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Abstract - This study evaluated e-waste
management practices among households in
Southwestern  Nigeria using selected local
government areas. It estimated the quantity of
specific e-waste category and items generated by
the households, and investigated the methods used
by the households to dispose e-waste generated.
These were with a view to providing reliable and
specific e-waste data that would guide decision
making on sustainable e-waste management,
particularly at local level. The study approach was
retrospective and ex-post, thus, covered a five-year
period (2013 — 2018) of household activities within
the study area. This research mainly employed a
survey method, using a set of questionnaire
designed for the study respondents. The
guestionnaire was administered on 300 households
through household representatives/heads, selected
through a multi-stage sampling technique.
Although, IT/Telecommunication e-waste category
(39.9%) accounted for the largest percentage share
of the total households’ e-waste generated (in
units); large household e-waste category (72.9%)
constituted a principal quantity (in terms of
percentage by weight) of the total e-waste
generated by the households’— 31,054.50kg, within
the five-year period. The fate of households’ e-
waste generated were largely informal.

Keywords: disposal, e-waste, household,

management, practice, Nigeria

I INTRODUCTION

Essentially, e-waste refers to waste emanating
from Electrical and Electronic Equipment (EEE). E-
waste denotes all EEE items — unused or reusable, that
has been discarded by their first owners (terminology
adopted context for this paper). Beyond the various
contextual, but convergent definitions (Nnorom et al.,
2007; OECD, 2001; STEP, 2014) and categories of e-
waste- notably the European Union Classification
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(see: Van Rossem, 2002; Widmer et al., 2005;
Antrekowitsch et al., 2006); some of the challenges of
e-waste include the rising quantity (Kiddee et al.,
2013; Buekens and Yang, 2014), complex material
composition and post consumption attitudinal
behavior of EEE consumers —often unwholesome in
developing country context. E-waste is ubiquitous and
an enormous source of pollution, with environmental
and public health implications (Deng et al., 2007;
Tseng et al., 2008; Wang et al., 2011; Gao et al., 2011;
Huang et al., 2011; Wu et al., 2011; Chen et al. 2011;
Ni et al., 2013; Ding et al. 2012; Law and Covaci,
2014; Rao, 2014). However, the waste also has
significant economic value (Grant and Oteng-Ababio,
2012), being a very rich source of recyclable and
reusable materials including precious metals (lzatt et
al., 2012). Consequently, sustainable management of
e-waste is imperative at all levels of economy.

The high obsolescence rate of EEE, occasioned by
short technological innovation cycle and the general
attitude of consumers to dump old equipment for
cheap — old or new, but effective and efficient ones,
are some of the factors responsible for the consistent
rise in the quantity of annual e-waste generated.
Globally, an estimated e-waste volume of 41.8 million
metric tonnes (Mt) (5.9 kg/inhabitants) and 44.7
million Mt (6.1 kg/inhabitant) was generated in 2014
and 2016, respectively (Baldé et al., 2014; Baldé et al.,
2017). Respectively figures for 2018 and 2021 were
estimated to be around 49.8 million Mt (6.6
kg/inhabitant) and 52.2 million Mt (6.8 kg/Inhabitant),
at an annual growth rate of 4-5% (Baldé et al., 2017).
By this estimates, e-waste is now the fastest growing
solid waste stream (Ravi, 2012) in both developed and
developing countries. However, predominant e-waste
management practices (including primitive treatment
and unsafe disposal/collection) among stakeholders in
developing countries are potentially dangerous (an
indication of environment and public health hazard)
and may as well led to suboptimal quality and quantity
of recyclable or recoverable substances from the
waste. On this premise, mainstream literature
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(including Nnorom and Osibanjo, 2008; Huang et al.,
2011; Wu et al., 2011; Chen et al. 2011; Ding et al.
2012; Ni et al., 2013; Law and Covaci, 2014; Rao,
2014) has empirically shown and emphasized the
exigent need for a proper management of e-waste,
most especially in developing countries.

Although developed countries have the largest
annual share of e-waste generated on a global scale—
for instance,12.3 million Mt and11.3 million Mt in
Europe and America respectively (Baldéet al., 2017).
However, the challenge of the waste in developing
countries is even more worrisome. Persistent influx of
imported e-waste and primitive treatment/handling of
the waste — generally informal, are some of the major
challenges  confronting  sustainable  e-waste
management in the region. Strong e-waste
regulations/enforcements and their resultant economic
impact on the part of stakeholders in developed
countries, largely contributes to influx/inflow of e-
waste into developing countries, particularly Nigeria —
with no specific e-waste regulatory framework. At
least, 80% of e-waste generated from the developed
countries flows into developing economies (Hicks et
al., 2005). In the Nigeria case, about 77% of e-waste
imported into Nigeria originated from Europe (Baldé
et al., 2017); out of which 50%of the total import are
in deplorable conditions (Nnorom and Osibanjo,
2008). Furthermore, consumers’ desire for updated
EEE - in “bridging the digital divide”, coupled with
socio-economic realities in Nigeria provides a thriving
market for imported e-waste — locally termed
‘secondhand’. Overtime, the relative volume of e-
waste in developing countries will exceed those of
developed economies (Yu et al., 2010; Dwivedi and
Mittal, 2010).

Nigeria, being the most populous country in
Africa also contributes a prime share to the continent’s
total e-waste volume. Nigeria contributed an estimated
volume of 1.1million Mt to the total e-waste volume
in Africa (Nnorom and Osibanjo, 2008) and still on the
increase (Ogundiran et al., 2014). Annually, imported
e-waste inflow into Nigeria accounts for about
640,000 Mt (Nnorom and Osibanjo, 2008). However,
this estimate may be short of the total imports of e-
waste from neighboring countries taking into
consideration countless numbers and porosity of
Nigeria borders. The current quantities of e-waste are
grossly underestimated (Ongondo et.al., 2011; Baldé
et al., 2017), most especially in developing countries
that place little or no attention to the danger of rising
e-waste volume. A country’s specific e-waste policy
and regulatory framework is a pointer (an indicator) to
the country’s level of seriousness on e-waste
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management. Essentially, underestimated e-waste
volume/quantity within a defined geographical
boundary delimits e-waste management plan and
strategies.

Availability and adequacy of basic information on
e-waste management practices, particularly in the
direction of specific e-waste: types, volume/quantity
and disposal method, among stakeholders could be a
starting point for sustainable e-waste management in
Nigeria. These information has a very strong bearing
on designing an effective and efficient e-waste
management system (involving collection, sorting,
transportation, storage and recycling). Considering the
socio-economic situation (high inflation, increasing
unemployment and growing poverty level) in Nigeria,
growing e-waste could create a lucrative business
niche. In fact, eco-innovative management of e-waste
in Nigeria largely depends on e-waste inventory
data/information among stakeholders within specific
geographical — local and/or national.

This paper attempts to study e-waste management
practices among households in Southwestern Nigeria.
Attempts were made to estimate the quantity of
specific e-waste category and items generated by the
households and also investigate the destinations of
households’ e-waste generated within the study area
and population.

1. METHODOLOGY

A. Study Population

This study was carried out in Southwestern
Nigeria which comprises Lagos, Ogun, Oyo, Osun,
Ondo and EKiti States. The region bears a land mass of
76,852 square kilometers and population of more than
25.2 million people. This geopolitical zone controls
more than 50% of Nigeria’s industrial capacity.
Southwestern states, particularly Lagos, Ogun and
Oyo remain a significant commercial and economic
hub of Nigeria. The region has one of the largest and
busiest ports (airport and seaport) in Africa, attracting
a relatively significant domestic and international
trade and migration. Logically, the region is one of the
highest generators of any form of waste owing to its
peculiar ~ socio-economic  and  demographic
characteristics; hence, a justification for the study area.
For the purpose of this study, Lagos and Oyo state
were purposively selected due to their relatively larger
population sizes and higher estimated number of
households.

B. Sample Technique and Size
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Stratified sampling technique was first used to
divide the twenty (20) and thirty-three (33) Local
Government Areas (LGASs) in Lagos and Oyo State,
respectively into already existing senatorial districts.
This was followed by purposive sampling of a local
government with the highest population of people
from each of the senatorial districts in the respective
states. A total number of six (6) LGAs comprising
three (3) LGAs from each state were used for this
study. Then, a random sample of fifty (50) households
from each of the selected LGAS; making a total sample
size of three hundred (300) households. The six LGAS
that were used for this study are Alimosho (Lagos
West Senatorial District), Kosofe (Lagos East
Senatorial District) and Surulere (Lagos Central
Senatorial District) in Lagos State; and Ibadan Central
(Oyo South Senatorial District), Egbeda (Oyo Central
Senatorial District) and Saki West (Oyo North
Senatorial District) in Oyo States.

C. Research Instruments and Data Collection

Primary and secondary data were both
employed for this study. The primary data were
collected with the aid of a structured questionnaire.
The questionnaire was administered directly on
households through household representative/heads.
The questionnaire was structured into three parts: (1)
socio-demographic characteristics — respondents and
household;(2) aggregated units of e-waste items per
category, generated over a five-year period (2013-
2018); and (3) e-waste disposal channels employed by
the households. The first part captured socio-
demographic data about respondents - age, gender,
educational attainment; and household — total monthly
income, size, members in and nature of active job. The
second part focused on aggregated units of e-waste
items per category disposed over a five-year period,
2013-2018. The third part assessed households’
predominant e-waste disposal channels.

Secondary data including the average weight
(kg) of e-waste item per unit were sourced from
literature (Cobbing, 2008; Wang, 2013; Robinson,
2009). Databases of Nigerian Bureau of Statistics
(NBS) and National Population Commission
(NPC)were valuable sources for the study population
and household data.

This study questionnaire design adopts the
European Union WEEE categories and sixteen e-
waste items considered for this study were classified
into four groups: (1) large household appliances
(refrigerator, air-conditioner, washing machine and
freezer); (2) small household appliances (Iron, kettle,
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microwave and toaster); (3) IT/telecommunication
equipment (Laptops, Mobile phone, CRT monitors
and LCD monitors); and (4) consumer equipment
(Cathode Ray Tube Television-CRT TV, Flat panel-
LCD and LED TV, radio, VCR Player).

The household survey for this study was
carried out within the last quarter of the year 2018. A
total of three hundred (300) instruments were equally
distributed among households in the area and
population of study. At the end of the survey, a total
number of242questionnaires (representing 80.7% of
the total questionnaire administered) were retrieved,
which eventually formed the basis for the outcome of
this research.

1. RESULT AND DISCUSSION

A. Estimated Quantity of E-waste Generated
among Households in the Study Area

Table 1 contains information on the total
estimated quantity (in unit and tons) of e-waste
category and items generated among households in the
study area between the period under review, 2013-
2015. A total aggregate of 2,739 units of the e-waste
items, were generated by the households within the
five-year  period.  E-waste  categories  of;
IT/Telecommunications, small household, consumer
and large household respectively constituted 39.9%,
25.3%, 17.8% and 17.0% of the total units. This is on
account of varying obsolescence - technical, feature,
economic and aesthetic (Osibanjo and Nnorom, 2007)
of EEE categories/items being used among the
households. The lifespan of EEE is a significant
determinant of obsolescence rate of these products
(Balde et al., 2017), thus, varying e-waste quantity.
Furthermore, rapid technological innovation (as
evidenced in growing/diverse manufacturers and
product differentiations), particularly in the case of
IT/Telecommunication devices, could also account for
the relatively high obsolescence rate of this e-waste
category. This is occasioned by the general attitude of
consumers to disengage from the use of these
appliances and opt for upgraded devices. In fact,
technological development coupled with early
obsolescence in EEE usage (Ogungbuyi et al., 2012)
could exacerbate growing e-waste volume. For
instance, studies have shown that the average lifespan
of a new IT/Telecommunications appliances including
computer, mobile phones and laptops has decreased to
less than 3 years (Widmer et al., 2005; Osibanjo and
Nnorom 2007; Ogungbuyi et al., 2012; Chi et al.,
2014). However, for large household appliances, the
average lifespan is comparably longer — washing
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machine (7.1 years), Televisions (8.1 years) and
refrigerators (8.6 years) (Chi et al., 2014). Therefore,
the relative percentage share and varying quantity (in
units) of each category of e-waste generated by the
households could be on account of this factor -
obsolescence rates. It is also important to note that the
relatively higher percentage share of
IT/Telecommunication e-waste category/item
disposed by the households could also be linked to the
ease and general attitude of households to drop these
items for cheap and/or new but better ones. This is
particularly so, in view of the socio-economic
relevance and applicability of IT/Telecommunications
appliances in today’s economic realities. On the basis
of this study, IT/Telecommunication and small
household e-waste had the highest obsolescence rate
among the household, and the least was the Large
household e-waste category. Related study on
estimation of e-waste items generation had also shown
that IT/Telecommunication e-waste item, specifically
mobile phones, had the highest obsolescence rate,
consequently, constituted the highest volume (in units)
(Andarani and Goto, 2013; Chi et al., 2014) of total e-
waste estimate. Our study result has also shown that

the IT/Telecommunications e-waste category and in
particular, mobile phones respectively represent the
highest unit volume of e-waste category and Items
generated among households in the study area over the
five-year period. The proximity of our survey results
to those of Andarani and Goto (2013) and Chi et al.,
2014, verifies the validity of our findings on the
quantity of e-waste generated among households.

On the basis of the e-waste estimates in tons,
percentage share (by weight) of the total constituents
(31.03 tons), for each e-waste category are: large
household (73%), consumer e-waste (12%), small
household (8.2%) and IT/Telecommunication e-waste
(6.8%). Studies had also indicated that large household
e-waste items (washing machine and refrigerator) and
consumer e-waste item constituted a major percentage
share (by weight) of total e-waste generated (Andarani
and Goto, 2013; Saidan and Tarawneh, 2015).
Generally, large household e-waste and consumer e-
waste items are relatively weightier — major
constituents being steel and iron (Robinson, 2009;
Kiddee et al., 2013), consequently, constituting the
largest percentage share (by weight) of total e-waste
generated among the households.

Table 1: Estimated e-waste generated (aggregate) by Households in the study area (2013 — 2018)
Source: Author’s Own Survey, 2018

SIN E-waste Category and Unit Quantity (kg)
Items (Wt. in Kg/unit)
1 Large Household
Refrigerator (35)2 98 3,430
Freezer (35)2 111 3,885
Washing Machine (65)2 118 7,670
Air Conditioner (55)° 139 7,645
Sub-total 466 (17.0%) 22,630 (72.9%)
2 Small Household
Irons (1)2 270 270
Kettle (1)? 154 154
Microwave (15)2 132 1980
Toaster (1)? 138 138
Sub-total 694 (25.3%) 2,542 (8.2%)
3 Consumer
Cathode Ray Tube (CRT) Tv (28)° 62 1,736
Flat panel - LCD and LED Tv (10.2)° 92 938.40
Radio (2)? 202 404
VCR Player (5)? 131 655
Sub-total 487 (17.8%) 3,778.4 (12.2%)
4 IT/Telecommunication

Laptops (4.2)°

219

919.80
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Mobile phone (0.1)2 767 76.70

CRT monitors (17)° 44 748

LCD monitors (5.8)° 62 359.60
Sub-total 1,092 (39.9%) 2,104.1( 6.8%)
TOTAL 2,739 (100%) 31,054.50(100%)

Note: 2Cobbing, 2008; ® Wang, 2013; ¢ Robinson, 2009.

However, Laptop (43.6%), CRT TV (46.5%),
microwave (78%) and washing machine (33.9%)
constituted the largest percentage share (by weight) of
items within each category of e-waste generated by the
households, within the five-year period, 2013-2018.

B. Household Choices of E-waste Disposal

The lack of schemes (such as Extended Producer
Responsibility-EPR and Polluters Pay Principles-PPP)
in Nigeria (Osibanjo and Nnorom, 2008) has serious
implications for end-of-life management of EEE. In
developing country context, people are not generally
accustomed to such systems, associated with disposal
cost or that requires extra responsibility on the part of
EEE consumers (Wang et al., 2011). The majority of
EEE consumers perceived the product has a tradeable
property and as such are used to selling their end-of-
life electrical and electronic appliances, thus, thriving
second hand markets for the waste — also commonly
referred to as used EEE. This is especially the case in
Nigeria, as evidenced in growing EEE second hand
markets in virtually every major city centers in all
States of the Country. Furthermore, established e-
waste collection system (formal or informal) at local
or national level plays a very vital role in the
destination of e-waste emanating from various
sources. Formal collection eliminates unsafe and
unhygienic e-waste discharges. On the contrary and
relatively, the informal means of e-waste collection
has gained prominence in developing countries,
including Nigeria, attracting actors from the informal
sector (Yu et al., 2010). The informal collection,
mostly done by gipsy peddlers (scrap dealers) reclaims
e-waste from households with or without other
recyclable waste (including papers, tin cans and glass
bottles). Eventually, the collections, particularly the
economically valuable ones get separated prior selling
to higher level dealer(s) in the value chain. There are
a number of post EEE consumption mechanism being
employed by EEE consumers in developing countries,
however, this study has investigated eight disposal
options with a view to examine the mainstream flow
of e-waste emanating from households at local levels.
The options considered for this study are: (1) Disposed
with household waste (A); (2) Sold to second hand
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market (B); (3) Given/Sold to scrap dealers (C); (4)
Hand over to e-waste collectors (D); (5) Sold to
Individuals (E); (6) Donation (F) and (7) Store at
home (G).

The breakdown and summary of the household e-
waste disposal options is has shown in Table 2 below.
Discussion in this section is based on the percentage
of household for each of the disposal method. The
results indicate that on the average, 83%, 50%, 44%
and 42% of the total (valid) household respondents
(242) disposed of their respective mobile phones, iron,
washing machine and radio through different
channels. These accounted for the highest household
count per e-waste item generated in the study area.
Generally, the predominant household choice of
disposing e-waste generated in the study area, during
this study period was through selling to second hand
market. Majority of consumers would prefer to sell
their obsolete electrical and electronic appliances to
second hand market (Saidan and Tarawneh, 2015).
Based on this study, a significant quantity of the e-
waste generated among the households ends in second
hand market (‘B’), chiefly, e-waste items of; large
household, consumer and IT/Telecommunications
category. On the average, one-third of the ‘total HH’
disposed large household e-waste items via this
channel — 33%, 37.4%, 40.2% and 43% of the total
households for refrigerator, freezer, washing machine
and air conditioner, respectively. Likewise, 45%, 52%,
37.9% and 27.8% of the total households (percentage
of ‘total HH’) disposed their LCD/LED Tv, laptops,
mobile phones and flat panel monitors to second hand
markets.

Relatively, a substantial percentage (more than
20%) of the total household counts disposed their large
household e-waste items by selling to individuals
(‘E’). This is also a common e-waste disposal strategy
among households (Chi et al., 2014). In this case, this
study revealed that e-waste items of VCR player,
laptop, mobile phone and LCD/LED Tv were
respectively sold to individuals by 20.5%, 26%, 35.5%
and 17.5% of the total households sampled.

A reasonable quantity of the e-waste items also
ends in the hand of scrap dealers — informal (e-) waste
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collectors. About 24.8%, 34% and 23% of the total
households give/sold their iron, toaster and CRT
monitor, respectively to informal waste collectors. The
nature of transaction between the households and
informal (e-)waste collector is beyond the scope of this
study. This study is in particular interested in the
outcome (in this case, final e-waste destination) and
not process. Thus, the option of household to give/sold
e-waste item to scrap dealers (‘C’) was not
differentiated. A number of households also disposed

majorly iron (24%), kettle (26%), radio (15.5%) and
flat panel monitor (19.7%). 21.7% of the households
store/keep CRT Tv at home, representing the highest
household percentage for the disposal method.
Generally, the percentage of households that handed
their e-waste to formal e-waste collectors (‘D’) were
relatively low for all the e-waste items. Chi et al., 2014
had also reported an insignificant household e-waste
collection through formal sector in a developing
country context.

their e-waste generated with household waste (‘A”) —
E-waste Disposal Methods
Household percentage (%) and Count (N)

SIN E-waste Items A B C D E F G Total HH
1 Refrigerator 8.5% 33% 14.9% 6.4%  20.2% 5.3% 11.7% 94
(8) (31) (14) (6) (19) (5) (11)
2 Freezer 6.1% 374% 121% 3.0% 222% 11.1% 8.1% 99
(6) @37) (12) ®) (22) (11) (8)
3 Washing Machine 28%  40.2% 15% 28%  25.2% 3.7% 10.3% 107
@) (43) (16) ®) @7) (4) (11)
4 Air Conditioner 5.9% 43% 8.8% 1% 226% 6.9%  11.8% 102
(6) (44) 9) 1) (23) () (12)
5 Iron 24% 18.2% 248%  6.6% 9.9% 58%  10.7% 121
(29) (22) (30) 8) (12) () (13)
6 Kettle 26.0% 23% 156% 83% 146% 3.1% 9.4% 96
(25) (22) (15) 8) (14) ®) 9)
7 Microwave 18.3% 24.0% 202% 38% 154% 8.7% 9.6% 104
(19) (25) (21) (4) (16) 9) (10)
8 Toaster 13.8% 21.3% 340% 64% 11.7% 4.3% 8.5% 94
(13) (20) (32) (6) (11) (4) (8)
9 CRT TV 58% 26.1% 21.7% 8.7% 8.7% 7.3%  2L.7% 69
(4) (18) (15) (6) (6) (5) (15)
10  Flat panel - LCD and LED TV 5% 45% 8.8% 5% 175% 11.2%  7.5% 80
(4) (36) (7) (4) (14) 9) (6)
11 Radio 155% 29.1% 223% 6.8% 10.7% 3.9% 11.7% 103
(16) (30) (23) () (11) (4) (12)
12 VCR Player 10.8% 241% 145% 6.0% 205% 8.4%  15.7% 83
9) (20) (12) ©) (17) () (13)
13 Laptop 3.9% 52% 8.7% 2.4% 26% 3.1% 3.9% 127
() (66) (11) @) (33) (4) (®)
14 Mobile phone 74%  37.9%  5.9% 15% 355% 7.4% 4.4% 203
(15) (77) (12) ©) (72) (15) (9)
15 CRT Monitor 12.8% 17.9% 23% 10.3% 154% 10.3% 10.3% 39
(%) () (9) (4) (6) (4) (4)
16 Flat panel Monitor 19.7% 27.8% 18.0% 6.6% 14.7% 6.6% 6.6% 61

(12) 17) (11) (4) ) (4) (4)

Table 2: Households’ e-waste disposal methods

Source: Author’s Own Survey, 2018

Note: A (Disposed with household waste); B (Sold to second hand market); C (Given/Sold to scrap dealers); D (Hand over to e-waste
collectors); E (Sold to Individuals); F (Donation) and G (Store at home).
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V. CONCLUSIONS

Generally, predominant destinations of e-waste
generated among households in the study area were
secondhand market and individuals. This suggest a
large flow of e-waste reuse, which has positive
implications for a circular e-waste economy -
reducing the volume of household e-waste that ends in
informal destinations. Based on the questionnaire
survey of this study, a total of 2,739 units of e-waste
was generated within the five-year period of 2013-
2018. Relatively, the quantity of
IT/Telecommunication e-waste accounted for more
than 39% of the total, thus, recycling facilities should
prioritize and support an appropriate
IT/Telecommunication recycling process. However,
the optimal performance of such facility and process
(for any of the e-waste category) largely depends on a
thorough understanding of consumer behavior,
particularly as it concerns factors influencing their
choices of e-waste destination — which is beyond the
scope of this paper. In terms of percentage by weight
(% by wt.) of total household e-waste generated, the
large household and consumer e-waste had the largest
share - 72.9% and 12.2%, respectively. This has
implications for e-waste collection, transportation and
storage facility. In the context of this study area and
time scope, the fate of the e-wastes generated by the
households were mostly informal.
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