mechanically
——{ ablatng | | tearing | grom
i . movement [ wringing out |
| g . s
flaking of
——{ dissecting | electrochem. |_outgassing |  chemically
_deooating
shreddin
*) Removing is subdivided into extracting, _| 9 | dg]gg;t?rlx - thermally
taking off, taking out, taking apart. _{ mashing l

**) Undoing is subdivided into unclamping, unfastening,
uncoupling, unlocking, demoulding, unlatching,
disengaging, ungluing, unsoldering.

Universitat Stuttgart

VDI 2343 Part 5 Recycling (processing technology)
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Preparation techniques

* Preparation of e-waste or fractions comprises their
crushing, sizing, and sorting in corresponding
preparation plants.

1. Separation of harmful or undesirable materials

2. Creation of flows of material for the purpose of
recycling and/or non-harmful disposal

Universitat Stuttgart

iswa
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Composition in % by weight

Components Collection Collection Collection group 3 Collection Collection
roup 1 roup 2 roup 4 roup 5
grovp gop without VDUs only VDUs arove wete
Iron and steel 60 to 75 60 to 70 30 to 40 5t0 15 1 251040
FRIGHTUSARGTAR, HIGHIEEaS 10to 15 3t05 10t0 15 2105 1 51010
composites, stainless steel
Plastics 8to12 1510 20 30 to 50 20 to 30 1to5 30 to 65
Hard-faged pnnte'd-cwcwt <1 <1 3t08 1105 _ <5
boards, incl. precious metals
Harmful substances <1 <2 <1 <1 <1 <1
Glass 5t0 10 <1 <2 60 > 90 <2
Other 11010 <5 1010 20 5 1104

(inert material, wood, etc.)

1 Large household devices
2 Cooling devices

3 IT and telecommunication devices

4 Lamps
5 Small household devices

iswa
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Requirements on preparation techniques

Requirements Collection Collection Collection group 3 Collection Collection
roup 1 roup 2 roup 4 roup 5
greap grote without VDUs® | only VDUs® grop groep
Legally-set material recovery quota? 75% 75 % 65 % 65 % 80 % 50 %
Removal of harmful substances
o} + 0 + o 0
Crushing for decomposition - + + o} + +
Extraction of single-variety plastic
. = + + + - +
fractions
Separation of circuit boards + - + + - +
Extraction of iron fractions - + -+ - 0 +
Separation of non-ferrous fractions - + + - + +
Extraction of glass fractions - + - - + -
— not possible/required o possible/required in certain cases + required
3 ElektroG ®) visual display units
Universitat Stuttgart iswa
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Preparation techniques
Crushing

matedal input

rotor with hammers

material
input

QX
€

P
PP Flauwei2) Shrmader Machine/plant | Areas of application
i Rotary shear pre-crushing, e.g. for refrigerators, cath-
'":"‘ l ode-ray tubes
1 1 3 3 »
Shredder, crushing and material separation,
' impact mill e.qg. for larger household devices,
— K . .
= b separated circuit boards, VDU glass,
- printers, vacuum cleaners
screen umt {/L\B‘ ___— rolor knile - - -
\\ L Cross flow crushing and material separation,
\ /\7 B = pulvarizing chamber " . 2 :
N < —7 cutting unit e.q. for refrigerators, printers, vacuum
A s of rotation output \\:/__ -~ sereen et cleaners
special —/ o . .
alements - drive ‘ Cutting mill follow-up crushing, e.g. for cables
Figure 3. Cross flow cutter R0 and plastics

Figure 5. Cutting mil
Universitat Stuttgart
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Preparation techniques
Sizing

* two procedures are used in industry: screen sizing and
flow sizing

material input

Figure 6. Screen sizing principle

Universitit Stuttgart

iswa
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Preparation techniques
Sieving

Sizing procedures

Screen machinery

Areas of application

Advantages/disadvantages

Stationary grates and
screens

coarse source material

very robust, high throughput rate, low costs; separation is
not precise

Mobile grates (rolling
grates, rod sizers)

coarse source material

poorly suitable for rod- or board-shaped material

Rotating drum screens
{schematic sketch see
Figure 7)

coarse to medium source material

simple design, vibration-free operation; minimal height dif-
ference, difficult to exchange the screen tray; high energy
consumption, minimal self-cleaning effect, danger of block-
ages, large overall length (footprint)

Throw screens and flat
screens (oscillating
screens, tumbler screens,
ballistic screens)
(schematic sketches see
Figure 8 and Figure 9)

not hard-to-screen material

(energized screen casing)

hard-to-screen material
(energized screen tray)

low investment costs: need for frequent cleaning
low maintenance requirements, high level of wear and tear
particle-form separation (ballistic screen)

Universitat Stuttgart

Jdswa.
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Preparation techniques
Sorting

[~}
Iool° I
. o
NL L
Figure 12. Principle of operason al eccentric and cancentnc
eddy current separalors

L conductor
NL  non-conducior

- oM
i

Figure 10. Principles of operation for separation offected via
drum-0esign magnets separalors

Fu  magnelic force

M magnetc

UM non-magnetic

repectad pasied .

hatenal materasl
Figuee 14, Layout ang ponciple of an automalic soner with con-
vayor bell - cptical sensor combined with inductive sensor

|M‘[ 1 ‘”' -
Figure 15, Opemting principlo of sink-floal sorting

Procedure Machine unit Area of application
Sorting in magnelic Neid overbed magnetic saparaton of iron (Fe) and bulk matertal with iron content from con-
separator veyor-Delt systems; separation of matarials with higher lron content of
small and madum particle size
drum-design magr sep and of iron {Fe) and bulk material wah iran content
separato in preparation processes; separation of maserials with higher iron con-
tent which, by reascn of particle size. shape, and wear require direct
material contact
appropnale for highar wokima and mass fows
00y -CUrent separalor Separation of non-leerous (NF) metals and composses in praparaton
y NF separator comes of the magnetic separator,
Principle of ) ductivity/density ratic, giving a high yleld o
magnesium and copper
Sorting n electrical Nedd induced-roll separaiod SEparnton of alectncal conducton BNd NON-coNJuCIars as well as male-
rinls with dterant electrical load potential; retrieval or separation of
(dry) undersize matals in the range of 0 mm 1o & mm
Sensor-supported sorting with | NIR sensor separation and retriovad, from mixed flows, of plastics - according 1o
' picking p d polymer type and composite type {matatplastic) ~ and also non-lercus
metals
Induction sorting SR0arIion and retieval of plastics and melais from mibosd Nows
X-ray sorting separaton and reineyvad of plastics and glass according 1o material-
speciic density, regardiess of particle 520, parscle shape, plece woight,
or surface colour
Sarting by density sink-foat process separation of plastics and metals in & wel mechanical process based on
the materials’ differant densities
separating tables praparason of cabes, separation of metals
(phaumatic tables,
wat washing tables)
Inertia force sep yok separaion of Iight and heavy material from fine fractions
classitiar separaton of Ight and heavy malesial

dswa 76




Material flows resulting from preparation

Table 12. Recycling and removal paths

Fraction Examples of recycling or
removal paths

Ferrous melals | steetworks, non-ferrous smefteries,
foundries

Non-ferrous aluminium foundries, copper smelleries,

malals refineries

Glass glassworks, construction industry

Plastics extrusion companies, granulation compa-
nies, waste-to-energy power plants and
other power plants, cement works, petro-
chemical industry

Light shredder | waste-tc-energy power planis, other power

fraction plants, cement works

Circuit boards | manutacture of copper and precious
metals (usually foundries)

Other waste-fo-energy power plants and other
power plants, construction industry,
backlilling

CFCsMHCFCs/ | high-temperature combustion or decompo-

HF Cs/hydro- sition plants, recycling plant for hydrocar-

carbons bons

dswa
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