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ARTICLE INFO ABSTRACT

Handling Editor: Giovanni Baiocchi Informal electronic waste (e-waste) recycling plays a significant role in e-waste management in developing
countries, such as Ghana, where over 90% is handled by the informal sector. However, the informal treatment of

Keywords: e-waste poses a risk to human health and the environment due to the release of toxic pollutants. There is a lack of

E-Waste data on e-waste management and informal processing, and the material flows of output fractions and the fate of

Informal sector
Informal recycling processes
Ghana

hazardous fractions are largely unknown. This hinders the development of appropriate management strategies.
Herein, Material Flow Analysis (MFA) was used to investigate five important informal e-waste recycling pro-
cesses, and risk analysis was used to evaluate environmental, economic, and health safety. On average of all
assessed processes, 40.3% of the emerging fractions are landfilled or burned whereof the processing of ICT
appliances (desktop PC, laptops and phones) (P1) contributes with 19.4%, CRT appliances (P2) with 11.7%,
compressors from cooling appliances (P3) with 0.1%, microwaves (P4) with 1.3% and printers (P5) with 7.7 % to
the landfilled or burned fractions. The risk assessment showed that there are considerable risks in environmental,
economic and health safety for all processes. When considering the overall risk assessment across all categories,
the priority for action to have the most substantial impact is as follows: P2>P5>P3>P1>P4. The key findings of
this research focus on the assessment of the so far not known informal e-waste process workflows, the identi-
fication of emerging fractions, the remain of potentially hazardous fractions and the identification of the primary
economic drivers in informal e-waste dismantling. Recommended action areas involve the incorporation of the
informal sector, guided by the insights derived from the MFA and risk assessment. The results of this study are of
importance for addressing the challenges faced by the informal sector and for making well-informed decisions
when strategizing e-waste management infrastructure.

generated in Africa is 2.5 kg, much lower than that in Europe (16.2 kg
per capita). However, only 0.9% of the e-waste that undergoes formal
collection and recycling in Africa has been documented, and little is

. . . known about the treatment of e-waste in the informal sector (Forti et al.,
Electronic waste (e-waste) is the fastest-growing waste stream 2020)

worldwide (Forti et al., 2020). Developing countries are experiencing an
increase in the volume of e-waste due to population growth, increasing
prosperity, and increased demand and supply of electrical and electronic
equipment (EEE) (Asante et al., 2019; Daum et al., 2017; UNEP, 2018).
E-waste in African countries accounts for 50-85% of the e-waste
generated in Africa, while illegal imports make up the rest (Baldé et al.,
2022; Schluep et al., 2012). West African nations, in particular Ghana
and Nigeria, exhibit a notable level of direct imports of used EEE. This
serves as the primary channel for the introduction of functional used
EEE and e-waste into the African continent. (Odeyingbo et al., 2017;
Schluep et al.,, 2012). The average annual per capita of e-waste

1. Introduction

E-waste encompasses both hazardous and valuable materials. Given
the substantial intrinsic value of valuable materials like copper,
aluminium, iron and gold found in e-waste, recycling for the purpose of
recovering these components is attractive. However, electronic products
are not engineered to facilitate the efficient retrieval of these materials
or their safe disposal (Heacock et al., 2016). The environmentally sound
end-of-life management and treatment of e-waste requires high tech-
nical standards because of the hazardous chemical compounds found
within them. Unregulated treatment threatens the environment, eco-
systems, and human health through the potential release of pollutants,
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Abbreviations

EEE Electrical and electronic equipment

e-waste Electronic waste

CRT Cathode ray tube

ICT Information and communication technology
MFA Material flow analysis

PCB Printed circuit boards

such as heavy metals, flame retardants, and dioxins (Achillas et al.,
2013; Kyere, 2016; Tsydenova and Bengtsson, 2011). These high tech-
nical requirements are not met by most developing countries, and reg-
ulations for environmentally sound treatments during the recovery of
valuable fractions and the enforcement of these regulations are lacking
(Ikhlayel, 2018; Tsydenova and Bengtsson, 2011). Lack of appropriate
infrastructure for secure processing results in the informal sectors
involvement where crude recycling methods such as manual disman-
tling, draining, open burning, and dumping of residues are adapted
(Amoyaw-Osei et al., 2011). These methods generate substantial envi-
ronmental pollution and cause severe health hazards, including the
bioaccumulation of toxic materials due to high exposure to chemicals
(Igharo et al., 2014). The distribution of pollutants through the air,
waterbodies, and dust leads to them spreading, which may cause harm
to areas beyond where the informal e-waste processing occurred
(Septlveda et al., 2010).

1.1. The informal e-waste sector in Ghana

The informal sector plays a major role in waste management in most
developing countries such as in Ghana, in terms of economic develop-
ment, innovation, adaptability, job creation, poverty alleviation, and
environmental management (Oteng-Ababio et al., 2014). It consists of
small-scale enterprises, is labour-intensive and often low-paid, uses
adapted technology, and is described as unorganised or unplanned and
unregistered or unregulated work (Wang et al., 2020; Wilson et al.,
2006). In Ghana, 93-97% of e-waste collection and recycling occurs in
the informal sector, specifically in unregulated scrapyards, such as the
Agbogbloshie Scrapyard (Amoyaw-Osei et al., 2011; Kyere, 2016;
Schluep et al., 2012). However, the informal sector is important because
of its scale, wide geographical spread, and network-like structure, which
yields high e-waste collection rates (Amoyaw-Osei et al., 2011). E-waste
is usually purchased by the informal sector through itinerant waste
buyers who perform door-to-door collection or purchase e-waste from
households, businesses, or public institutions (Amoyaw-Osei et al.,
2011; Forti et al., 2020; Kumi et al., 2019). Ghana’s e-waste manage-
ment sector comprises a countrywide network of informal collectors,
intermediaries, scrap dealers, and dismantlers that specialise in manual
disassembly, with the same techniques and structures (with some vari-
ation) being adopted throughout the network (Kumi et al., 2019).

Informal e-waste management represents an important source of
income for the local population, where waste pickers earn far more than
the minimum wage in Ghana (Oteng-Ababio, 2012). About 93% of the
informal waste workers are from the northern part of Ghana, where most
of the population lives below the poverty line of $1.25 a day (Akormedi
et al.,, 2013; Asibey et al., 2022; Oteng-Ababio et al., 2013). Under
consideration of the Sustainable Development Goal 1 by the United
Nations: End poverty in all its forms everywhere, extreme poverty where
people live on less $1.25 a day needs to be eradicated until 2030 (UN
DESA, 2023).

The informal sector is often viewed negatively in many countries.
However, it’s important to recognize that informal recycling systems can
be highly effective (Oteng-Ababio, 2012; Wilson et al., 2006). In
developing countries, it’s crucial to recognize that simply replicating
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waste management approaches from more economically developed
countries may not be suitable for all contexts (Wilson et al., 2006). To
encourage decision makers and the public to transition from their
dismissive and unfavourable views of the informal recycling sector to
approaches that include constructive integration with the formal waste
management system, it’s vital to assess and comprehend the economic,
social, and environmental advantages that emerge from informal recy-
cling (Wilson et al., 2006, 2013). To facilitate integration, one effective
approach is to collaborate with the informal sector, aiding them in
self-organisation and adding value to their recycled materials, ulti-
mately extracting higher value from recovered materials (Dhillon and
Sandhu, 2017; Scheinberg et al., 2016; Wilson et al., 2006, 2013). From
this point of view, the informal sector in Ghana must be considered
when fostering sustainable waste-management practices and cannot be
neglected or eradicated in future.

A clear legal framework for collection and recycling, the Hazardous
and Electronic Waste Control and Management Act 917 (2016), the
Legal Instrument (LI) 2250 (2016) and the Technical Guidelines (2018),
was passed by the Ghanaian government to systematically address these
realities (Kumi et al., 2021; Lambert et al., 2018; Republic of Ghana,
2016). Ghana’s informal sector should participate in environmentally
sound e-waste management initiatives for collection, aggregation,
dismantling, recycling, and final disposal by obtaining an environmental
permit from the EPA to carry out these activities (Lambert et al., 2018).
However, strategies that incorporate the informal sector are rare, and no
practical approach has been proposed (Kumi et al., 2021).

1.2. Problem statement and barriers for sustainable e-waste management

The informal handling of e-waste and recycling activities present
significant health hazards and contribute to environmental pollution. At
the same time, the informal sector helps fill a critical gap in e-waste
management infrastructure, as the presence of e-waste in the informal
setting and on landfills highlights the absence of formal recycling fa-
cilities (Amankwaa, 2014; Owusu-Twum et al., 2022).

Having reliable data on the quantities and movement of e-waste is
indispensable for assessing development strategies, and establishing and
implementing sustainable management approaches (Forti et al., 2020).
However, large data gaps related to e-waste management in the informal
sector in Africa exist (Forti et al., 2020; Liebmann, 2015; Maes and
Preston-Whyte, 2022). Most studies on the impacts of e-waste recycling
were conducted in Asia, particularly India and China. Consequently,
data for the African context is scarce (Heacock et al., 2016; Septilveda
et al., 2010; UNEP, 2018). Currently, official statistics, sales numbers or
other data suitable for calculating the mass and material flows of e-waste
and its fractions after treatment do not exist for Ghana (Forti et al., 2020;
Kumi et al., 2019). Therefore, the volume and remain of valuable ma-
terials and hazardous fractions after e-waste is informally dismantled is
largely unknown. Management and recycling strategies and the output
fractions of e-waste recycling vary depending on the type of e-waste
being recycled and a sustainable e-waste management system requires
recycling methods that are tailored to the specific needs of a region (Liu
et al., 2023; Van Yken et al., 2021).

As a result, the lack of robust data that both, the private and public
sectors can use, hinders the planning, financing, and development of
environmentally responsible e-waste processing initiatives. This gap in
data, including the activities of the informal sector, has been noted in
various studies (Daum et al.,, 2017; Forti et al., 2020; Maes and
Preston-Whyte, 2022; Shittu et al., 2021). Furthermore, tools like Life
Cycle Assessment (LCA), which are crucial for quantifying the envi-
ronmental impact of products, require detailed and quantitative data on
associated processes. Unfortunately, such data is often lacking in the
informal sector, causing uncertainty for decision-makers seeking to
address environmental and health concerns associated with informal
e-waste management while adhering to circular economy principles
(Kahhat and Williams, 2012). To make informed decisions, a
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comprehensive understanding of informal e-waste recycling processes
and their interconnections along the entire chain is essential.

Further major key barriers that affect the adoption of sustainable e-
waste management are economic and financial limitations, international
trade treaties, the lack of environmental laws and regulations and lack of
appropriate infrastructure (Adanu et al., 2020; Chen et al., 2020; Islam
and Huda, 2019). Most of the named barriers are ground in the lack of
data and knowledge about the informal e-waste treatment system
(Ismail and Hanafiah, 2021; Wang et al., 2013). This emphasizes the
importance of generating and evaluating data of informal e-waste
treatment processes for effective management. To maximize the impact
on system enhancement taking into account the limited availability of
resources in developing countries, it’s crucial to identify specific pro-
cesses or fractions responsible for the most severe impacts.

1.3. Objective of the research

This study addresses the issue of lack of available data in the informal
e-waste recycling sector in Ghana. Its primary goal is to provide essential
data, serving as a foundation for informed decisions concerning the
enhancement of the informal e-waste recycling sector through integra-
tion, specifically for the assessed processes. Integrating the informal e-
waste sector holds significant importance, offering both efficiency in
resource recovery and income opportunities for impoverished commu-
nities (Oteng-Ababio, 2012; Wilson et al., 2013). Nevertheless, a pivotal
question remains: Can this integration extend to all facets of e-waste
recycling? Unlike other waste streams, the informal recycling of e-waste
presents formidable environmental and health risks, chiefly due to the
release of hazardous pollutants.

The essential data is assessed through field studies, supporting the
MFA approach and risk assessment, which can assist stakeholders and
decision makers in Ghana in formulating sustainable e-waste manage-
ment strategies that prioritize the integration of the informal sector. In
particular, we address the following main objectives within our study: a)
Identifying and modelling of local informal e-waste treatment processes
and waste fractions with the highest environmental and health impacts;
b) Examining resource gaps that hinder circular economy pathways; c)
Identifying the financial driving force within the informal sector and
assessing its sustainability; d) Providing basic data to support stake-
holders and decision makers in management strategies and integration
of the sector.

The selected recycling processes and technologies are common pro-
cesses in the informal sector and occur in all scrap yards in Ghana in a
similar way. Thus far, the dataset included here is the only one that
depicts selected processes and dependencies in the informal sector in
Ghana, providing relevant data for initiating an environmentally sound
e-waste management system.

2. Materials and methods

In this research, we adopted a mixed-method approach, integrating
quantitative techniques like sorting analysis with qualitative methods
such as participant observation and interviews (Creswell and Creswell,
2017). The use of quantitative and qualitative data analysis methods
ensured a thorough assessment of informal e-waste recycling practices,
leaving no important aspects unexplored. Our research’s methodolog-
ical framework collectively contributed to a robust analysis of informal
e-waste recycling, enabling informed decision-making for sustainability
in this specific context. This approach consists of four steps: (1) selecting
which device-type recycling processes should be assessed based on a
literature review and field studies, (2) conducting surveys and in-
terviews in the informal sector based on participant observation, (3)
sorting analysis of e-waste devices in the informal sector, and (4) data
analysis in form of a Material Flow Analysis (MFA), an economical
assessment and risk assessment for sustainability risks, (5) evaluation of
the results.
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2.1. Selection criteria for processes

Numerous types of e-waste are treated in Ghana’s informal sector.
Informal workshops usually dismantle only a specific type or device
group of e-waste (Amoyaw-Osei et al., 2011). The study area included
50 small, informal workshops performing specific device-type recycling
processes. These workshops were representational as the e-waste treat-
ment technology is typical for local informal e-waste dismantling. The
technologies used are the same countrywide, since the informal sector is
well connected among each other (Amoyaw-Osei et al., 2011; Asibey
et al., 2022; Kumi et al., 2021). Data was collected at informally oper-
ated scrapyards in Accra and Kumasi (Fig. 1).

In the pursuit of assessing the informal e-waste system and its im-
pacts, the choice of device-type recycling processes for assessment in
this study was crucial, with the selection process guided by specific
considerations. Given that certain processes yield limited stream vol-
umes and some e-waste categories are less commonly encountered in
Ghanaian scrapyards, a literature review and participant observation
field study were conducted to gather comprehensive information about
the end-of-life devices that enter the informal sector. The criteria for
selecting processes were as follows: The selected processes must a) be
performed frequently and, therefore, produce a considerable volume; b)
have a major economic influence on Ghana’s informal sector; and c) be
environmentally relevant or pose health threats.

The process selection was also intended to reflect the spectrum of
local collection groups by representing at least one of the local recycling
system-relevant devices in each group. Legal frameworks and collection
groups generally do not participate in the informal sector. However, the
existing legal framework should be considered for the subsequent
management. The collection groups in Ghana are defined in Act 917, the
LI 2250 and “Technical Guidelines on Environmentally Sound E-Waste
Management for Collectors, Collection Centres, Transporters, Treatment
Facilities and Final Disposal in Ghana“ (Lambert et al., 2018).

This study investigated five important informal e-waste recycling
processes (Table 1). First, ICT dismantling is popular in the informal
sector because of the valuable metals, printed circuit boards (PCBs), and
spare parts found in the devices. Second, cathode ray tube (CRT) devices
dismantling is common in the informal sector but will likely decline
because CRT devices are no longer being produced. This process poses
health risks and produces environmentally relevant substances, such as
lead glass and brominated plastics. Compressor dismantling from re-
frigerators and ACs. This is the most common process in Ghana’s
informal e-waste sector. The release of oil to the environment is likely
during this process. Fourth, the processing of household devices is pre-
dominantly represented by microwave dismantling in Ghana. Larger
household appliances such as washing machines and electrical stoves
are not widely spread within the normal population and even decrease
by 70% the more rural the area gets (Amoyaw-Osei et al., 2011). Finally,
printer dismantling is performed in large quantities, releasing ink and
cartridges with high pollution potential. In this study we focused on the
locally used electrical and electronic devices and therefore locally
generated e-waste, as there is no conclusive evidence suggesting a direct
flow of e-waste from ports to scrapyards for recycling purposes. Typi-
cally, e-waste undergoes repair or utilizes spare parts before being
recycled. This viewpoint is corroborated by the “Person in the Port
Project,” which indicates that the primary motive behind importing
e-waste to Nigeria is for reusability, owing to the greater market value of
refurbished products compared to recycling in the originating country
(Odeyingbo et al., 2017).

2.2. Data collection

In this section, we outline the methodology employed for our field
study and participant observation, a critical component of our data
collection process. To develop data collection and qualitative interview
guidelines, the results obtained from the observations and activities of
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Fig. 1. Study area: surveyed informal scrapyards in Accra and Kumasi.

Table 1
List of selected processes.

Process No. Process Name

ICT (Desktop-PC, Notebook and Phone) dismantling
CRT (-monitors and -TVs) dismantling

(Fridge and AC) Compressor dismantling
Microwave dismantling

Printer dismantling

g b wWwN =

participants were assessed, enabling a comprehensive understanding of
the informal e-waste system (Kawulich, 2005). The data obtained during
the field study are shown in Fig. 2.

2.2.1. Field study through participant observation

Participant observation is a qualitative method, well-suited for
recording and understanding processes in the informal sector, and it
provides the context for developing interview and sampling guidelines
(DeWalt and Kathleen Musante DeWalt, 2010). By combining partici-
pant observation with other qualitative and quantitative techniques like
interviews and sorting analysis, we aimed to enhance the overall validity
of this study.

During the observational phase, the researchers engaged in orienting
walks, dedicating a minimum of two days to acquaint themselves with
scrapyards and their surroundings before commencing data collection.
Ongoing informal recycling processes, interactions between workshops,

and the transportation of goods were observed and recorded. Relation-
ships with informal workers and workshop owners were established,
which is an important step in data collection within the informal sector,
as mistrust may lead to obtaining false data during interviews (Owu-
su-Sekyere et al., 2022). The data obtained from the participant obser-
vation were analysed. Based on this, an interview guideline and a rapid
data collection sheet for the processes were compiled.

2.2.2. Field study through interviews and measurement

During the second step of data collection, the researchers inter-
viewed 50 individual workshops involved in the various dismantling
processes of the e-waste value chain in scrapyards, focusing on the most
relevant workshops in terms of size and implementation. The interviews
were conducted primarily on workshop owners. Measurements of e-
waste with the researchers own equipment, encompassing weight, size,
and various attributes (Fig. 2), were conducted during and following the
dismantling process. These measurements served to validate the infor-
mation obtained through interviews and were recorded using a data-
entry sheet. The brief description of processes, the required time per
appliance, output fractions, the number of workers involved, safety
measures applied, and estimated total number of workshops required for
a process type at the scrapyard were noted. Also, the processes were
filmed to acquire a better understanding of the workflow. Material flows
between the workshops and economic parameters such as the purchase
prices of e-waste, cost of labour, and selling prices of output fractions
were documented. The data for Process 1 were collected separately for
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1. Interviews and field study:
50 informal actors/workshops of named process at
different scrapyards were assessed

2. Sorting Analysis:
175 e-waste units (approx. 500 kg) were sorted from 50
worksho ps at the Agbogbloshie scrapyard
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» General Data
* Geographic location of workshops (GPS)
*  Assessment of workshops and workers in a
process
* Applied safety measures
* Photo documentation and description of
process
» Specific Data
* Dimension of processed e-waste (size and
weight)
* Dismantling time per appliance
s OQutput fractions of processes (in kg)
*  Purchaseand selling prices of e-waste,
dismantled fractions and cost of labour
Actor's Perceptions
* Brand
* Prevalence of e-waste item
P « Estimated age of e-waste item
* Condition (spare parts retreived)
*  Popularity (most liked)

3. Data evaluation:
MFA and risk assessment for evaluation of processes for
environmental, economic, and health safety

Fig. 2. Data collected data during the field study.

mobile phones, laptops, and desktop computers, as those represent the
major composition of ICT devices according to our research in the pre-
vious participant observation. The reliability of the collected data was
enhanced by carrying out random crosschecks during field visits or
conducting supplementary interviews as necessary.

2.2.3. Sorting analysis of e-waste

A total of 175 e-waste units, corresponding to a total mass of
approximately 500 kg, from the 50 different workshops selected for the
field study were sorted. The age, brand, and popularity of the dismantled
e-waste devices were estimated based on the sorting analysis and
interview results. The participants’ perceptions of the prevalence, esti-
mated age (if the manufactured date was unavailable), condition
(whether spare parts were scavenged from the e-waste), and popularity
of each e-waste type were also assessed.

2.3. Data evaluation

The results obtained from the field study were methodically struc-
tured and subjected to analysis, involving the use of MFA, Microsoft
Excel for economic evaluation, and the assessment of age distribution.
This evaluated dataset is the foundation for the subsequent risk assess-
ment, which aimed to evaluate the sustainability risks associated with
the existing informal e-waste system.

2.3.1. Material flow analysis (MFA)

Material Flow Analysis (MFA) is a extensively studied and commonly
applied method used for characterizing the movement and accumula-
tion of substances or materials within a system (Brunner and
Rechberger, 2004; Duygan and Meylan, 2015; Ismail and Hanafiah,
2021; Sevigné-Itoiz et al., 2015). In this research, we employed a

simplified version of MFA, where a standardized input of one ton of
material was used to elucidate and enhance our understanding of the
output and residual fractions associated with the processes. Each
selected process acted as the system boundary. The data collected during
the field study, which included measurements of device weights and the
quantities of emerging valuable and waste fractions, served as the input
for the MFA. Weighted-mean average values were used to calculate the
average output fractions per process and device. Specifically, we scaled
the averages to represent one ton of input material. The outcomes of the
MFA regarding the emerging fractions, particularly concerning their
fate, whether they are collected for downstream processing, burned or
landfilled, are a significant factor in risk assessment process.

2.3.2. Economic assessment and age distribution of e-waste

The findings derived from the sorting analysis, interviews, and
participant observation were systematically organized and analysed
using Microsoft Excel. Additionally, economic data, encompassing both
revenue and costs, were computed for each individual process.
Furthermore, with regard to the age structure of sorted devices, average
ages were determined for each group. These outcomes play a critical role
in shaping the economic criteria used for risk assessment.

2.3.3. Risk assessment

Evaluating risks associated with e-waste treatment is essential for
sustainable e-waste management (Kazancoglu et al., 2022; Zhao et al.,
2015). Hence, a risk analysis was conducted to evaluate the hazards of
various processes and their acceptability concerning potential adverse
impacts on the environment, economic conditions, and health safety.

Our approach draws upon the works of Dumay and Hossain (2019);
Kazancoglu et al. (2022) and Wang et al. (2022), which emphasize the
significance of sustainability risk assessment in corporate settings,
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particularly in the realm of e-waste management. By incorporating the
principles outlined by Soyer et al. (2023), we were able to effectively
identify, evaluate, and summarise risk criteria associated with diverse
aspects of e-waste management. The urgency of the need for action for
the individual processes was derived from this outcome.

Our method employed a comprehensive approach, integrating data
from the field study in form of participant observation, interviews,
sorting analysis, literature review, and expert insights. It also integrated
the data evaluation, which entailed conducting MFA and economic
assessment. This comprehensive process was instrumental in the selec-
tion of relevant risk criteria. Criteria such as revenue generation, market
risk, disposal cost, ergonomic risk, accident risk, environmental toxins,
water pollution, air pollution, and soil contamination were meticulously
curated, aligning with findings by several studies as described in
Table 3.

Risks were meticulously evaluated through the application of a5 x 5
risk matrix (Table 2). We employed a comprehensive scoring system,
aligning the likelihood and impact of each risk criterion within the
matrix, based on the severity and probability of adverse effects. The
researchers derived score ratings by analysing the data obtained through
the field study and its subsequent evaluation based on the specified
criteria. The final step involved summarising the risk ratings for each
assessed process, categorizing the outcomes per category, including
economic safety, health safety, and environmental safety.

This approach enabled us to gauge the urgency of action required for
each process, ensuring a more targeted and effective sustainability
management strategy. It is important to note that this methodology,
while comprehensive, operates within the qualitative realm of sustain-
able risk assessment, and as such, involves inherent uncertainties and
subjectivities. Despite these limitations, the method provides a robust
framework for the holistic evaluation of sustainability risks associated
with e-waste management, thus facilitating informed decision-making
and proactive risk mitigation strategies.

3. Results
3.1. General description of the informal recycling system

Dismantling activities occur in informal workshops led by owners
who employ young men to conduct the dismantling activities. Owners
supervise the dismantling and are responsible for buying and selling e-
waste and its output fractions. Ongoing dismantling activities depend on
the availability of e-waste and are conducted mainly in the morning,
when temperatures are cooler. E-waste from door-to-door collection is
stored until it has both accumulated to a large quantity and is worth the
labour cost for dismantling. Valuable fractions in the informal sector
primarily include copper, brass, iron, aluminium, and all types of high-
grade PCBs. There is no separation of different copper qualities. Several
traders collect and store the fractions in a centralised collection area
until a large quantity is reached. Large trucks and transport vehicles
with access to the storage areas then transport the fractions to the formal
sector, where they are traded for exports, with the exception of iron,
which remains in the origin country. Leaching of PCBs to extract
precious metals such as gold or platinum was not observed in Ghana’s
informal sector. PCBs are separated according to the type of device from
which they originate. Collection of valuable fractions is efficient and has

Table 2

Risk matrix (5 x 5) used.
Likelihood/Impact Negligible Minor Moderate Significant Severe
Very unlikely 1 2 3 4 5
Unlikely 2 4 6 8 10
Possible 3 6 9 12 15
Likely 4 8 12 16 20
Very likely 5 10 15 20 25

Table 3
Definition of used criteria for the risk assessment for each category based on
considerable criteria for e-waste dismantling given in literature.
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Risk criteria Category Definition of Literature source
criteria
Cl Revenue Economic Indicates the (Cucchiella et al.,
generated safety economic impact ~ 2015; Mairizal
on the et al., 2021;
availability of Streicher-Porte
devices et al., 2005)
containing
valuable
fractions as well
as the factors
influencing the
buying and
selling of
products or
fractions
Cc2 Market risk Economic Indicates the (Kumi et al.,
safety economic impact 2019;
of buying e- Shevchenko
waste on market et al., 2019)
conditions as
well as general
economic
influences such
as inflation risks,
exports, and
trading
c3 Disposal cost Economic Rating on (Davis and Garb,
safety expected 2015; Prakash
disposal cost for et al., 2010)
fractions in case
of formalisation
C4  Ergonomic risk Health safety Ergonomic risk (Akormedi et al.,
during 2013) and based
dismantling on own
process observations
during field study
on processes
C5  Accident risk Health safety Accident risk (Annamalai,
during 2015) and based
dismantling on own
process observations
during field study
on processes
C6  Environmental Health safety Expected (Amankwaa,
toxins damage to health ~ 2013; Amankwaa
due totherelease et al., 2017;
of environmental Heacock et al.,
toxins 2016)
C7  Water Environmental Process leads to (Pradhan and
safety the pollution of Kumar, 2014; Wu
water bodies et al., 2015)
C8  Air Environmental Process leads to (Gangwar et al.,
safety air pollution 2019; Zeng et al.,
2016)
(&) Soil Environmental Process leads to (Fujimori et al.,
safety soil pollution 2016; Moeckel
et al., 2020)

a high value chain. Non-valuable fractions, and therefore materials of no
interest to the informal sector, include (e-waste) plastics, foams, low-
grade PCBs, and glass. Plastics from e-waste are usually not traded
because there are no local or export markets available. Plastics, low-
grade PCBs, and batteries are landfilled and likely burned subse-
quently for volume reduction. Glass and lead glass are used to backfill
roads. This involves grinding the glass into fine dust, thereby facilitating
environmental distribution and inhalation. Liquids (e.g., oil and ink) are
spilt onto the ground, while other non-valuable parts, such as photo-
conductors, capacitors, light bulbs, cartridges, and toners, are landfilled.

Generally applied safety standards are not observed. In terms of
safety equipment, gloves are worn, but protective goggles and shoes are
not. The workers are unaware of the release of toxic substances. The risk
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of electrical shock through capacitors from certain e-waste appliances is
negligible, as the devices are separated from the power supply for at
least 24 h and are hence not dismantled upon arrival at the scrapyard.
Regarding the condition of the e-waste, spare parts are scavenged from
34% of the e-waste and sold to refurbishers. Spare printer and laptop
parts are the most utilised. After they are scavenged, the device is
completely dismantled to recover the valuable fractions. All assessed
appliances are manually dismantled until further separation into pure
materials is not possible without mechanical shredding.

3.2. Material flow analysis of processes

3.2.1. ICT devices dismantling

The dismantling of ICT devices follows a chain in which different
workshops function as a trading system in a composition line compa-
rable to that of a formal recycling company.

Fig. 3 shows the material flow for the desktop PC dismantling of one
ton of input material. During the first step, the use of crude destructive
techniques (e.g., using a hammer and chisel) is avoided to facilitate the
removal of undamaged spare parts. Independent components are
removed using screwdrivers and fine tools. Power boxes and drives are
sold to the workshop that is next on the dismantling line for destruction.
Other output fractions from the first dismantling process, such as
motherboards, PCBs, and metals, are collected and traded at a later
stage. Cables are burnt to extract copper.

After the first step, destructive disassembly techniques are used
dismantle the independent components to separate the fractions. The
outcome fractions from this step are collected, traded, or channelled for
burning or waste disposal. In the MFA for power box destruction, we
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assumed that wiring contains 40% copper and that, by burning, 50% of
the mass of transformers is lost. Approximately 10% of the input ma-
terial from desktop-PC dismantling, mainly plastics, remains in the
scrapyard or is later burned for waste volume reduction. Laptop and
phone dismantling leads to over 60% of the input material remaining in
the scrapyard.

Fig. 4 illustrates the flow of the laptop dismantling process. No
batteries or screens attached to the laptops were found in the input, and
separate copper collection was not observed. It was assumed that the
copper attached PCBs is sorted into the PCB fraction to increase its
weight. The screens and other wastes are included in the plastic fraction.

Fig. 5 shows the flow of the phone dismantling process. Batteries
glued to the phone casing are sorted into plastic waste, which is land-
filled and burned subsequently. Power cables and chargers from ICT
devices do not undergo informal dismantling because they are removed
before entering the scrapyards. ICT devices produce the highest share of
(e-waste) plastic waste among the assessed processes. The plastic frac-
tion is considered waste and is either landfilled or burned to reduce the
volume.

3.2.2. CRT dismantling

Fig. 6 shows the material flow for informal CRT dismantling.
Destructive methods are used to dismantle CRT devices, including
opening and depressurising them using a hammer and chisel. The frac-
tions of interest are the metallic parts of the tube, which contain copper,
aluminium, iron, and other metals. PCBs in CRTs are of a low grade and
are usually of no interest to the informal sector. Lead glass, plastic, and
other waste fractions are dumped or burned. Glass bodies are frequently
used to fill roads. The associated crushing of the fractions allows dust to
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disperse rapidly and enter the respiratory tract. Approximately 82% of
the input fraction remains in the scrapyard. This is the highest share
among all assessed processes.

3.2.3. Compressor dismantling

Compressors enter the scrapyard within a refrigerator/AC or as in-
dividual compressors originating from repair shops. Fig. 7 shows the
material flow during dismantling. The main tools used for compressor
dismantling are a hammer and chisel. The copper and aluminium parts
are separated from the iron and plastics. Compressors contain small
quantities of oil that spill onto the soil during dismantling. AC com-
pressors contain more oil than refrigerator compressors, and their
dismantling requires higher technical expertise. Only 1% (mainly oil) of

the input material in the process remains at the scrapyard. The
remaining fractions are completely utilised.

3.2.4. Microwave dismantling

Non-destructive and destructive methods are combined to dismantle
microwaves. The process flow is illustrated in Fig. 8. First, the micro-
wave covers are unscrewed. Next, the transformer, bulb, plate, and ca-
bles are removed manually. The remaining microwave body is then
added to the iron scrap. Capacitors are not removed and are, therefore,
contained in the iron fraction. The transformer is dismantled using a
hammer and chisel to remove copper. In the process flow shown, the
quantities are too small to be displayed (1.5 kg per ton of microwaves
recycled). The cables are collected for burning, and glass plates from the
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microwaves are seldom contained in the devices when they arrive at the
workshops. The microwaves are dismantled until no further manual
dismantling is possible.

3.2.5. Printer dismantling

Printer dismantling at scrapyards is performed for home and large
office printers. Cartridges and toners are dismantled at the same work-
shops where printers are dismantled and are illustrated together in the
process flow diagram (Fig. 9) for the sake of simplicity. Hammers and
screwdrivers are used to dismantle the printers. When a spare part is
needed, the plastic casing is unscrewed; otherwise, the casing is
removed by smashing it into pieces. Cartridges are removed, partially
sold to second-hand users/recyclers or dismantled.

We assumed that toners and cartridges contain 10% ink material and
that 42% of the toners are recoverable metals while the rest is plastic.
Ink and toner powder are spilt during dismantling. Plastics are landfilled
and partially burned to reduce their volume. Approximately 54% of the
input material remains at the scrapyard.

3.3. Economic assessment

Recycling-related expenses comprise two main parts: the cost of
purchasing e-waste, which is bought from households through door-to-
door collection, and labour costs. Land use-, rental-, or operation-
associated levy costs should also be considered in workshop opera-
tions. However, this was not considered in this study as most scrap yards
are illegally located in public places and, therefore, do not incur rental
costs. Labour costs in scrapyards depend on the dismantling process and
time spent and are relatively high compared to Ghana’s average income
level. However, employment and payment are mostly on an hourly
basis, and workers only generate an income when work is available.
Therefore, the income of workers is considered unstable. The time
required to dismantle a device and the device’s weight were measured to
calculate the labour cost per kilogram. To protect the privacy of the
survey respondents, who were asked sensitive questions regarding their

economic situation, they were assured that the raw data would be kept
confidential. Consequently, specific details such as labour costs, e-waste
prices, and device weights are intentionally withheld to prevent the
possibility of tracing them back to the individuals.

Metal prices at the scrapyard are usually calculated per pound of
weight; kilograms were used in this study. Except for iron, prices fluc-
tuate with world market prices. Local iron prices exceed the world
market price because iron is smelted or further processed in Ghana,
eliminating the cost of importing and shipping foreign iron. Copper and
brass are exported exclusively because Ghana has no processing facil-
ities. For exported metals, prices are below world market prices because
the exporting cost should be factored in. Aluminium is partly exported,
and that retained in Ghana is used for local production, such as sand
casting for cooking pots. Phone PCBs had the highest price per kilogram
of weight.

Fig. 10 shows the expenses associated with the informal recycling of
each assessed type of device and the composition of the profits Most of
the profits are generated from PCBs and copper.

Most of the e-waste were between 10 and 20 years old before
reaching the end-of-life dismantling stage (Fig. 11). Old devices are
preferred for dismantling because they often contain more copper, the
most sought-after metal in the informal chain. The informal sector is
well aware that newer e-waste contains fewer valuable materials and
more plastics. However, owing to economic needs, newer types are also
dismantled. The most popular devices to dismantle are ACs and fridges
with iron casings because of the relatively high metal content, especially
copper, in ACs, as well as phones because of their high-priced PCBs. The
popularity of a device generally depends on its brand, origin, and age.
The interviews with the participants revealed that older phones are
popular in terms of revenue because they are heavier and contain more
nonferrous metals, such as copper and brass. Because older models are
no longer in production, their fractions will become scarcer and perhaps
more valuable in the future. This is also evident for computers and
laptops. The number of available CRT monitors for dismantling is
decreasing; however, they are also a popular waste fraction because of
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Fig. 7. Process flow of compressor dismantling in the informal sector.

their high copper content. This illustrates how the informal sector may
face economic problems within a few years.

3.4. Risk assessment

The risk assessment was conducted for all processes and the results
are shown in Fig. 12. Most environmental and health threats occur
because of secondary treatment methods (e.g., burning of plastics) for
non-valuable fractions in the informal sector. The risk to environmental
safety is considered moderate for processes 1 and 4, high for 2 and 3 and
severe for process 5. Process 5 has a higher outcome due to the release of
inks into the soil that contributes to pollution of water bodies and high
plastic waste accumulation, which is likely to be burned. Crude
methods, such as manual dismantling, do largely contribute to envi-
ronmental pollution as long as all fractions are collected and stored.
However, destructive dismantling can damage hazardous components
and release pollutants, such as ink and oil, into the environment. This
risk was not present in processes 1 and 4.

Health risks are in relationship with environmental risks and mainly
occur due to a lack of safety equipment and the release and uptake of
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pollutants. Health risks are given in all the assessed processes. A process
with severe risks is process 2, due to the risk of implosion of the CRT
during dismantling. Destructive methods can lead to particles and pol-
lutants dispersing (e.g., through the crushing of protective phone
covers) which can then can lead to eye injuries or inhalation of pollut-
ants. Cuts from sharp components also pose a high risk. Non-destructive
dismantling where fine tools are used, as practised in Process 1, poses
the smallest health risk.

All processes present a considerable economic risk. Significant eco-
nomic challenges are expected for processes where most of the revenue
is generated through copper (Processes 2-4), because newer EEE often
does not contain solid copper wire but aluminium-coated copper wires.
Once this device dominates end-of-life processing, the processes will not
be able to generate sufficient revenue to sustain themselves. CRT devices
are becoming increasingly less common because they are no longer
produced. Modern EEE are smaller and lighter than old devices and are
built in a cost- and resource-efficient manner. The effect of the lowered
copper content in devices was identified as a major upcoming economic
barrier.
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Fig. 8. Process flow of microwave dismantling in the informal sector.

4. Discussion

Herein, we used a methodological approach which combined qual-
itative and quantitative data assessment. The assessment and method-
ology allowed us to understand the processes and their impacts on the
environment, economy, and health safety.

4.1. Material flow analysis of processes

Our assessment revealed the methods used by the informal sector in
Ghana to dismantle e-waste and points out which fractions are produced
during the process. Hence, it was confirmed that the informal sector in
Ghana is well-organised, connected, and structured. Also, they are well-
trained on how to retrieve the most valuable fractions within a short
period of time. The e-waste is dismantled manually to a point where no
further manual dismantling is possible, and the valuable materials are
well sorted. The effectiveness of the information sector has thus been
confirmed. Nevertheless, the material flow analysis of the processes also
highlighted the associated problems with local e-waste recycling. These
lie primarily in the further treatment of waste fractions that arise. They
have been identified and this data can now be used for organisational
and structural planning.

Table 4 lists the emerging fractions predicted from the assessment
processes. Specific fractions, such as batteries (laptops, phones), screens,
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glass, light bulbs, and cartridges, rarely appear in dismantling work-
shops. Power cables and plugs were not usually attached to the devices
anymore. These fractions are eliminated upstream during informal
collection, where they are sold (e.g., cables and plugs) to generate extra
income, or others, because of their lack of value, are removed and lit-
tered to reduce weight during transportation. In order to adapt the
system in an environmentally sound way, the remaining fractions must
be known and investigated.

The remains from informal recycling are landfilled or burned.
Summing up all sassed processes, a share of 40.3% of emerging fractions
arising in all assessed processes, are landfilled or burned. Whereof the
processing of ICT appliances (desktop PC, laptops and phones) (P1)
contributes with 19.4%, CRT appliances (P2) with 11.7%, compressors
from cooling appliances (P3) with 0.1%, microwaves (P4) with 1.3%
and printers (P5) with 7.7 % to the landfilled or burned fractions.

From laptop dismantling in process 1 plastic is landfilled with a share
of 60% within this process. A major concern is that their batteries and
partly screens do not reach informal scrapyards oftentimes. More
research is needed in the remain of those fractions. Phone dismantling in
process 1 contributes with 47% of plastics, 12 % of batteries and 7% of
mixed waste such as screens and keyboards to the landfilling. Plastics
and batteries landfilled from all processes are to a large part and
frequently burned for waste reduction purposes. CRT monitors are the
process with largest share of landfilled fractions. 82% of a CRT monitor
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is dumped. This fraction largely consists of glass and lead glass with a
share of plastics and low grade PCBs. Within process 5, 53% of the
printer is landfilled, mostly consisting of plastics but also ink and other
wastes such as bulbs form printers. Process 3 (compressor dismantling)
plays a particular role here, as it contributes mass wise little to land-
filling, but the release of coolant-contaminated oil has been assessed as a
major risk to the environment and groundwater which leads to a higher
ranking at the risk assessment.

Formal or registered companies buy and manage valuable fractions
produced by the informal sector, take care of transportation, and exports
to downstream markets or processing. Current infrastructure, i.e., cen-
tralised and good accessible collection points and transport systems for
valuable und hazardous fractions in informally operated scrapyards, are
needed as a form of integration. Sustainable incentive systems must be
created to collect material flows appropriately. Since the informal sector
is mostly organised by associations, they can be approached to plan and
set up a mandatory collection point or system.

4.2. Economic assessment

The informal sector primarily incurs labour costs for dismantling e-
waste and the purchase price of e-waste from households or in-
termediaries involved in informal collection. Among the various pro-
cesses, ICT dismantling has the highest profit margin, whereas printers
exhibit the lowest profit margin, at a mere 16%.

Copper and PCBs are the primary sources of income in the informal
sector. Recycled e-waste is most commonly 10-20 years old. Techno-
logical development and the production of smaller devices with less
resource input and intrinsic material value suggest that the amount of

12

copper and precious metal content in PCBs will decrease over time.
Simultaneously, the plastic content of appliances increases. Conse-
quently, the economic impact on this sector will be significant when
current-generation devices reach end-of-life processing. We project that
this scenario will occur within approximately 10-20 years. This study
shows concerns that the informal sector may no longer be equipped to
handle the reverse supply chain effectively at that point. Devices could
be no longer disassembled manually because economic viability. This
could lead to reduced separation and increased landfilling and burning
of more waste.

The economic value of potentially recyclable fractions but currently
landfilled fractions such as plastics is much lower than the economic
value of metals and PCBs in e-waste. It is assumed that the informal e-
waste sector in particular does not focus on the landfilled fractions due
to economic viability although some of the fraction have a local
downstream market in Ghana. In the search for valuable materials in
household waste, on the other hand, the informal sector also collects
market plastics and glass for the local downstream processing (Miezah
et al., 2015; Oduro-Appiah et al., 2017). This means that there is a local
market for currently landfilled or burned fractions, naming PET plastics,
PP Plastics, LDPE and HDPE plastics and glass (Oduro-Kwarteng et al.,
2016). Therefore, we recommend to link and implement organisational
measures and plan a collection centre locally at the informal small en-
terprises as well as a joint downstream management.

4.3. Risk assessment

The risk assessment showed that there are considerable risks in
environmental, economic and health safety for all processes. In terms of
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Table 4

Matrix showing the expected accruing non-valuable fractions for each process according to our assessment. Fractions which were not found at the informal dismantling

workshops are marked with brackets (x).

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
P1 x) X X X x) X
P2 X X X X X
P3
P4 X X X x) x) X
P5 X X X X X x) X
P1 Desktop-PC, Notebook-PC and mobile phone dismantling
P2 CRT-monitor and -TV dismantling
P3 Fridge/AC Compressor dismantling
P4 Microwave dismantling
P5 Printer dismantling
F1 Batteries
F2 Plastics with flame retardants
F3 Plastics without flame retardants
F4 Capacitors >25 mm
F5 Screens form notebook
F6 CRT glass
F7 Glass
F8 Light bulbs
F9 Low-grade PCBs
F10 Photo conductor unit
F11 Cartridges
F12 Toners

economic risk Processes 1 and 2 in particular stand out. For process 1 the
technology development, showing in lighter weight and lower intrinsic
material value of future e-waste items play a role. The economic risk in
process 2 is based on the fact that CRTs are currently not produced
anymore and therefore the informal shops only handling CRTs will face
economical risks. For the environmental safety, process 5 shows the
highest risks due to the pollution of soil, groundwater and air by the
emerging fractions.

To address all risks, the processes need to find improvement under
the following order of priority for action P2>P5>P3>P1>P4. If only the
environmental risk is to be taken into account, the range is from the most
urgent need for action to the lowest is P5>P2>P3>P1>P4. On the basis
of the risk assessment it could be determined that there is an urgent need
for action, especially the processes 2 and 5.
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4.4. Barriers for sustainable e-waste management

The informal e-waste sector plays a vital role in Ghana, addressing an
ongoing issue where public and formal sector involvement is limited.
The integration of the informal recycling sector brings about numerous
advantages, encompassing environmental, economic and social benefits.
It contributes to income generation for individuals with lower economic
means, less release of pollutants and the conservation of natural re-
sources, serving as a significant driver of sustainable change in the
country.

In the process of integrating the informal sector, several challenges
and opportunities have been identified. One significant obstacle is the
limited access of the informal e-waste sector to the existing formal and
informal waste collection infrastructure, particularly for specific waste
fractions. To address this, structured management of distinct waste
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categories is crucial.

Our research findings shed light on the unaccounted waste fractions
that have the most pronounced environmental and health impacts.
Notably, emerging market plastics and glass from e-waste recycling offer
substantial potential for integration. These fractions can be effectively
connected with both the informal household waste picking system and
the established formal plastic and glass recycling companies in Ghana.
Additionally, the collection of emerging oil can be coordinated with
local waste-oil collection enterprises.

On the other side, the lack of collection and downstream treatment of
potentially hazardous, cost-intensive, and non-market waste fractions,
such as brominated plastics, batteries, and lead glass, poses another
barrier to informal sector integration. To address this challenge, it is
essential to integrate the informal e-waste sector into a controlled
collection processes for these specific waste fractions. This integration
process calls for the establishment and oversight of central collection
points for the identified waste fractions through a public organisational
structure. Downstream processing for these fractions should be entrus-
ted to political stakeholders and decision makers. Addressing landfill-
bound fractions, especially those without established markets, requires
the implementation of a binding collection framework, meticulous
planning and provisioning of collection logistics, declaration of safety
measures for health protection, and the provision and management of
suitable containers with accessible features, representing initial steps
toward achieving sustainable waste management.

4.5. Data quality, limitations and placement in the overall context of
developing countries

The accuracy of the MFA was rated to +20% according to the re-
searchers’ estimation of data accuracy (Laner et al., 2014). The reason
therefore is that the assessed datasets must be viewed within the
framework of the informal sector, meaning that building trust, rapport
with participants, collaboration with local associations, and the careful
navigation for the ethical and regulatory landscape was considered as
essential for this research. However, this is also a limiting factor as for
data collection the researchers are reliant on the cooperation of the
informal sector. The influence of market changes, inflation and seasonal
characteristics, such as rainy season, are also seen as other limiting
factors. The organisational structure of an informal system is also a
limiting factor, as some informal scrapyards have geographical partic-
ularities such as proximity to water bodies, space limitation or a location
with no landfill enclosed. Hence, landfilling or burning process take
place at other areas. This needs to be considered when implementing
measures.

Within Ghana, the structures and processes of the informal e-waste
recyclers and scrapyard structures are similar, so that comparisons and
conclusions among them can be drawn. For informal e-waste treatment
outside of Ghana in the context of other developing countries, this must
be assessed on a case-by-case basis.

4.6. Areas for future investigation

Further research should focus on several key areas. Firstly, there is a
need to investigate the fractions that have the potential to be hazardous
but are not currently reaching informal sector dismantling, including
screens, light bulbs, glass, laptop batteries, and cartridges (as shown in
Table 2). Methods for targeting and collecting these fractions should be
explored. Additionally, research should aim to identify local down-
stream processing and recycling options for the hazardous fractions.
This involves finding sustainable and safe ways to manage these frac-
tions after collection. There is a requirement to conduct targeted labo-
ratory assessments of pollutants to better understand the actual
environmental impact and risk associated with the recycling processes.
This research will contribute to a more comprehensive assessment of the
environmental and health implications of informal e-waste recycling.
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5. Conclusions and recommendations

In this study we applied a multimethod approach to assess the mass
and material flows of relevant informal e-waste dismantling processes
and evaluated the risks and fields of action for the environment, econ-
omy, and health safety.

The assessment of the informal e-waste sector has offered valuable
insights into the processes of e-waste dismantling, contributing essential
information for the management of the informal sector in the pursuit of
establishing a sustainable e-waste recycling system in Ghana. It has been
verified that the informal sector excels in skilled manual dismantling
and the efficient retrieval and sorting of valuable fractions. However,
the informal sector’s shortcomings are evident in practices like land-
filling, uncontrolled burning of waste fractions, cable burning for metal
retrieval, and a lack of safety equipment usage.

Our research showed that initial manual dismantling does not have a
significant impact on environmental pollution. The health risks in this
stage primarily arise from the absence of safety and protective attire.
The main environmental and health risks primarily stem from the sec-
ondary treatment of non-valuable fractions within the sector. These
practices involve activities such as burning plastics to reduce waste,
landfilling of liquids and other residues, and the burning of copper ca-
bles using foams as a fuel. It’s important to note that many of these
secondary treated fractions have the potential for recycling but currently
lack access to collection and downstream markets. These fractions
encompass plastics, e-waste plastics, cartridges, toners, oil, glass, lead
glass, and low-grade PCBs. Addressing the processes that result in frac-
tions being sent to landfills or subjected to secondary treatment is a
significant challenge. In total, 40.3% of emerging fractions from all
assessed processes end up in landfills or are burned.

The risk assessment showed that there are considerable risks in
environmental, economic and health safety for all processes. Under the
overall risk assessment of all categories for the processes, the processes
have the following order of priority for action P2>P5>P3>P1>P4. If
only the environmental risk is to be taken into account, the range is from
the most urgent need for action to the lowest is P5>P2>P3>P1>P4.

The primary economic incentive for informal e-waste dismantling
lies in the recovery of copper and PCBs. Other metals have a secondary
role due to their lower value compared to these key fractions. They are
regarded as supplementary rather than central drivers. Labour costs for
e-waste dismantling and the purchasing price of e-waste from house-
holds or intermediaries engaged in informal collection are the primary
financial burdens on the informal sector. Among the various processes,
ICT dismantling has the highest profit margin, whereas printers exhibit
the lowest profit margin, at a mere 16%. Furthermore, it is essential to
anticipate a significant economic challenge for the informal sector in the
next 10-20 years, originating from the diminishing intrinsic material
value of e-waste resulting from ongoing technological advancements.

As highlighted previously, the economic value of potentially recy-
clable fractions, like market plastics, falls considerably below that of the
key fractions. There’s a presumption that the informal e-waste sector, in
particular, does not prioritize the collection of these less valuable frac-
tions. Consequently, we propose establishing organizational measures to
connect both sectors and plan for a local collection centre situated at the
informal small enterprises. Additionally, a collaborative downstream
management approach should be considered.

According to our comprehension and based on our research findings,
the presence of the informal e-waste sector in Ghana is essential at this
point. This can be attributed to the lack of financial resources in the
political sphere, the absence of infrastructure for formal e-waste recy-
cling options, the sector’s high efficiency and its substantial impact on
poverty reduction, especially within the most economically underpriv-
ileged population groups. Nevertheless, there is a clear need for specific
measures to promote more sustainable management through the inte-
gration of the informal sector, tailored to its unique requirements.

The MFA and risk assessment have highlighted the necessity of
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prioritizing processes with significant proportions of landfilled fractions
to mitigate potential environmental risks. In this context, the primary
manual dismantling for most processes could remain within the informal
sector, provided certain conditions are met. However, for Process 2 (CRT
dismantling), we recommend transferring this responsibility away from
the informal sector due to the substantial risk of implosion during
dismantling and the associated risks identified in the risk assessment.
Additionally, it is essential to avoid the burning of cables and instead
focus on their collection. This transition necessitates the creation of
alternative income opportunities for the group commonly referred to as
“burners."

As for the remaining processes, we suggest an approach that involves
integrating them by permitting manual dismantling through the
informal sector. This should be accompanied by the establishment of a
binding system for collecting emerging hazardous fractions, cables and
market fractions that have not been previously collected.
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