
 

Vol. 16(6), pp. 192-206, June 2022 

DOI: 10.5897/AJEST2021.3086  

Article Number: 6A8D4D469240 

ISSN: 1996-0786 

Copyright ©2022 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJEST 

 

 
African Journal of Environmental Science and 

Technology 

 
 
 
 
 

Full Length Research Paper 

Effect of a modified lifetime model on e-waste 
generation in Nigeria under defined reuse options 

 

Odeyingbo O.1*, Baldé C. P.2 and Forti V.2 

 

1
Department of Environmental Technology, Chair of Circular Economy and Recycling Technology,  

Technische Universität Berlin, Straße 135, 10623 Berlin, Germany. 
2
United Nations University (UNU) / United Nations Institute for Training and Research (UNITAR)– SCYCLE Programme, 

Vereinten  Nationen 1. 53113 Bonn, Germany. 
 

Received 14 December, 2021; Accepted 11 February, 2022 
 

Reliable data on e-waste generation is important for environmentally sound management systems. This 
study models e-waste generation from existing data on electrical electronics imports, consumption and 
e-waste generation from Nigerian households. Structured questionnaires were used to obtain 
information on Electrical Electronic Equipment (EEE) use, reuse, and disposal from households in 
Nigeria households. Data from placed on the market (POM) were obtained from United Nations 
University (UNU) for five EEE types (TV, DVD player, refrigerator, desktop and laptop) in Nigeria 
between 1995 and 2019 using the apparent consumption method. A forecast up to 2020 and backcasts 
to 1980 were made based on these data. The lifetime profile for these five EEEs was modeled using the 
Weibull distribution function characterized by a time-varying shape parameter and a scale parameter. 
The POM data from 1980 to 2020 and the lifetime of the selected EEE from households were analyzed 
and fit into the Weibull lifetime distribution functions. The differences between reuse and non-reuse 
options show that around 54 million units of DVD players; 106 million units of CRT TV; 22 million units 
of the refrigerator; 11 million units of laptops and 24 million units of desktop computers would have 
been delayed from transiting into e-waste stream between 1981 and 2020 through reuse options. 
 
Key words: Electronic waste, electrical electronic equipment, lifetime distribution, re-use repair, recycling, 
Nigeria. 

 
 
INTRODUCTION 
 
Waste electrical and electronic equipment (WEEE), or e-
waste includes a wide range of products which comprises 
of any household or business item with circuitry or 
electrical components with power or battery supply 
(Balde et al., 2017) which have been discarded by the 
owner as  waste  without  the  intention  of  re-use  (StEP, 

2014). Global e-waste generation grew by about 9.2 
million metric tonnes (Mt) from 2014 to 2019 which 
makes total e-waste generated worldwide in 2019 to be 

estimated at around 53.6 million tons (Mt), an equivalent 
of 7.3 kilograms per inhabitant (kg/inh). E-waste 
generated   globally  per annum  is  expected   to  exceed 
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74.7 Mt by 2030 (Forti et al., 2020), and up to 111 million 
tons per annum by 2050 (Parajuly et al., 2019). The 
growth in e-waste can be linked to high consumption 
rates of electrical electronic equipment (EEE) with short 
lifetime cycles, and very low repair rate and reuse 
options. Many previous research works have been reported 
in recent times focusing on the e-waste management 
system (Iqbal et al., 2015; Pathak and Srivastava, 2017; 
Imran et al., 2017; Sajid et al., 2019). Several of the 
previous work focused on policy and legislative efforts, 
financing and awareness schemes as part of the solution 
to e-waste management. The reduction of e-waste 
volumes and substantive repair and reuse of EEE have 
been limited so far in the literature. There has been a 
significant quest to understand e-waste generation and 
collection/treatment using Environmentally Sound 
Management (ESM) by stakeholders. The sustainable 

collection and management of information are sometimes 

difficult to achieve especially in developing countries 
because of the lack of e-waste inventory and often 
uncoordinated system boundaries. Previous studies have 
attempted to fill this gap, for instance, Wang et al. (2013) 
applied an input-out analysis linking sales, stock, and 
lifespan data approach. Similarly, the US Environmental 
Protection Agency (EPA) updated two earlier studies and 
estimated e-waste generated quantities using a 
deterministic sales obsolescence method (USEPA, 
2011). The United Nations University (UNU) developed 
an interactive map of e-waste generation to develop a 
global e-waste monitor which used trade data to estimate 
sales and inferred lifespan from stocks and apparent 
sales data (Balde et al., 2017). Previous works have used 
different parameters and approaches to estimate the 
volume of e-waste generation (Araujo et al., 2012; 
Huisman et al., 2012). However, none has presented a 
detailed prognosis of the effect of repair options for End 
of Life (EoL) devices for reuse on the lifetime estimation 
and how this further affects the volume of e-waste 
generated. ―Life-time‖ for this study comprises the active 
use time of an EEE including the extended reuse time 
after repairs by owners/households.  

This study is a follow-up on the Person in Port (PiP) 
project (Odeyingbo et al., 2017) which was carried out 
under the United Nations University (UNU) framework (in 
collaboration with the U.S. Environmental Protection 
Agency (EPA), the Basel Convention Coordination 
Centre for Africa (BCCC) in Nigeria, and Gesellschaft fur 
Internationale Zusammenarbeit, (GIZ) to assess the 
quantity and quality of used electrical electronic 
equipment (UEEE) and e-waste import into Nigeria. The 
PiP provided reliable data by developing an assessment 
approach that combines inspection of incoming containers 
of UEEE and evaluation of import-related documentation. 
The PiP observed the importation of about 60,000- 
71,000 tons of UEEE with about 19% non-functional. 
With a very active repair network, some of the non-
functional   UEEE   are  cannibalized  to  fix  other  UEEE  
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products. This study aims to investigate the role of the 
‗repair and reuse‘ tradition in Nigeria in reducing the 
amount of e-waste generated. This will improve the existing 
data and knowledge by providing a better prognosis of 
the e-waste sector of Nigeria and to further refining and 

complement existing e-waste flow assessment. This study, 
therefore, quantified benefits from EEE reuse and 
especially the savings in the e-waste generation in 
Nigeria. This study fills the gap created by a lack of 
knowledge of the effect of reuse on lifetime calculation 
and improves e-waste generation estimates. Effective 
and continuous capture of data on electrical electronic 
equipment flow is essential for achieving effective 
management plans and projections. The availability of 
data will improve the measurement in the collection rate 
of WEEE and refine the management plans for the proper 
treatment of e-waste. 
 
 
MATERIALS AND METHODS 

 
A household survey approach was applied in this study to develop 
a lifetime model under the specific repair and reuse traditions in 
Nigeria. This study used a combination of put on the market (POM) 
data obtained from UNU data set in and lifetime distributions 
information obtained from a household survey. When EEE are 
placed on the market, it stays in households and businesses which 
represent the active use stage. For this study, the use phase 
includes the repair and reuse effect on the lifetime which varies 
from product to product (Baldé et al., 2020). Reuse through repair is 
a way of extending a product‘s first life beyond the point where it 
has been discarded by its first user. The lifetime includes the time 
the equipment is used after repair and reuse.  
The approach employed for this study involved a general 
calculation approach using household data as a first step in the 
development of a lifetime model with consideration for the effect of 
repair and reuse options which extends the use lifetime in the 
system boundary Nigeria. The EEE lifetime is a fundamental 
variable in calculating e-waste generation which is a key objective 
of this study. Household data obtained through a survey were used 
to express lifetime distribution function using Weibull distribution 
(Magalini et al., 2014; Baldé et al., 2015; Wang, 2014; Xianlai et al., 
2016). 

The household data set focused on the lifetime distributions of 
five EEE consumers and IT electronics. The lifetime distribution for 
reuse and non-reuse of the selected EEE were determined from the 
household survey through the administration of structured 
questionnaires in 400 randomly selected households in the selected 
localities. The questionnaire focused on (i) the usage time by 
consumers before major defects (ii) after repair (iii) how long the 
EEE was used before final disposal. The survey focused on five 
EEE types which include desktop computers, TVs, DVD players, 
laptops and refrigerators.  

A system boundary is drawn to clearly define the lifetime to 
include the repair and reuse options. The inflow and the outflow of 
EEE in the studied system are presented in Figure 1. The total 
quantity of EEE in use by the consumer is regarded as the active 
stock; the age of the products in stock is called the active-stock 
age. These data were obtained through a consumer survey. The 
survey results are then used to construct the disposal- after repair 
and after usage composition and the active-stock age composition. 
The household assessment was carried out in a preliminary part of 
this study. The result on lifetime distribution is presented in Table.1 
is  used  to  estimate  the  volume  of e-waste with reuse option and  
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Figure 1. Assessment approach of flow for e-waste generation from new electrical electronic equipment (NEEE). 

 
 
 

Table 1. Lifetime of NEEE with reuse and non-reuse option among Nigerian households. 
 

UNU KEY  EEE type         Condition Lifetime* Shape (α) Scale (β) 

0303  Laptop 
No reuse 3 6.23 3.85 

Reuse 10 2.11 11.70 

      

0108 Refrigerator 
No reuse 4 5.85 4.18 

Reuse 13 1.79 14.47 

      

0404 DVD player 
No reuse 3 4.26 3.15 

Reuse 12 3.05 13.66 

      

0308 TV CRT 
No reuse 4 6.23 3.85 

Reuse 15 5.10 17.09 

      

0302 
Desktop 
computer 

No reuse 3 3.78 3.51 

Reuse 12 2.59 14.22 
 

Analysis of household survey showing; *Total average number of years.  

 
 
 
non-reuse option. Data on new EEE put on the market (POM) sales 
data from 1980 to 2020 came from the United Nations University 
data. The data were calculated by using the ―apparent consumption 
method‖ which came from internal data based on trade statistics 
from the United Nations University (Forti et al., 2020). The statistics 
on sales from the National e-waste registry which forms the POM 
data does not include data on UEEE import. 
 
 
Lifetime Model  
 
The lifetime profiles of the selected EEE were modelled using 
several probability functions. Data from the household survey were 
used to determine the effect of repair and reuse on lifetime 
distribution using Weibull distribution (Magalini et al., 2014; Baldé et 
al., 2015) for the selected EEE products. The Weibull distribution 
function is considered suitable to relate the ‗discard behavior‘ for 
the EEEs because it exhibits a better data fit characteristic (Wang, 
2014; Xianlai et al., 2016) applied similar application in previous 
scientific literature. The Weibull distribution function is expressed by 
the time-varying shape parameter α(t) and the scale parameter β(t). 
The lifetime is categorized into: <1 year, 2 years, 3-4 years, 5-10 
years, and > 10 years; while the time repair and re-use added to 
lifetime were separated into the lifetimes of: < 1 year, 2-3 years, 4-5 

years, and > 5 years. These steps were taken to refine the 
specificity and plausibility of the objective in determining the effect 
of repair and reuse on lifetime distribution which represents part of 
the steps in calculating the effect of repair and reuse on e-waste 
generation.  

The lifetime distribution analysis for the collected data from the 
questionnaires was carried out using STATA software.  

Stset (STATA function was used to specify the time-to-failure 
variable); streg, (𝑡)=𝑒−𝜆𝑡𝑝 

distribution (Weibull time) was used to 
model each variable using the Weibull distribution. 

Steps 1 and 2 estimate the shape and scale parameters in the 
model. 

Step 1 to 3 was carried out for each of the variables for all the 
EEE. 

The average score for each of the variables for all the EEE was 
computed in order to check the descriptive features of the variables.  
St Curve, survive code was input in STATA function to generate the 
time-to-failure graph using the Weibull distribution calculation of the 
actual number of years used by the EEE. 
Responses to the questions on the duration of use of EEE was on a 
scale code of 1 to 5 where: code 1 = <1 year; code 2 = 2-4 years; 
code 3 = 4-6 years; code 4 = 6-10 years; code 5 = 10+ years. 

To get the average number of years, let f be the frequency for 
each duration of  the  EEE  on  a  scale  of 1 to 5, where 1= <1 year  

 



 
 
 
 
and 5 =10+ years. 

Let m be the mid-point for each of the durations.Let N be the total 
number of respondents to the question on the duration of EEE. 
Then, the average number of years for each EEE before failure is 

 

 
 
Weibull distribution function on Excel

® 
was used to determine the 

average usage times for the five categories of electronics (NEEE), 
and average extended life with repair/refurbish and re-use. The 
analysis of household assessment was the first step in the 
calculation of lifetime. From the household assessment the 
following details were retrieved: 
 
The lifetime of a NEEE before repair;  
The lifetime extension of the equipment in the above scenarios after 
repair/ refurbishment; 
The total lifetime extension with re-use after repair/refurbishment.  
The various stock data were fit into the Weibull lifetime distribution 
functions for determining the lifetime profiles of selected electronic 
devices for this study.  
 
A Weibull function is presented in the Excel® work package to 
show the cumulative distribution function (CDF) and probability 
density function (PDF) values. Weibull (X, alpha, beta, true) 
provides the cumulative distribution function, CDF, at the value of 
X. Weibull (x, alpha, beta, false) provides the probability density 
function, PDF, at the value for X.  
 

Where Weibull CDF is,       𝑒 𝑝 ( (
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Data input 
 
The put-on-market data (POM) of new EEE obtained from UNU 
calculations and lifetime information from households in Nigeria 
were used to calculate the volume of e-waste predicted to be 
generated in a given year. The approach adopted in the 
assessment of EEE flows is presented in Figure 1. This shows a 
graphical flow of source (import), stock considering the 
multidirectional flow between household stock and e-waste stock 
through the effect of repair that encourages reuse of electronics, 
and how reuse affects the volume and rate of e-waste generation. 
The calculation for UEEE import is not included in the analysis.  
E-waste generation calculations are based on a time series of POM 
data in the unit and the average lifetime calculation from Nigerian 
households using the reuse and non-reuse estimate. Stock and 
lifetime models, combined with time-series stock data with lifetime 
distributions of products were used to estimate e-waste generation 
(Binder et al., 2001;   ller et al., 2009; Walk, 2009). The quantity of 
e-waste produced (in units) from NEEE was calculated from the 
time-series of POM data and the UNU e-waste data set for Nigeria 
for the period 1980-2020 (Supplementary Table S2-S3), considering 
the various rates of obsolescence in the evaluation year n. 
However, due to scanty reliable import data of UEEE import 
beforethe year 2015, further calculation of waste generation from 
imported UEEE was not included in this analysis. The only reliable 
data for UEEE import into Nigeria were reported by Odeyingbo et 
al. (2017) who reported that 60,000 - 71,000 tonne/annum of 
household UEEE such as refrigerator, laptop, desktop computer, 
CRT TV, DVD player etc. were imported for the year 2015 and 2016  
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and 2017. See for details of imported UEEE in Odeyingbo et al. 
(2017). 
 

             (1) 
 
where e-waste generated (n) is the quantity of e-waste generated in 
evolution year n, POM (t) is the product sales (Put on Market) in all 
historical years (t) before year n; t0 is the initial year that a product 
was sold; L((p) (t, n) is the discard-based lifetime profile for the 
batch of products sold in the historical year t. The approach makes 
use of quantity (in numbers) of POM of EEE in the year 1980 to 
2020 (Supplementary Table S1 using the ―apparent consumption 
method‖ (equation 2). The POM in a historical year t equals the sum 
of imports of EEE in the year t minus the EEE exported in the same 
year (Wang, 2014; Forti et al., 2018). Generally, there is little or no 
domestic production of EEE in Nigeria. 
 
POM (t) = Imports (t) – Exports (t)                                                  (2) 
 
The discarded-based lifetime profile for a product was modelled 
using the Weibull distribution function i.e. a time-varying shape 
parameter α(t) and β(t), a scale parameter as 
 

                                          (3)        
 

                       (4) 
 
The lifetime, L(

p)
 (t, n), represents the lifetime profile of the EEE 

product sold in a historical year. This reflects the probable 
obsolescence rate in evaluation year n. Weibull distribution function 
was used to describe discard behaviour for the EEE product 
(Wang, 2014). The data were analysed using the Graphpad Prism® 
version 6 software package and the area under the curve of the 
variation in the comparative analysis were obtained (Figure 2). The 
differences in the quantity of e-waste reduction were used to 
determine the volume, rate in percentage of transition, and mass of 
e-waste reduction. 

To further compare the e-waste generated data for this study, the 
mean number of EEE products in the household study was used to 
calculate the total household stock in Nigeria from 2013 to 2018. 
This was calculated by multiplying the average number of EEE 
devices per household and the total number of households in 
Nigeria reported in the literature (Euromonitor, 2018). Furthermore, 
sensitivity analysis was carried out with an average margin of error 
of ±30% based on the uncertainty of the POM forecast and variation 
in lifespan results. 

 
 
RESULTS AND DISCUSSION 
 
Lifetime calculation  

 
This study observed that repair and activities have a 
significant positive influence on the lifetime of a new TV. 
Most of the respondents in this study (approximately 
74%) indicated that faulty electronic equipment could be 
repaired and reused at least twice before disposal. Hence 
an increase in the total lifetime was observed for the 
studies EEE  before disposal. The household analysis for  
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Figure 2. EEE placed in the market annually in (units) for 1980-2020 (UNU data) and mostly new 
items). 

 
 
 
the determination of lifetime distribution for EEE without 
reuse and reuse options show that repair of EEE 
significantly contributed to improvement in their usage 
time. For instance, it improves the lifetime of TV from 4 
years to about 15 years, desktop PC from 3 to 12, a 
refrigerator from 4 to 13, DVD players has an average 
usage time of 3.9 years before requiring any repair, and 
repair activity extend the lifetime to 13 years. 
Traditionally, faulty EEE are not quickly discarded in 
Nigeria because of reuse tradition which is stimulated by 
cheaper repair cost. Repair and refurbishing activities 
extend the lifetime of used, damaged or outdated 
electronics products through the replacement of defective 
components. Repair activities in Nigeria involve the 
restoration of the performance and functionality of EEE 
products through fixing technical faults and restoring 
them to functional status. Table 1 shows the non-reuse 
lifetime and total lifetime after reuse profiles for new EEE 
in Nigeria households; the total average number of years 
(lifetime) and Weibull lifetime distribution.  

The authors‘ results showed that repair activity reduces 
the transformation of EEE to e-waste. Repair and 
refurbishing activities ensure EEE reach the possible 
optimal lifetime, while also contributing to sustainable 
development because of its potential to minimize further 
emission throughout the lifecycle of EEE and improved 
the product longevity (Evans and Cooper, 2010). Cooper 
(2010) also noted that repairing, refurbishing and reusing 
extend the lifetime of products as the best option in terms 
of environmental benefits. The higher  lifetime  of  EEE  in 

Nigeria further reflect the real dynamics of repair and 
reuse in the EEE sector (Table 1).  
 
 
E-waste generation 
 
Area under curve (AUC) analysis estimates and compares 
the concentration or quantity of more than one parameter 
(that is, electronics with or without reuse) in a given 
period. It measures the total area below the plotted curve 
of each parameter for the sake of comparison. Therefore, 
parameters with high AUC have a large total area below 
their plotted curves. 

Consequently, a large total area below the plotted 
curves of the parameters indicates a large quantitative 
value of such parameters within the given period. In the 
present study, AUCs of each electronic device (non-
reuse and reuse) between 1981 and 2020 were compared.  

For laptops, the AUC of non-reuse (18248) was higher 
than that of reuse (7504) (Figure 3A), which indicates a 
larger quantity of non-reuse laptops than reuse laptops 
between 1981 and 2020. A similar trend was seen for 
DVD player (reuse: 20425; non-reuse: 44293), TV (reuse: 
103261; non-reuse: 147238), refrigerator (reuse: 21633; 
non-reuse: 42597), and desktop (reuse: 20425; non-
reuse: 44293) (Figures 3B-E). This implies that all 
electronics under non-reuse were larger in quantity than 
those under reuse. The difference between the quantity 
under reuse and non-reuse was calculated for each 
electronic  and  the  AUC of this difference was compared 
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Figure 3: Comparison of Reuse and Non-reuse (A-E).  

 
 
 
for each electronic. The AUC of the difference between 
reuse and non-reuse for each electronics is in the 
following order: television (106087) > DVD player (54098) 
> desktop (24778) > refrigerator (20965) > laptop 
(10914). This indicates that television had the largest 
difference, while laptop had the least difference.  

With the explanation on AUC provided above, it is clear 
from Figure 3E that the total area covered by non-reuse 
TV was much higher, considering the sharp rise between 
1981 and 2011. The total area below this region was 
much higher than that of the reuse. The reuse only had a 
higher area coverage than non-reuse from 2011 to 2021, 
which  is   a  shorter  range  compared  to  1981  to 2011. 

Therefore, when these ranges were compared, the 
authors found that the non-reuse had more coverage 
regardless of its low coverage between 2011 and 2021. 
The electronic wastes generated between 1981 and 2020 
under reuse had an AUC in order of television 
(143401)>DVD player (42061)>refrigerator 
(21633)>desktop (20425)>laptop (70504). On the other 
hand, e-wastes generated under non-reuse is in the order 
of television (147238)>DVD player (96022)>desktop 
(44293)>refrigerator (42597)>laptop (18249). From the 
above, television and laptop were the highest and lowest 
e-wastes generated from 1981-2020, respectively, both 
under reuse and non-reuse. 

 
 

 
 

 
A. AUC Reuse-7504, AUC Non-reuse -18248        B. AUC Reuse-20425, AUC Non-reuse-44293 

 
C.AUC Reuse-21633, AUC Non-reuse-42597                  D. AUC Reuse-42061, AUC Non-reuse-96158 
 E. AUC Reuse-143401, AUC Non-reuse-147238 
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Table 2. Total e-waste generation prevention rate in percentage and mass in tons. 
 

UNU key EEE type 
Average 
weight (kg)*  

Devices prevented from transiting to waste 
Kg/Inh 

Unit Quantity (t)    % 

0407 CRT 33.20 106,088,917 3,522,333 67 17 

0404 DVD player 3.51 54,085,044 189,838 55 1 

0108 Refrigerator 16.71 21,455,594 358,523 49 1.7 

0303 Laptop 8.76 11,227,945 98,357 58 0.5 

0302 Desktop 10.33 23,814,665 246,005 52 1.2 
 

Forti et al. (2018)*. 

 
 
 
Effect of reuse and non-reuse function on e-waste 
generation 
 
A comparative analysis between e-waste generation 
using repair and non-repair effects are presented in 
Figure 3A to 3E. The quantity in the unit of e-waste 
generated between the e-waste calculations with the 
reuse option was subtracted from the e-waste generated 
calculation without the reuse option. The differences 
show that around 54 million units of DVD players; 106 
million units of CRT TV; 22 million units of the 
refrigerator; 11 million units of laptops and 24 million units 
of desktop computers would have been delayed from 
transiting to the e-waste stream between 1981 to 2020 
through reuse options. The data and calculation 
presented in Figure 3A-3E.indicated that the extension of 
EEE product life through, repair and reuse have revealed 
its effectiveness in reducing the generation of WEEE, 
hence it has tremendous environmental and resource 
benefits. The advantages of repair and reuse provide 
alternative means to hold on to electronics devices for 
longer use time, often for the low-income households, it 
reduces waste generation, protects the environment and 
supports household income through employment. In the 
study area, repair options often reinstate a faulty EEE 
product to a serviceable /functional condition.  

The result obtained in this study corroborates one of 
the principles of circular economy of keeping products 
and materials in use by extending the productive life of 
resources (Blomsma and Brennan, 2017), and retaining 
resource value (Reike et al., 2018), which arguably has a 
positive net effect on the environment. It is the opposite 
of linear economies which are often used and disposed 
of. The result from this study support restoration of 
damage EEE leads to a reduction in the transition of EEE 
to e-waste by deviating from a linear to a circular 
economy through repair and reuse. The calculation of 
lifetime and e-waste generation obtained in this study has 
refined and complemented existing e-waste flow 
assessment works by integrating lifetime data of EEE 
with the effect of repair and reuse in Nigerian 
households. Further calculation presented in Table 2 
shows that massive 3,522,333 (t) of CRT TV, 189,838 (t) 
of DVD player, 358,523  (t)  of  refrigerator,  98,357  (t)  of 

laptop, and 246,005 (t) of desktop PCs were prevented 
from transition to e-waste.  

Data from 400 randomly selected households in the 
selected study area shows that an average of 1.6 and 1.7 
units of TV and DVD respectively is calculated per 
household, while 0.7 of desktop, 0.1 of laptop and 0.7 
units of refrigerator per household was further calculated. 
To further assess the quantity of e-waste generated 
based on the calculation from Nigerian households, the 
mean EEE possession in the household was used to 
calculate the total stock of the researched appliances in 
Nigeria household by multiplying the average EEE 
possession with the total number of households in 
Nigeria from 2013 to 2018. The dataset published by 
Euromonitor International (2018) was used as a 
reference for the total household in Nigeria. The calculated 
data was further used in estimating the total household 
stock of the selected EEE devices (Table 3). The numbers 
of households for the periods under consideration are 
36.07 M in 2013; 37.17 M in 2014, 38.29 M in 2015, 
39.42 in 2016, 40.56 in 2017 and 41.73 M for 2018 using 
the EEE data possession from the household survey and 
the total number of households in Nigeria (Table 3).  

There is a significant disparity in the calculated 
household stock data and the calculated stock in pieces 
using the POM data (Table 4). This further show that 
UEEE imports are not included in the national statistic 
hence they cannot be accounted for or traced. This 
finding shows that calculating the average quantity of 
appliances per household with the number of EEE in 
stock from the household survey in Nigeria can be a 
practical approach to further support the approach which 
uses calculations based on POM data and lifetimes 
model. The data reflect that EEE use and e-waste 
generation is increasing. The transition, however, is 
proportional to the lifetime of the selected equipment. The 
comparative analysis of the POM calculation approach 
and household approach in calculating stocks in the 
system has given more plausible data on the stock of 
EEE in Nigeria. It has further improved the lifetime model 
for developing country under the specific repair, 
refurbishing and reuse tradition on e-waste to active 
practical estimates that reflects the real-time situation in 
Nigeria. 
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Table 3. Estimated EEE possession in Nigeria per household, based on household data. 
 

EEE type 
Possession 

per household 

Total quantity in pieces (x1000) 

2013 2014 2015 2016 2017 2018 

Desktop 0.7 27,416 28,253 29,098 29,958 30,829 31,711 

TV 1.6 57,718 59,480 61,260 63,070 64,904 66,762 

DVD player 1.7 61,325 63,197 65,089 67,012 68,960 70,934 

Notebook 0.1 3,607 3,717 3,828 3,941 4,056 4,172 

Refrigerator 0.7 24,891 25,650 26,418 27,199 27,989 28,791 

 
 
 
Table 4. Comparison of total household stock using modeled POM-lifetime data and household data in Nigeria ((X1000) in unit. 
 

Year PCs* PCs** TV * TV** DVDplayer* DVDplayer** Laptop* Laptop ** Refrigerator* Refrigerator** 

2013 27,416 29,423 57,718 110,607 61,325 60,554 3,609 8,478 24,891 22,857 

2014 28,253 30,051 59,480 103,111 63,197 63,799 3,717 10,221 25,650 25,026 

2015 29,098 30,262 61,260 95,001 65,089 64,959 3,828 12,453 26,418 26,967 

2016 29,958 30,053 63,070 86,191 67,102 67,409 3,941 13,765 27,199 28,922 

2017 30,829 30,726 64,904 76,654 68,960 68,340 4,056 15,240 27,989 28,873 

2018 31,711 31,175 66,762 66,461 70,934 68,617 4,172 16,605 28,791 28,770 
 

*Household survey stock (HSS), **POM lifetime Modeling data (PLM). 

 
 
 
To further validate the amount of e-waste generated a 
comparative analysis of calculated stock age from POM 
data presented was compared to the calculated 
household stock from Nigeria households. Table 4 shows 
the comparison between the stock data calculated from 
Nigerian households and the stock data calculated using 
the POM data. The result for CRT reflects the decline in 
the production and subsequent importation of CRT TV 
between the years 2005-2007. This fact has a significant 
effect on the quantity of e-waste generation. The result 
further shows that the availability of CRT in households is 
sustained by the continuous repair, refurbishing and 
reuse activities which significantly affect the lifetime and 
high retention in households. For Laptops, the disparity in 
the household and POM calculation could be connected 
to the fact that most laptops are used and retained in 
businesses and offices hence it might not have been 
captured in the household calculations.  

Analysis of the data presented in Table 4 using the 
Wilcoxon signed ranks test, negative ranks and positive 
ranks show that there is no significant difference between 
a desktop computer, DVD player and refrigerator.  
The extension of lifetime through repair and reuse is 
based on the concept of Circular Economy (CE). The 
circular economy concept in the electronic sector can 
slow down the rate of EEE consumption by circulating 
them within the system for the longest possible time and 
minimizing e-waste generation through smarter product 
design and business model Parajuly et al. (2017) which 
integrates repair and reuse possibilities. This can only be 
achieved   through   joint   efforts   across   the  upstream, 

midstream and downstream players of the value chain 
who extend lifetime through maintenance operations (that 
is, restoration, repair, refurbishment and replacement of 
defective components to the original as-new condition). 
Numerous benefits exist in the circular economy 
approach which includes the creation of employment 
opportunities, well designed, long-living products through 
increased maintenance, repaired and refurbishing activities 
(Ranasinghe and Athapattu, 2020). The result from this 
study clearly shows that low material circularity in the e-
waste sector enhances e-waste generation. A transition 
towards a circular economy can limit e-waste generation 

improve resource efficiency, reduce environmental impacts 
and promote a healthy environment for workers and local 
communities. 
 
 
Data uncertainty 
 
Sensitivity analysis (adopting ±30% projections) for each 
of the electronic devices under the reuse and non-reuse 
AUCs are presented in the supplementary tables. Data 
on TV under reuse from 1981 to 2020 was sensitive to 
±30% projections (-30%, 140378; normal, 143401; +30%, 
146475), whereas television under non-reuse did not fit 
well for projections (-30%, 193364; normal, 147238; 
+30%, 194211). In other words, data on television under 
reuse are well-fitted to make future projections in contrast 
to those of under non-reuse (Supplementary Figure 1A). 
For a data model to be well-fitted for future projections, 
the AUC of the lower boundary must be below the normal  
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value, while that of the upper boundary must be above 
the normal value. Data on DVD player under Reuse        
(-30%, 40793; normal, 42061; +30%, 43366) and Non-
reuse (-30%, 94601; normal, 96022; +30%, 97663), 
laptop under reuse (-30%, 7292; normal, 7504; +30%; 
7753) and non-reuse (-30%, 17578; normal, 18249; 
+30%, 18522), refrigerator under reuse (-30%, 21540; 
normal, 21633; +30%, 22355) and non-reuse (-30%, 
41758; normal, 42565; +30%, 43423) (Supplementary 
Figure. 1A-B); and desktop under reuse (-30%, 20371; 
normal, 20425; +30%, 20479) and non-reuse (-30%, 
43733; normal, 44293, +30%, 44881) were all sensitive to 
±30% projections, thus indicating their fitness for future 
projections.  

The authors study has several limitations. The lack of 
consistent data on UEEE import data to Nigeria limited 
our calculation for the e-waste generated from UEEE 
import. 
 
 

Conclusions 
 
The lifetime model indicated that repair activities 
encourage reuse and prevent the generation of e-waste 
by 67% for cathode-ray television, 55% for DVD players, 
49% for refrigerators, 58% for laptops and 52% for 
desktops on yearly basis. The observation from this study 
reveals that UEEE import is not declared or undeclared in 
the import statistics. The lack of consistent data on the 
importation of UEEE has made the calculation of UEEE 
transition to e-waste difficult. The availability of reliable 
data on e-waste generation is a prerequisite to an 
effective e-waste management system. An effective 
collaborating system between all the stakeholders in the 
e-waste management system is required for a successful 
transition to a sustainable e-waste management system.  
The effective collection, management and update of data 
on e-waste generation can be sustained if national 
guidance that stipulates the registration, report on the 
market input and output, the fundamental of the level 
playing field for operators in the EEE import and 
manufacturing is strictly adhered to. For instance, the 
POM data represent a key parameter used in the 
computational calculation of waste generation. The 
preservation of consistent datasets such as the National 
e-waste registry is one of the key instruments for the 
assessment of entire lifecycle production and distribution 
through the final recovery and recycling of e-waste.  
There is a need for an effective and sustainable data 
management system for UEEE and EEE imports. A 
consistent computation of POM data set from the 
National Bureau of statistics will be necessary to serve as 
an alternative source of data that can be used to 
complement or compare the data from the national e-
waste registry. The e-waste generation data can be used 
as a basis for further analysis and how such analysis can 
be used to make future projections that would serve as a 
caution for the proliferation of environmentally  hazardous 

 
 
 
 
substances that emanate from these e-wastes. These 
steps are important steps for e-waste management in 
Nigeria. The calculated e-waste generated further 
highlights the potential business opportunities associated 
with the huge volume of waste in Nigeria. At the end of 
multiple uses of electronic appliances and components, 
there is still a gap that needs to be filled by an effective 
recycling system in the management of pollutants and e-
waste-related hazardous health effects, while also 
transiting to the attainment of the set United Nations 
Sustainable Development Goals (SDG). As observed in 
the study, it is still difficult to estimate and maintain data 
for the quantity of POM of imported UEEE. Furthermore, 
the non-availability of data on the quantity of 
transboundary movements of UEEE and WEEE creates 
difficulty in addressing issues such as proper estimation 
of collection and recycling to meet legislative targets. The 
establishment of trade codes for used appliances will 
facilitate effective tracking of the imported used electronic 
appliances. 
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APPENDIX   
 

Supplementary Table 1. Put on market data (POM) data. 
 

Year Laptop DVD Desktop  Refrigerator CRT TV 

1980 0 0 0 167,064 2,412,814 

1981 4,939 0 0 179,983 2,599,390 

1982 10,148 0 0 193,323 2,792,058 

1983 15,634 0 23,816 207,179 2,992,172 

1984 21,414 50,530 48,933 221,702 3,201,910 

1985 27,517 103,889 75,454 237,025 3,423,209 

1986 33,968 160,310 103,495 253,211 3,656,983 

1987 40,786 219,985 133,145 270,253 3,903,114 

1988 47,985 283,077 164,478 288,147 4,161,533 

1989 55,569 349,666 197,525 306,835 4,431,434 

1990 63,538 419,807 232,307 326,283 4,712,311 

1991 71,902 493,576 268,861 346,493 5,004,196 

1992 80,597 570,555 306,956 367,155 5,302,608 

1993 89,717 651,401 346,946 388,694 5,613,680 

1994 99,279 736,269 388,907 411,142 5,937,887 

1995 109,298 552,822 432,913 458,468 7,820,576 

1996 47,873 574,345 283,191 448,617 6,485,730 

1997 166,473 1,440,304 609,241 431,327 4,956,483 

1998 157,840 1,310,667 592,354 586,225 5,162,406 

1999 123,579 1,597,213 598,630 881,539 5,375,906 

2000 87,011 852,891 604,806 879,775 5,301,909 

2001 58,397 817,327 850,502 877,248 8,549,785 

2002 28,142 1,951,023 1,569,450 761,768 10,386,693 

2003 39,609 2,928,800 2,120,349 639,262 12,217,242 

2004 214,942 4,866,974 1,905,973 1,923,539 21,741,158 

2005 217,543 4,651,200 1,682,156 2,090,593 22,347,379 

2006 414,242 4,967,610 2,184,597 2,979,155 22,512,487 

2007 617,372 6,406,774 2,302,107 3,312,415 564,310 

2008 1,016,481 6,595,319 2,793,064 3,194,005 289,915 

2009 1,561,711 6,923,248 2,532,924 1,639,396 0 

2010 1,364,679 5,667,213 3,276,933 1,659,398 0 

2011 1,155,622 7,413,011 4,059,929 1,679,252 0 

2012 1,112,905 6,386,911 4,418,338 1,443,896 0 

2013 1,645,423 6,265,890 2,745,397 3,808,947 0 

2014 2,206,403 6,133,437 2,020,756 3,486,493 0 

2015 2,796,980 4,484,364 1,779,173 3,376,122 0 

2016 1,997,811 6,220,463 1,531,350 3,512,874 0 

2017 2,290,760 5,135,076 2,577,893 1,637,473 0 

2018 2,317,663 4,886,778 2,501,821 1,686,217 0 

2019 2,344,305 4,620,924 2,419,607 1,741,120 0 

2020 2,370,665 4,336,763 2,330,985 1,799,674 0 

2021 2,396,705 4,033,487 2,235,662 1,858,874 0 
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Supplementary Table 2. E-waste generated with repair and  reuse effectEwaste  generated under 
Reuse and repair effect. 
 

Year DVD LAPTOP Desktop TV Refrigerator 

1981 - 0 - 6 2,414 

1982 - 58 - 116 6,691 

1983 - 241 - 699 12,670 

1984 - 620 64 2,620 20,220 

1985 53 1264 321 7,477 29,223 

1986 328 2235 952 17,849 39,558 

1987 1,118 3592 2,174 37,536 51,108 

1988 2,842 5383 4,234 71,735 63,760 

1989 6,035 7644 7,398 127,087 77,404 

1990 11,335 10405 11,937 211,480 91,938 

1991 19,451 13683 18,117 333,475 107,268 

1992 31,126 17485 26,187 501,234 123,309 

1993 47,084 21812 36,363 720,903 139,983 

1994 67,982 26659 48,825 994,614 157,229 

1995 94,359 32013 63,706 1,318,553 174,998 

1996 126,315 37865 81,096 1,681,897 193,600 

1997 163,376 43359 100,516 2,067,565 212,414 

1998 205,606 49644 122,191 2,455,305 230,923 

1999 253,610 56641 146,312 2,826,558 251,199 

2000 307,899 63827 172,771 3,169,434 276,654 

2001 368,285 70571 201,330 3,481,423 305,536 

2002 433,419 76322 232,291 3,768,282 336,947 

2003 502,801 80551 267,783 4,039,709 368,503 

2004 578,036 83275 311,105 4,304,449 398,295 

2005 663,747 86569 364,146 4,567,394 445,035 

2006 766,397 90802 427,172 4,829,757 505,329 

2007 892,143 98395 501,220 5,091,329 588,839 

2008 1,048,156 112014 587,203 5,353,201 694,172 

2009 1,242,145 136492 686,366 5,619,699 814,512 

2010 1,480,489 178359 798,387 5,899,467 924,128 

2011 1,766,009 235212 923,767 6,206,360 1,026,943 

2012 2,098,595 302751 1,064,462 6,559,686 1,122,934 

2013 2,475,319 377770 1,222,142 6,982,502 1,208,109 

2014 2,888,145 463625 1,392,489 7,496,250 1,317,223 

2015 3,325,165 564757 1,567,961 8,110,579 1,435,341 

2016 3,769,816 686017 1,740,962 8,809,337 1,558,328 

2017 4,203,910 815776 1,904,020 9,537,055 1,686,173 

2018 4,610,238 952730 2,053,315 10,193,027 1,789,219 

2019 4,972,064 1093587 2,185,972 10,639,956 1,874,462 

2020 5,275,553 1207823 2,299,227 10,730,002 1,944,124 
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Supplementary Table S3. E-waste  generated without repair and  reuse effect 
 

Year DVD LAPTOP DESKTOP TV REFRIGERATOR 

1981 - - - 3,384 319 

1982 - 10 - 128,568 7,842 

1983 - 388 - 995,809 50,167 

1984 - 3,122 790 2,412,982 137,400 

1985 1,610 8,235 6,412 2,689,599 181,299 

1986 16,763 13,648 21,845 2,886,185 195,323 

1987 58,635 19,351 45,268 3,091,176 209,306 

1988 112,235 25,367 71,541 3,306,575 223,966 

1989 169,142 31,724 99,368 3,533,862 239,418 

1990 229,316 38,442 128,781 3,773,572 255,716 

1991 292,901 45,537 159,853 4,025,610 272,867 

1992 359,986 53,016 192,628 4,289,619 290,852 

1993 430,622 60,884 227,131 4,564,964 309,632 

1994 504,767 69,141 263,348 4,851,122 329,166 

1995 582,402 77,766 301,274 5,146,816 349,390 

1996 655,150 86,777 341,002 5,453,930 370,302 

1997 665,787 96,083 376,171 5,849,174 392,980 

1998 621,300 100,845 389,715 6,639,105 419,921 

1999 825,150 85,184 410,965 7,144,607 445,180 

2000 1,246,216 112,873 495,979 5,943,748 453,028 

2001 1,392,925 159,406 578,835 5,126,265 494,538 

2002 1,320,430 137,117 606,403 5,257,789 642,010 

2003 1,018,496 102,124 683,749 5,528,861 819,595 

2004 1,196,749 69,684 946,830 6,747,744 872,421 

2005 2,089,100 43,481 1,411,409 9,310,290 840,043 

2006 3,308,625 48,161 1,812,099 11,601,606 809,263 

2007 4,440,022 136,681 1,910,516 16,105,772 1,054,880 

2008 4,823,321 232,175 1,899,403 21,661,870 1,753,117 

2009 5,343,692 343,150 2,060,294 

 

2,329,952 

2010 6,198,714 558,819 2,332,783 

 

2,886,739 

2011 6,610,607 880,428 2,568,264 

 

3,132,417 

2012 6,541,494 1,304,354 2,796,049 

 

2,756,182 

2013 6,392,183 1,443,671 3,216,397 

 

1,963,257 

2014 6,777,812 1,256,449 3,752,771 

 

1,660,237 

2015 6,533,483 1,181,654 3,817,581 

 

1,714,995 

2016 6,201,926 1,456,080 3,156,328 

 

2,177,506 

2017 5,723,128 2,003,929 2,334,265 

 

3,225,616 

2018 5,281,374 2,480,180 1,898,210 

 

3,512,606 

2019 5,567,206 2,393,561 1,883,546 

 

3,351,993 

2020 5,250,726 2,176,276 2,191,346 

 

2,930,868 

 
 
 
 
 
 
 
 



Odeyingbo et al.          205 
 
 
 

Supplementary Figure 1A-B. Sensitivity Analysis. 
 

 

Sensitivity analysis for Television waste generated under Reuse (A) and Non-reuse (B) with ±30% 

projection AUC-Area under the curve. Source: Authors. 

 

 

Sensitivity analysis for DVD waste generated under Reuse (A) and Non-reuse (B) with ±30% projection AUC-

Area under the curve. Source: Authors. 

 

 

Sensitivity analysis for Laptop waste generated under Reuse (A) and Non-reuse (B) with ±30% projection 

AUC-Area under the curve. Source: Authors. 
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Supplementary Figure 1A-B Cont’d. Sensitivity Analysis. 

 

 
Sensitivity analysis for Refrigerator waste generated under Reuse (A) and Non-reuse (B) with ±30% 

projection AUC-Area under curve.  Source: Authors. 

 

 

 Sensitivity analysis for Desktop waste generated under Reuse (A) and Non-reuse (B) with ±30% projection 

AUC-Area under the curve. Source: Authors. 

 
 
 
 


