Babayemi et al. Environ Sci Eur (2019) 31:60 . .
https://doi.org/10.1186/512302-019-0254-5 O Environmental Sciences Europe

RESEARCH Open Access

. . ey s i ®)
Ensuring sustainability in plastics use s

in Africa: consumption, waste generation,
and projections

Joshua O. Babayemi'? ®, Innocent C. Nnorom**, Oladele Osibanjo® and Roland Weber®

Abstract

Background: Currently, plastic is at the top of the international agenda for waste management. Recent meetings of
the Conferences of the Parties to the Basel and the Stockholm Conventions have expressed concerns over the impact
of plastic waste, marine plastic litter, and microplastics, and emphasised the importance of reducing consumption
and ensuring the environmentally sound management of waste plastics. This study presents the first continental
historical analysis of mass importation and consumption of different polymers and plastics (primary and secondary
forms, respectively) in Africa and the associated pollution potential. We identified, collated and synthesised dispersed
international trade data on the importation of polymers and plastics into several African countries.

Results: The 33 African countries (total population of 856,671,366) with available data for more than 10 years
imported approximately 86.14 Mt of polymers in primary form and 31.5 Mt of plastic products between 1990 and
2017. Extrapolating to the continental level (African population of 1.216 billion in 54 countries), about 172 Mt of poly-
mers and plastics valued at $285 billion were imported between 1990 and 2017. Considering also the components of
products, an estimated 230 Mt of plastics entered Africa during that time period, with the largest share going to Egypt
(43 Mt, 18.7%), Nigeria (39 Mt, 17.0%), South Africa (27 Mt, 11.7%), Algeria (26 Mt, 11.3%), Morocco (22 Mt, 9.6%), and
Tunisia (16 Mt, 7.0%). Additionally, primary plastic production in 8 African countries contributed 15 Mt during 2009-
2015.The assessment showed that environmentally sound end-of-life management of waste plastics by recycling and
energy recovery is in its infancy in Africa, but recycling activities and thermal recovery have started in a few countries.

Conclusions: Globally, the perception is that production and consumption of plastics can only increase in the future.
Solutions are needed to tackle this global challenge. Certain policies and plastic bag bans could help reduce plastic
consumption in the near future, as demonstrated by Rwanda. Furthermore, there is a need for innovative solutions
such as the introduction of biodegradable polymers and other alternatives, especially for packaging.
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Background

In recent decades, the production and consumption of
plastics have increased owing to increasing applications
that rely on the good characteristics of plastics such as
light weight, strength, durability, affordability, corrosion
resistance and low production costs [1]. Between 1950
and 2015, about 8300 million tonnes (Mt) of virgin plas-
tics were produced across the globe, generating approxi-
mately 6300 Mt of plastic wastes, of which around 9%
have been recycled, 12% incinerated, and 79% accumu-
lated in landfills [2]. Current worldwide production of
plastics is around 300 Mt/year, with 57 Mt/year produced
in the European Union [3]. Globally, the yearly average
per capita plastic consumption is 43 kg [4]. In India, the
consumption of plastics increased from 0.4 Mt/year in
1990 to 4 Mt/year in 2001, and it was expected to rise to
8 Mt/year in 2009 [5] and 16.5 Mt/year in 2017/18 [6].
In Asia, plastic use is 20 kg/capita/year, while in Western
Europe and North America the average is 100 kg/capita/
year [7]. Plastic consumption increases with GDP [8].!
Waste plastic represents a considerable proportion of the
total waste stream in many countries. The total misman-
aged plastic waste globally in 2010 was estimated at 32
Mt [9]. Currently, plastic waste poses human and envi-
ronmental issues globally and especially for African
countries, which have a high proportion of mismanaged
waste plastics and lack state-of-the-art recycling facilities
[10].

Depending on type and use, plastic contains a wide
range of additives such as plasticizers, flame retard-
ants, antioxidants, acid scavengers, light and heat sta-
bilisers, lubricants, pigments, antistatic agents, slip
compounds, and thermal stabilizers. These additives are
used in plastics for various purposes [2, 11-14]. Many of
these additives have toxic effects and some are classified
as endocrine disrupting chemicals [EDCs; e.g. bisphe-
nol A or diethylhexylphthalate (DEHP)]. Several others
have been listed as persistent organic pollutants (POPs),
including the flame retardants polybrominated diphe-
nyl ethers (PBDEs), hexabromobiphenyls (HBB), hexa-
bromocyclododecane (HBCD), short-chain chlorinated
paraffins (SCCPs) and the fluorinated tensides like per-
fluorooctanoic acid (PFOA). The largest share of plastics
however is not flame retarded and does not contain POPs
as additives.

Inappropriate use and disposal of waste plastics may
result in the release of toxic substances, which is facil-
itated by open burning of e-waste plastics from vehi-
cles and cables [15—18]. Hazardous chemicals can also

! https://ourworldindata.org/grapher/per-capita-plastic-waste-vs-gdp-per-
capita.
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migrate from the plastic matrix leading to exposure via
direct contact, for example from toys or kitchen tools
that are partly produced from recycled plastic [15] or
soft PVC used in toys or medical devices [19, 20]. On
the other hand, additives in food packaging plastics or
water bottles are controlled and regulated in industri-
alised countries. In Africa, the regulations on plastic
additives and other chemicals in products are weak [21,
22].

Furthermore, most polymers are resistant to degra-
dation, thus most plastic debris may persist in the envi-
ronment for decades or centuries [22, 23] and may be
transported far from the source [1]. An estimated over 4
Mt of plastic waste generated on land entered the marine
environment in 2010 alone [9]. Currently this is estimated
at 8 Mt/year [4]. The most common monomers used to
make plastics are derived from fossil hydrocarbons and
the resulting products are not biodegradable [2], hence
the high persistence in the environment.

Currently, plastic is at the top of the international
agenda for waste management. Recent meetings of the
Conferences of the Parties to the Basel and the Stock-
holm Conventions “encouraged regional and coordi-
nating centres to work, under the Convention, on the
impact of plastic waste, marine plastic litter, micro-
plastics and measures for prevention and environmen-
tally sound management” [14]. Mixed plastic waste
was listed in the Basel Convention Annexes as hazard-
ous waste to control during international trade [24].
The global problem of increasing plastic waste and the
associated pollution, marine litter, biodiversity and
human health effects were recognised at each of the
first four meetings of the United Nations Environment
Assembly (UNEA 4). UNEA 4 addresses the analy-
sis of voluntary commitments targeting marine litter
and microplastics pursuant to Resolution 3/7 (UNEP/
EA.3/Res.7.).

In a previous study, we compiled primary data on
plastic imports into Nigeria [25]. Our study revealed
that large amounts of plastics have entered Nigeria over
the years, but robust continental-scale information is
still lacking in Africa. Many data gaps have been iden-
tified in Africa concerning plastics and the associated
wastes [10]. We present the first historical analysis of
mass importation of polymers and plastics in primary
and secondary forms and the associated pollution poten-
tial in Africa by identifying and synthesising dispersed
international trade data on plastic importation and local
production. The connection between trade and inventory
data and the waste and pollution potential can eventually
be used as a tool to develop counter-measures, improve
prevention and management programmes, and calcu-
late recycling quotas [25]. We also assessed the volume
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Table 1 HS classification of plastics and articles thereof

HS code Classification of plastics

3901 Polymers of ethylene, in primary forms

3902 Polymers of propylene or other olefins, primary forms

3903 Polymers of styrene, in primary forms

3904 Polymers of vinyl chloride, etc,, in primary forms

3905 Polymers of vinyl acetate and other vinyl polymers, primary
forms

3906 Acrylic polymers in primary forms

3907 Polyethers, epoxides and polyesters, primary forms

3908 Polyamides in primary forms

3909 Amino resins, phenolics and polyurethanes, primary form

3910 Silicones, in primary forms

3911 Petro resins, polysulfides, etc. nesoi, primary form

3912 Cellulose and chemical derivatives nesoi, primary forms

3913 Natural (inc modified) polymers nesoi, primary forms

3914 lon-exchangers based on plastics, in primary forms

3915 Waste, parings and scrap, of plastics

3916 Monofil, cr-sect ovimm, rods, sticks, etc,, plastics

3917 Tubes, pipes and hoses and their fittings, of plastics

3918 Floor cover (rolls and tiles) and wall cover, plastics

3919 Self-adhesive plates, sheets, film, etc. of plastics

3920 Plates, sheets, film, etc. no ad, non-cel, etc,, plast

3921 Plates, sheets, film, foil and strip nesoi, plastics

3922 Baths, washbasins, lavatory seats, etc. of plastics

3923 Containers (boxes, bags, etc.), closurers, etc,, plast

3924 Tableware and other household articles, etc,, plastics

3925 Builders'ware of plastics, nesoi

3926 Articles of plastics (including polymers and resins) nesoi

of wastes arising from plastic products and the recycling
status in African countries.

Methods

Methodology

The method adopted followed the procedure described
in Babayemi et al. [25]. It involved identifying and syn-
thesising international trade data on the plastic imports
available through the United Nations (UN) Comtrade
Database” using harmonized system (HS) codes. The
classification and HS Codes of plastics considered in this
study are presented in Table 1. Estimations were also
made using the information reported by Jambeck et al.
[9, 10], such as volumes of mismanaged plastic waste and
the percentage plastic waste composition of municipal
solid waste. The recent literature was searched to obtain
background information on polymers/plastic issues in
each country under consideration. Thirty-three (33)
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countries with at least 10-year records of import were
considered and the results were extrapolated to the entire
continent (54 countries). Available data were used to con-
struct time trend for the six highest importing countries.

Import trend
Import trends were determined using the total
amount of plastics imported in each year. Total plas-
tics (7,) imported in each year was calculated using the
relationship:

3914

Ty, = > P, (1)

¢=3901

for plastics imported in primary form (categories 3901—
3914), and

3926

Ty, = Y P, 2)

¢=3915

for plastics imported as product (categories 3915-3926);
where P, is the amount of plastics in each category.

Total historic consumption
The total amount of plastics in history (P,) from the first
(ith) year to the last (nth) year was calculated as:

n
P=)_T, 3)
i=1
=Ty, + Ty, (4)
Projection

Projections were made using the forecast functions in
Microsoft Excel® [26], based on the relationship:

P=a+bY, (5)
where P is the amount of plastic to be predicted for a
given year, Y;

a=P—b (6)

S (Y -7)(P-P)
S (r-7)°

The known values were the existing Y-values (years
under study) and P-values (amount of plastics imported
in each year), while the new value was predicted using
linear regression.

b:

: (7)

2 https://comtrade.un.org/.

3 http://support.microsoft.com/kb/828236/en-us.
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Table 2 Ranking of African countries based on the amount of plastic imports and consumption between 1990 and 2017

Country Population (2015)? Import period Plasticin primary Plastic as plastic Total plastics (tonnes) Approx. value
form (tonnes) product (tonnes) Py =Ty, + T, (million US$)P
3914 3926
Ty, = P Ty, = P
€=3901 c=3915
Egypt 94,408,000 1994-2017 17,690,897 4,007,894 21,698,792 36,966.5
Nigeria 173,000,000 1996-2017 15,765,771 4,099,822 19,865,593 23,1582
South Africa 54,956,900 2000-2017 9,672,413 4,020,752 13,693,166 28,299.0
Algeria 40,235,000 1992-2017 10,499,605 2,643,284 13,142,889 23,2378
Morocco 33,337,529 1993-2016 8,927,814 2,348,405 11,276,219 21,548.1
Tunisia 10,982,754 1991-2017 6,312,691 1,752,991 8,065,682 17,8181
Kenya 45,533,000 1992-2017 3459070 755371 4,214,440 55209
Ghana 27,043,093 1996-2017 2,241,856 967,192 3,209,048 4286.1
Ethiopia 99,391,000 1995-2015 2,095,508 1,045,286 3,140,793 5864.3
Zimbabwe 13,061,239 1995-2016 796,227 1,473,844 2,270,071 21187
Uganda 34,856,813 1994-2017 1,443,505 505,236 1,948,741 2905.9
Senegal 14,354,690 1996-2017 1,102,509 497,373 1,599,882 2506.5
Zambia 15,473,905 1995-2017 896,827 609,749 1,506,575 2520.1
Malawi 16,832,900 1990-2015 510,360 915,778 1,426,137 10489
Cameroon 21,917,602 1995-2017 852,119 538,971 1,391,089 2467.0
Mauritius 1,261,208 1993-2017 605,050 695,342 1,300,392 23335
Mozambique 28,013,000 1994-2017 664,820 622,595 1,287414 1601.1
Botswana 2,024,904 2000-2017 347,142 539,090 886,232 1742.8
Namibia 2,280,700 2000-2017 212,491 628,956 841,447 2043.2
Madagascar 22,434,363 1990-2017 434,064 284,433 718,497 13825
Togo 6,191,155 1994-2017 503,322 202,433 705,755 1051.2
Mali 14,528,662 1996-2017 259,211 237,711 496,922 7834
Mauritania 3,718,678 2000-2017 170,134 307,214 477,348 4234
Burkina Faso 18,450,494 1995-2016 124,927 351,621 476,548 76.6
Benin 10,008,749 1998-2016 81,018 305,276 386,293 3682
Seychelles 90,945 1994-2017 14,616 331,621 346,237 364.6
Guinea 10,628,972 1995-2015 201,223 127,521 328,744 295.7
Rwanda 10,515,973 1996-2016 80,536 171,718 252,253 542.3
Niger 17,138,707 1995-2016 31,344 151,468 182,811 290.8
Gabon 1,802,278 1993-2009 80,481 89,008 169,489 409.0
Gambia 1,882,450 1995-2016 8497 111,937 120,433 88.6
Cape Verde 491,875 1997-2017 22,013 96,638 118,651 3394
Burundi 9,823,828 1993-2017 34,921 66,552 101,473 187.5
Total 856,671,366 86,142,982 31,503,082 117,646,056 194,589.9

@ Population source: Answers Africa [30]
b Approx. value is based on the reported data in the Comtrade database

Case studies of some countries in Africa were used
to propose plastic sufficiency scenarios. Field stud-
ies embarked upon include visits to dumpsites to assess
waste compositions and waste plastics scavenging activi-
ties. In the current assessment, synthetic fibres imported
in synthetic textiles and synthetic carpets to Africa were
not assessed by import statistic but only by literature
data. In this paper, the term ‘plastic’ is sometimes used
as a general term to cover both polymers (i.e. virgin
unprocessed polymeric materials in primary forms) and

finished plastic products. All currencies are in United
States Dollar ($).

Results and discussion

Polymers consumption in Africa

Plastic consumption in Africa in 2015

The per capita plastic consumption in Africa in 2015
was 16 kg [27] for a population of 1.22 billion [28].
Based on this, the estimated plastic consumption for
the entire continent for 2015 was 19.5 Mt. For the 33
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countries considered and assessed in more detail in this
study because they had consistent plastic import data
in the Comtrade database (Table 2), the 2015 cumula-
tive population was 856,671,366 (i.e. 70.22% of African
population in 2015). Considering the above per capita
plastic consumption (16 kg/year), the 33 countries used
approximately 13.71 Mt of plastics in the year 2015. Con-
sumption by the other 21 mostly smaller African coun-
tries (out of 54 countries) was approx. 3—6 Mt in 2015.

Available literature shows that GDP has a strong
impact on plastic consumption [8], which can also be
seen for African countries. For instance, the yearly per
capita plastic consumption for 2009-2015 in Nigeria,
Kenya and Ghana was 4.4—8 kg/year; while in Algeria,
Egypt and Morocco, it was 13-19 kg/year, and 24.5 kg/
year in South Africa [29].

As mentioned earlier, synthetic fibres (polyester, nylon,
polyamide) imported as textiles and carpets into Africa
were not assessed by import statistic. The current esti-
mate from a textile fibre industry association is that
Africa had a consumer demand of 5 kg synthetic fibres
per person in 2014 [31], which would amount to 6.08 Mt
for entire Africa. Due to the contribution of synthetic
fibres to micro-plastic pollution in water [32, 33], a more
detailed assessment is needed for this category in future.

Estimate of total historic consumption of plastic (1990-2017)
A compilation of plastic importations for the 33 African
countries between 1990 and 2017 is shown in Table 2.
The other 21 countries had only limited records and
an extrapolation from the 33 countries seemed more
appropriate.

The total volume of plastic importation for the selected
33 African countries was approximately 117.6 Mt (trans-
lating to $194.6 billion), consisting of approximately
86.14 Mt of polymers (all polymers in categories HS
3901-3914) and 31.50 Mt as plastic products (categories
HS 3915-3926), spanning a period from 1990 to 2017
(approx. 27 years). Recalculating from the 33 countries to
the continental level shows that roughly 172 Mt of plas-
tics (consisting of 126 Mt of primary and 46 Mt plastic
products) were imported between 1990 and 2017.

One general observation is that plastics are imported
at higher amounts in primary form than as finished
products. This implies that the rates of plastic process-
ing and production activities using imported primary
polymers are high in many countries of Africa.

It needs to be stressed that plastic components of prod-
ucts such as cars, electronics, and sport equipment were
not considered although these plastic sources contribute
significantly to national consumption. For example, in
Nigeria, these sources accounted for approximately 5.55
Mt for the years 1996-2014 compared to 17,620 Mt of
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primary plastics and plastic products imported for the
same period [25]. Since there are insufficient data for the
robust estimation of these uses in many African coun-
tries, a brief discussion of this is presented in the section
on the relevance of “secondary plastic”

The current study shows massive plastic consumption
(virgin polymers and finished plastic products) in Egypt,
Nigeria, South Africa, Algeria, Morocco and Tunisia
(in decreasing order). These six countries have contrib-
uted a significant share of the continental consumption.
This observation is in agreement with the data reported
for recent years by EUROMAP [29] (see Table 3). How-
ever, the EUROMAP import estimates for Nigeria and
Egypt did not reflect the particularly high import data for
selected years as observed in the Comtrade database. This
may indicate that the exceptionally high data reported for
some years in the Comtrade database might have higher
uncertainties. Weight data are more prone to uncertain-
ties compared to the monetary value of imports, since
national customs are more interested in the later [34].

The six countries (Egypt, Nigeria, South Africa, Alge-
ria, Morocco, and Tunisia) accounted for about 74.6%
(approximately 87.7 Mt) of the polymers and plastics
consumption in the 33 African countries. Compared to
the estimated consumption (172 Mt) for the entire con-
tinent, these six countries accounted for 51% of the total
African plastics consumption.

Geyer et al. [2] carried out a study of global material
flow of virgin polymers and plastics ever produced up to
the year 2015, and observed that an estimated 30% are in
current use; while of the remaining quantities that have
reached end-of-life, 12% were incinerated, 9% were recy-
cled, and 79% were discarded and have accumulated in
landfills or in the natural environment. However, these
proportions differ from one country to another. Assum-
ing these proportions are true for Africa, then out of
the 117.6 Mt consumed within the investigated period
(1990-2017), 35.3 Mt are in current use; while 82.4 Mt of
waste plastic have been generated or are at their end-of-
life (EoL). At EoL most plastic in Africa end up at dump
sites with frequent open burning. A thorough assess-
ment of the management and material flows of plastics is
needed for Africa. This is currently at its formative stage
with supports from the Basel, Rotterdam and Stockholm
Conventions.

A previous study estimated the total mismanaged plas-
tic waste in the continent of Africa in 2010 alone at 4.4
Mt [9]. The forecast in this study for the most importing
countries in Africa is that the imports would have dou-
bled by 2030. Based on this, the next decade (2020—2030)
would witness about 164.7 Mt of plastics reaching their
EoL in Africa. Without proper waste management plan
and strategy, the global consequence is that there would
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Table 3 Plastics resin production and consumption in 8 African countries. Source: adapted from EUROMAP [29]

Country/period 2009 2010 2011 2012 2013 2014 2015 Total
Plastics production (kt)
Algeria 41 43 14 18 32 28 17 193
Egypt 421 411 463 548 578 786 770 3977
Ghana 0 1 1 2 2 2 3 11
Kenya 0 0 0 1 1 1 3 6
Morocco 47 53 53 60 61 62 60 396
Nigeria 213 260 303 335 390 396 411 2308
South Africa 1252 1229 1202 1292 1282 1362 1368 8987
Tunisia 0 0 2 2 3 3 4 14
Plastics consumption per capita (kg/capita)
Algeria 126 132 144 15.7 18.1 19.0 209
Egypt 13.0 14.6 148 155 15.7 15.0 15.7
Ghana 57 57 6.0 6.1 6.7 6.9 74
Kenya 5.1 56 6.0 6.3 6.9 80 8.2
Morocco 14.9 14.5 15.2 16.0 16.6 171 18.3
Nigeria 44 4.6 49 50 54 58 6.0
South Africa 240 248 246 24.8 242 246 247
Tunisia 21.2 22.1 230 244 26.1 256 258
Plastics import (kt)
Algeria 430 429 527 555 683 709 817 4150
Egypt 898 969 993 1054 1184 1066 1136 7300
Ghana 141 126 145 148 173 181 199 1113
Kenya 202 227 210 212 296 353 314 1814
Morocco 433 388 445 467 490 505 421 3149
Nigeria 609 656 584 579 617 702 754 4501
South Africa 323 401 420 459 423 439 250 2715
Tunisia 224 238 241 259 284 279 286 1811
Plastics export (kt)
Algeria 0 0 0 0 0 0 0 0
Egypt 252 247 253 283 368 569 511 2483
Ghana 1 0 0 0 1 0 2
Kenya 3 2 2 2 1 1 0 1
Morocco 5 5 5 4 3 0 25
Nigeria 21 49 33 23 8 2 1 137
South Africa 357 379 339 465 421 477 348 2786
Tunisia 4 5 5 2 3 1 4 24

be accumulation of billions of tonnes of plastics across
terrestrial and aquatic ecosystems in the nearest future
[2]. We are witnessing significant increases in marine
plastic litter, with negative consequences on the ecol-
ogy. The time to act is now. Egypt, Nigeria, South Africa,
Algeria, and Morocco were estimated to be among the
top 20 countries around the world contributing to marine
debris each year [9].

Time trend of plastic import to selected African countries
For the six countries with the highest share of plastic use
in Africa (Fig. 1), the historic trend and projected con-
sumption until 2030 are documented. For the projected
consumption, the growth rate of the historic trend is con-
sidered a ‘business as usual’ model (with no anticipated
change in policy, use, and attitude towards waste) as a
rough basis not only for the pollution potential but also
considering the waste to energy or recycling potential.
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Algeria 'The time trend for plastics imports in Algeria
shows a consistent (R*=0.9025) yearly increase (Fig. 2)—
from an import of 0.096 Mt in 1992 to approximately 1.38
Mt in 2016. From 1992 to 2017, approximately 13.14 Mt
were imported (valued at $23.2 billion) and this makes up
about 11.2% of the whole primary plastics importation
in Africa (see Additional file 1: Table S1). This, therefore,
translates to 31 kg/cap/year considering the inventory
of 2015 when 1.23 Mt were imported. By 2030, with the
increasing trend (business as usual), a total of 32.43 Mt
would have been imported, implying that by 2030, the
plastic importation would be more than double the cur-
rent amount. Plastics constitute 11-13% of municipal
solid waste (MSW) in Algeria [35]; while an estimated
0.52 Mt of waste plastic are mismanaged yearly in the
country, with 70,000—190,000 tonnes constituting marine
debris [9].

Egypt Presented in Fig. 3 is the time trend of imports of
plastics in Egypt. In 1994, the country imported 0.39 Mt
of polymers and plastics. Since then, the rate of import has
increased, with massive importations in 2013 and 2014
(approx. 2.88 Mt and 2.96 Mt, respectively) amounting to
about 30 kg/cap/year in just about two decades after the
first available record. From 1994 to 2017, the total impor-
tation is about 21.7 Mt and this contributed about 18.4%
of the total consumption of the selected 33 countries (also
roughly 18.7% of total consumption in the African conti-
nent). The amount of plastics imported translates to $37
billion (see Additional file 1: Table S2). By 2030 with the

current trend, a total of approximately 47.9 Mt would
have been shipped and consumed in Egypt, which is
more than double the current amounts. Currently, plas-
tic constitutes about 13% of MSW in Egypt. Available
statistics show that more than 80% of the MSW gener-
ated in Egypt is dumped, while the recovery rate is about
11.5% [36]. The average MSW generation rate in Egypt is
about 200-250 kg/cap/year. If we assume a lower value of
200 kg and 13% plastics composition, this would amount
to 26 kg plastics/cap/year. The slight difference (between
the per capita consumption and waste generation) may
just imply that more plastics are going into stock (current
use or stored). The amount of mismanaged waste plastics
in Egypt is estimated at 0.97 Mt/year, with 0.15-0.39 Mt
constituting plastic marine debris [9]. Thus, in the last
decade, over 9.7 Mt may have been mismanaged in Egypt.

Morocco Therewasalinear time trend (R*>= 0.9785) with
considerable yearly increase for Morocco (Fig. 4). In 1993,
the amount imported was 0.16 Mt and this increased con-
sistently, reaching a peak in 2015, with approximately 0.86
Mt. From 1993 to 2016, about 11.28 Mt (valued at $21.5
billion) were imported, accounting for 9.6% of the conti-
nental consumption (see Additional file 1: Table S3). This
gives a per capita value of 26 kg/cap/year for 2015. Con-
sidering this trend, by 2030, the total importation would
be close to 26.21 Mt.

Nigeria The time trend for Nigeria showed an increasing
importation (Fig. 5). There were periods of high imports
compared with the first available recorded annual import.
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In 1996, the import was 554,513 tonnes; while the high-
est yearly import was for 2010 (17 kg/cap/year)—approxi-
mately 2.93 Mt (see Additional file 1: Table S4). Reasons
for these high imports were reported in Babayemi et al.
[25]; prominent among these were imports of polymer
materials for construction including roofing sheets, PVC
tanks, PVC tiles, and PVC plumbing materials. From
1996 to 2017, about 19.87 Mt (valued at $23.1 billion)
were imported into Nigeria accounting for about 16.9% of
the total consumption in Africa. Therefore, by 2030, plas-
tics importation and consumption would likely double
to a total of 41.57 Mt. Available information shows that
waste plastics constitutes about 13% of MSW in Nigeria.

With approximately 0.85 Mt of waste plastics misman-
aged yearly, between 0.13 and 0.34 Mt find their way into
water bodies [9]. Available literature reported 0.58 kg/
cap/day of MSW generation [37], and hence 212 kg/cap/
year. Assuming a plastic fraction of 13%, this would mean
about 28 kg/cap/year. Considering Lagos, which is a major
municipality in Nigeria, the MSW generation is 0.95 kg/
cap/day [38], meaning 347 kg/cap/year. For Lagos, the
plastic waste generation might be as high as 45 kg/cap/
year. It is expected that considerable additional plastics are
imported, e.g. via final products or as component of prod-
ucts like toys, electrical and electronic equipment (EEE)
and vehicles [25]. This is further discussed in the sections
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below. Consequently, in the last decade, the total amount
of mismanaged waste plastics in Nigeria is estimated at
about 8.5 Mt. Less than 12% of this is recycled, while the
rest end up at open dumps before scavengers can initiate
recovery within the informal sector [25].

South Africa In the year 2000, South Africa imported
0.39 Mt of polymers and plastic (Fig. 6). The time trend
of plastics importation and consumption in the coun-
try is fairly linear with a maximum of 1.49 Mt in 2007
(R*=0.853, excluding the elevated import of 2007). Plas-
tic consumption reached 18 kg/cap/year in 2015 based on
only import data and 24 kg if the local primary produc-
tion is also considered (see below paragraph on primary
production and Table 3). Between 2000 and 2017, a total
of about 13.7 Mt (estimated worth of $28.3 billion) of
plastics were imported into South Africa and this consti-
tuted about 11.6% of plastics consumption in Africa (see
Additional file 1: Table S5). By 2030, an estimated 29.9 Mt
(i.e. double the total current amount) would have been
imported. Available statistics show that waste plastics
constitutes about 12% of MSW in South Africa, which
amounts to 630,000 tonnes mismanaged waste plastics per
year; of which 90,000-250,000 tonnes constitute marine
debris [9]. It may be inferred that in the last 10 years, over
6.30 Mt of waste plastics were mismanaged in the country.
The MSW generation in the country is 2 kg/cap/day [38].
According to ESI Africa [39], 1.144 Mt plastic wastes were
generated in South Africa in 2017.

Tunisia Considering Tunisia, the yearly import also
increased linearly (R*=0.8845) from 95,593 tonnes in

1991 to a peak of 588,210 tonnes in 2012 (Fig. 7). From
1991 to 2017, an estimated 8.07 Mt (valued at $17.8 bil-
lion) was consumed in Tunisia (see Additional file 1:
Table S6). This amounts to 6.9% of the total consumption
in Africa. It is projected that by 2030, a minimum of 16.12
Mt would have been imported and consumed in Tunisia.

While the increasing trends may generally be typical
for other countries in Africa, Rwanda demonstrates that
with bans, restrictions and strict enforcements, a signifi-
cant reduction of plastic import and use can be achieved
(see sections below).

Levels of polymer categories imported

Considering the cases of the six higher importing coun-
tries (Egypt, Nigeria, South Africa, Algeria, Morocco
and Tunisia), general observation showed that polymers/
plastic in categories HS3901 to HS3907 and, HS3917 to
HS3926 were imported more than the others (Fig. 8).
The most prominent were polymers of ethylene in pri-
mary forms (HS3901), polymers of propylene or other
olefins in primary forms (HS3902); polyethers, epoxides
and polyesters in primary forms (HS3907); polymers of
vinyl chloride, etc., in primary forms (HS3904); and poly-
mers of styrene in primary forms (HS3903). HS3901 was
approximately 21.19 Mt; HS3902, 16.04 Mt; HS3907,
11.05 Mt; HS3904, 8.36 Mt; and HS3903, 4.80 Mt (Fig. 8).

Gaps and inconsistency of import data

There were some gaps and inconsistencies in the data
accessed. While this study tries to cover a period from
1990 to 2017, where major plastic import and use
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occurred in Africa, not all the countries had records of
up to 27 years. Most of the countries had import records
of less than 20 years. Furthermore, the study covered 33
countries in Africa (only those with up to 10-year records
were considered).

Also, the categories of plastics or polymers which are
components of ‘plastic products’ especially where plastic
blends were used or for products that contain mixtures
of plastics (e.g. electronics), were not considered in this

first attempt of an overall inventory. Some of the product
types not considered could constitute a significant share
of plastics imports. This is demonstrated for the case of
Nigeria (see sections below) but could not be reliably
estimated for the entire continent due to peculiarities of
the countries (e.g. Nigeria is a major destination for used
electronics and e-waste meant for reuse and recycling).
In addition detailed treatise of evaluation of data for
reliability, gaps and inconsistency in UN Comtrade
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have been reported in previous studies [25, 34]. United
Nations Commodity Trade Statistics Database (UN
Comtrade) contains annual trade data from 1962 to the
most recent years and is continuously updated. Trade
data are received from national authorities of countries
and are standardised by the UN Statistics Division before
being added to the UN Comtrade. However, some coun-
tries do not necessarily report data for each and every
year. Since UN Comtrade does not contain estimates
of missing data, trade data for such countries could be
underestimated. A recent study also stressed the uncer-
tainties in UN Comtrade data with a higher risk of error
in the physical weight data since the data are compiled
for monetary trade information [34].

Uncertainties in HS data and the method

There are likely sources of uncertainties in a study such as
this. One main source is uncertainties in UN Comtrade
data. These data are compiled by countries. Predomi-
nantly, import duties and volumes are defined using the
monetary value of trade and not the physical weight.
Thus, the customs offices collate and gather accurately
the monetary volume of trade flows as it matters for the
implementation of trade policies. Therefore, information
on physical weight may not be considered as important,
since uncertainties in physical weights of goods do not
have any consequences for the customs [34]. Reliable
information from an expert who worked several years for
Germany’s statistical office gives credence to this—thus,
this is the most important reason why monetary trade
data are better than physical trade information. There-
fore, deviations in physical weight are often higher than
monetary values [34].

Another source of uncertainty is illegal trade. The vol-
ume of illegal trade cannot be estimated but might be
considered low for such commodities. Also unregulated
trades through porous land boarders and within some
regional trade zone (e.g. ECOWAS) could be hidden from
national statistics. It is also anticipated that the export of
waste plastics from developed countries into developing
countries would increase since China stopped the impor-
tation of waste plastics for recycling [40, 41].

Sources of major plastics/polymers import and plastic

in products: the case of Nigeria

The major plastic materials imported into Nigeria (Fig. 9)
are the primary polymers (HS codes 3901-3914) esti-
mated at 15.8 Mt; while plastic products (HS codes 3915—
3926) accounts for about 4 Mt. Considering the case
study of Nigeria [25], the primary polymers and plastic as
product were 75% of total plastic imported to the coun-
try. The primary polymers are used mostly in the produc-
tion of packaging materials and household items such as
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kitchen utensils, chairs, tables, foot wears, etc. The sec-
ond and third largest plastic consumption is in imported
products such as vehicles and electronics. These are not
imported under a plastic-related HS code and amounted
to approximately 2.9 Mt and 2.6 Mt, respectively (vehicles
and electronics) [25]. These types and volumes of plastic
are otherwise not considered in this inventory overview.
Therefore, the overall plastic import to Africa could be
considerably larger than the estimated in this report,
considering volumes from primary imports and imports
of plastic products as well as considering also importa-
tion of products containing plastic but not included in
plastic product HS codes (“secondary plastic’, e.g. EEE,
motor vehicles and toys; Fig. 9). For Nigeria the “second-
ary plastic” imported in these products was 24% of total
plastic when considering these major sources (where pri-
mary plastic is 75%). Considering a similar share of “sec-
ondary plastic” in products in other African countries (if
75% primary plastic and product is 172 Mt) would result
in an overall estimate of at least 230 Mt plastic imported
to Africa between 1990 and 2017 with contributions from
Egypt, 43 Mt (18.7%); Nigeria, 39 Mt (17%); South Africa,
27 Mt (11.7%); Algeria, 26 Mt (11.3%); Morocco, 22 Mt
(9.6%); and Tunisia, 16 Mt (7.0%). These include primary
plastic, plastic products and major “secondary plastic”.
This is, however, only a crude estimate and needs to be
refined in future including a refining of “secondary plas-
tic” import assessment and a refining for the 21 countries
where the database was weak.

Plastics resin production and consumption in Africa

Plastic production has been established in South Africa
in the past 50 years. In 1966, South Africa’s government
supported the launch of a plastics industry in which Sasol
[42] played a key role. In 1991, South Africa started the
production of polypropylene with 120,000 t a year and by
the end of that decade, the polymer plant’s annual output
capacity rose to 220,000 t.

Plastics production records were obtained for eight
countries in Africa (Table 3). Between the years 2009 and
2015, the total production in the continent by the eight
countries was 15.9 Mt, with the highest productions from
South Africa (9.0 Mt); followed by Egypt (4.0 Mt) and
Nigeria (2.3 Mt) [29]. These plastic producing countries
also exported approximately 5 Mt.

Comparing the production of the three countries (with
the far highest production volumes) with the import
data from UN Comtrade (for the period 2009-2015), it
shows that approximately 70% of plastic consumptions
in Nigeria and Egypt in primary form and as product
were imported. On the other hand, South Africa only
imported 27% of primary plastic and exported 24% of
locally produced plastic resins/products. Thus, South
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refrigerators (PCR); Plastic components of air conditioning equipment (PCAC); Plastic components of
laundry washing machines (PCWM); Plastic components of motor vehicles (PCMV); Categories 3 and 4 of

European Union electrical and electronic equipment (EEE) classification; Toys (T)
Fig. 9 Major categories of plastics/polymers imported to Nigeria (1996-2014)

Africa produced and consumed a similar amount of plas-
tic as it exported. For all other African countries with
primary production, the plastic consumptions per capita
derivable from Comtrade database were comparable to
data reported in EUROPMAP [29].

Plastic sufficiency scenario and the reduction of plastic use
in Rwanda

Publications and industry experts highlight that plastic
production and consumption will increase in the next

decade by as much as 40% [43]. However, considering the
current plastic waste crises and that much of this plastic
is not needed for a sustainable society (i.e. meeting our
needs without compromising the needs of future genera-
tions), a considerable decrease in plastic use is needed.
This would follow the Sufficiency Economy* approach
of just using the optimal material threshold [44, 45] and

* Sufficiency Economy was introduced by late King Bhumibol Adulyadej's and
acknowledged by UN (Mongsawad 2010).
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supporting only the necessary uses of plastic. To achieve
this, the projected growth of plastic use should be coun-
tered and rather reversed by governments (especially, the
many ‘single use’ plastics) with appropriate policy for-
mulations and their strict implementation. This can be
achieved if some major plastic consumption routes (e.g.
plastic bags) are blocked through regulations or substi-
tuted with environment friendlier alternatives [46—49].
In Rwanda, strict enforcement of regulations has
reduced the use of plastic bags since 2008. Also,
the import of plastic products into the country has
decreased. For instance, plastics labelled as “Other arti-
cles of plastics” (HS Code HS3926) covering finished
plastic articles declined from 5000 tonnes in 2004 to 175
tonnes in 2016 (see Fig. 10). On the other hand, the total
primary plastic import in the country increased until
2014 and decreased thereafter (Fig. 11). The increase
was triggered partly by the increasing importation of
polymers of styrene in primary forms (HS3903) due to
increasing demand for foam insulation—an attempt to
reduce GHG emissions by reducing the need for air con-
ditioning. However since 2015, importation of polymers
of styrene in primary forms has decreased (Additional
file 1: Fig. S7a) possibly due to the National Housing
Policy published 03/2015, stipulating the use of local con-
struction materials [50]. Furthermore, it can be observed
from the import statistics (Additional file 1: Figure S7 and
S9; Table S8) that official plastic importation and con-
sumption has decreased. Polymers with code HS3905
(polymers of vinyl acetate and other vinyl polymers in
primary forms) decreased from 532 tonnes in 2009 to
263 tonnes in 2016; HS3908 (polyamides in primary

forms) decreased from 101 tonnes in 2010 to 11 tonnes
in 2016; HS3910 decreased from 104 tonnes in 2012 to 13
tonnes in 2016; HS3913 (natural, including modified pol-
ymers in primary forms) decreased from 106 tonnes in
2005 to approximately zero import in 2016 (Fig. 10; Addi-
tional file 1: Figures S7 and S9; Table S8). The following
also experienced a decrease in consumption: polymers of
vinyl acetate and other vinyl polymers in primary form
(HS3905); polyamides in primary form (HS3908), sili-
cones in primary forms (HS3910), and “natural, including
modified polymers in primary forms” (HS3913). Overall,
the use of polymers from categories 3908-3916 is now at
the minimum levels of the last decade.

In June 2019, Rwanda’s Cabinet adopted a draft law
seeking to prohibit the manufacture, use and sale of sin-
gle-use plastics [51]. The reduction of single plastic use
can likely further reduce the overall plastic consumption
in Rwanda in the nearest future.

The example of Rwanda demonstrates the possibility to
decrease the use of plastic (plastic sufficiency scenario) if
decisions can be taken at national levels to cut down on
the use of plastics. The experience in Rwanda contrasts
with the otherwise increasing plastic consumption in
other African countries (Figs. 2, 3,4, 5, 6, 7).

On the other hand, Rwanda had at the same time in the
last decade witnessed a yearly GDP increase of between
4.7 and 8.9% and an increase in per capita GDP from
$1229/year in 2008 to $2080/year in 2017 [52]. This dem-
onstrates that with the right policies and bans (and strict
enforcement), a reduction in plastic import and use in a
country is possible alongside overall industrial growth
without negative impacts.
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Plastic use and the resulting wastes

The current time trend of import in the major six plas-
tic using African countries indicates that polymers/plas-
tic imports will be double the current amounts by 2030.
Considering the “business as usual’} by 2030, these six
countries would have consumed about 175.5 Mt; while
for the selected 33 countries, this would amount to 235.3
Mt and 344 Mt for the entire continent.

Waste plastics are disposed with MSW with minimal
formal recycling (approx. 10%) [26, 53]. There is also
hardly any thermal/energy recovery from waste plastic
or other wastes, e.g. in incinerators or cement kilns in
Africa. Consequently, virtually all waste plastics end up at
dump sites (Additional file 1: Fig. S12a—d), in water ways
or open burning (Additional file 1: Fig. S13).

Previous studies have shown that the most commonly
used and abundant polymers are high-density polyeth-
ylene (HDPE), low-density polyethylene (LDPE), polyvi-
nyl chloride (PVC), polystyrene (PS), polypropylene (PP)
and polyethylene terephthalate (PET) [1]. It is expected
that at the EoL, considerable amounts of these plastic
types may constitute the bulk of disposed solid munici-
pal wastes. In Bangkok City, the plastic components of

the municipal waste were made up of HDPE, LDPE, PP,
and PET accounting for 57.4%, 17.4%, 7.3%, and 5.9%,
respectively; while others, PS, and PVC represented 5.0%,
4.8%, and 2.2% [54] which might also give an indication
for other developing countries in Africa and are roughly
in line with the major import HS codes in Africa. For one
plastic product where large volumes are consumed—
sachet water—the dimension of production and current
situation in two countries is described. In many African
countries, sachet water industries consume a large share
of polyethylene (both low-density polyethylene LDPE
and the high-density polyethylene, HDPE). Considering
the current population of Africa (ca. 1.3 billion), assum-
ing each person consumes a 500-mL sachet water per day
(definitely an under-estimation) with the empty weigh-
ing~1.5 g), an estimated 1950 tonnes of waste polymer
is generated per day; amounting to approximately 0.7
Mt/year or 7 Mt in the last decade. In Ghana, the small
scale sachet water companies produce about 45,000
sachets per day; while the bigger companies produce
over 150,000 per day, making approximately 200,000
sachets per day [55]. By the year 2006, up to 40 plastic
manufacturing companies were established in Ghana
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with production capacity of about 26,000 tonnes; [55]. A
recent assessment has documented the agricultural pol-
lution resulting from sachet water in Ghana [56]. In Nige-
ria, there are meanwhile over 1500 sachet water factories
in Lagos alone; while about 60 million sachets are con-
sumed daily, and the plastic wastes disposed especially
by littering or into drainages [57]. It should be assessed
if deposit schemes could be a practical option to address
sachet waste. However, deposit return schemes are very
rare in Africa.

MSW are not separated at source in Nigeria. Con-
sequently considerable quantities of plastics end up at
the dumpsites where it becomes fuel of landfill/dump-
site fires with associated releases and exposure [58-60].
Other plastic products have currently a similar end of life
fate including the plastics and polymer foams from prod-
ucts such as waste from EEE (WEEE) and EoL vehicles
[26, 53, 61].

Environmental pollution and human health challenges

In addition to contamination by open dump sites
(Fig. 11), the light weight of some plastic bags, plas-
tic packaging, straws and polystyrene make it easier for
winds to blow them around—eventually routing them
into water bodies. Together with other waste plastic like
PET bottles, they constitute a larger fraction of marine
litter [62]. Recent estimates show that by the year 2025,
around 250 million tonnes of plastics will be in the
oceans globally [9]. More than 1 Mt of plastic waste enter
the oceans from African countries (see above section for
a discussion of the 6 major plastic consuming African
countries) [9]. Though it could take hundreds of years
for plastics to degrade in the marine environment, they
can break down into macroplastics (>5 mm), microplas-
tics (<5 mm) and nanoplastics (<100 nm) which may be
taken up by marine organisms along the food chain; the
plastics and the hazardous constituents may pose threats
to the aquatic ecosystems and eventually have negative
consequence on human health [63].

Furthermore, open burning is a common solid waste
management option in African countries in particular for
plastic, which is a fuel for open burning on landfills and
backyard waste burning [64]. Since there is no effective
solid waste sorting systems; mixed wastes including plas-
tics end up in dumpsites where they are set on fire. These
open burning methods result in the release of hazardous
substances into the environment as a result of the plasti-
cizers and flame retardants used in the plastics and con-
taminate air and soils and food [58, 60, 65, 66].

Considering the contamination on land and marine
from the mismanaged plastic in Africa, urgent improve-
ment of the situation is needed.
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Waste plastic as resource
Waste plastics may be effectively separated from the vari-
ous waste streams for subsequent recycling, recovery and
reprocessing [67]. When properly managed, waste plas-
tics present potential resources. Resource recovery may
be categorised into [68]:

+ Mechanical recycling (primary and secondary),
+ Chemical recovery (tertiary) and;
+ Energy recovery (quaternary).

Though the larger share of waste plastic is still mis-
managed in Africa (Additional file 1: Fig. S10), some
primary and secondary recycling of certain categories
of waste plastic take place. For instance, in South Africa
where South African Plastics Recycling Organisation
(SAPRO) is in operation since 2010, the recycling quota
has reached 43% for major plastics which is higher than
in Europe [69]. In South Africa, the most widely recy-
cled material is PE-LD and PE-LLD packaging films
(34%), followed by PET beverage bottles which showed a
steady increase over the last 4 years (22%), PE-HD bot-
tles, drums and crates represent the third largest recycled
polymer in 2017 (20%) [69]. It needs to be stressed that
calculated recycling quota depends on the calculation
method and are often overestimated [70]. Also in Nige-
ria, a large share of PET bottles is going in recycling as
observed in our field survey where even PET bottles were
separated on dump sites (Additional file 1: Fig. S10a).
However, there is serious limitation to full recovery of
PET bottles from MSW. Efficient recovery is assured if
the waste PET bottles are collected ‘clean’ immediately
after use without mixing with MSW. Consequently col-
lectors prefer waiting at occasions such as conferences/
workshops for immediate take-back as better conver-
gence of used PET bottles is assured. Waste PET disposed
with MSW ends up ‘dirty’ and is less sought afterwards
(Additional file 1: Fig. S10b, c).

Most categories of waste plastics are not usually sought
after by recyclers in African countries. These are waste
polystyrene (expanded polystyrene (EPS) and extruded
polystyrene XPS), polyurethane (PUR) foam, light pack-
aging polymers, e.g. for packaging of ‘sachet water’ (made
from polyethylene), PVC wastes, plastic waste from EEE
and plastic and polymers from EoL vehicles. The EPS/
XPS foam and PUR foam products and products made
from polyamides are locally ‘unrecyclable’ plastic cat-
egories and are usually found in various shapes, size
and colour in dumpsites (Additional file 1: Fig. S10b, c).
In Africa (and other countries), EPS/XPS are used for
food and other packaging and insulation foams and huge
quantities are consumed annually. EPS/XPS and light
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plastic bags are massively dumped and burned at open
dumpsites.

In 2017, the first African plant which converts plas-
tic waste into synthetic fuel oil was developed in Kenya
[71] and a first waste to energy plant started operation in
Ethiopia [49].

Recycling of plastic waste might gain more momentum:
On 26 March 2019, a group of international consumer
goods companies operating across Africa and responsible
for a large share of plastic pollution launched the ‘Afri-
can Plastics Recycling Alliance’ at the seventh edition of
the Africa CEO Forum [72]. The Alliance aims to trans-
form plastics recycling infrastructure across sub-Saharan
Africa.

Financial implications of plastics and environmental cost
Plastic is a huge business with large revenues. The total
import for polyethylene throughout the world in 2015
was estimated at $75 billion [73]. Currently, the annual
revenue generated by the global plastic industry is about
$600 billion [6]. The estimated value of the 117.6 Mt of
polymers/plastic imported into Africa in this study is
$194.5 billion for a period of 27 years. On the other hand,
Trucost [74] estimated that the environmental cost of
business-as-usual plastic in consumer goods is $139 bil-
lion in 2015 and this is expected to grow to $209 billion
by 2025 (if current trends persist). Meanwhile, substitute
plastic in consumer goods will cost $533 billion, while
going for a more sustainable plastic in consumer goods
will only cost $98 Billion [74]. It implies that global and
regional attention and efforts should focus on sustainable
plastics.

In Africa, one key issue in the management of plastic
waste is finance. One way of achieving this is through the
introduction of extended producer responsibility (EPR)
and imposing tax on plastic importation and produc-
tion [75, 76]. The monies realised from taxation of pri-
mary plastics and plastic products would go a long way in
financing EoL management of waste plastics and provide
a decent income for scavengers (waste plastic collectors)
and recycler. Tax incentives (e.g. tax holidays) for plastic
recyclers will encourage their activities and the acquisi-
tion of needed machinery.

Also implementing deposit systems play a crucial role
in high collection rates [77].

Conclusion and recommendations

This study presents the first inventory and continental
historical analysis of mass importation of polymers and
plastics (in primary and secondary forms) and the asso-
ciated pollution potential in Africa. This report, on one
hand, can serve as a database for future studies and a
preliminary data basis for estimating recycling or energy
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recovery opportunities. More than 117.6 Mt (translating
to $194.5 billion), consisting of approximately 86.14 Mt
of polymers in primary form and 31.50 Mt as products
entered Africa through 33 countries between 1990 and
2017. Of this amount, there were significant contribu-
tions from Egypt (18.4%), Nigeria (16.9%), South Africa
(11.6%), Algeria (11.2%), Morocco (9.6%) and Tunisia
(6.9%). It was also predicted that by 2030 approximately
235.3 Mt of polymers and plastic in these forms would be
consumed in these 33 African countries if there are no
policy changes (business as usual). For the entire conti-
nent, this amounts to the consumption of 344 Mt of plas-
tic by 2030.

This study did not consider products containing plas-
tics classified as “secondary plastic’, e.g. EEE, motor
vehicles, and toys (Fig. 9). For Nigeria, “secondary plas-
tic” imported in these products was 24% of total plastic
consumption.

Currently, all forecasts predict an increase in plastic
use and production pushed by the global growth dogma
(business as usual). However, there is also the sustainable
alternative scenario of reduction of plastic use as illus-
trated by the case study of Rwanda. Rwanda has shown
that with the ban of plastic bags, prohibition of single-use
plastics, and use of locally produced construction materi-
als (as substitutes to imported plastic insulation), reduc-
tion in plastic consumption could be achieved alongside
increase in national GDP and GDP per capita. Thus, a
significant reduction in plastics consumption can be
achieved in Africa—however, this requires not just policy
formulations (bans and regulations) but also their strict
implementation and enforcement. The Rwandan suc-
cess should be a motivation for other African countries
as this is essential in achieving sustainable consumption
and production (SDG 12). A more detailed assessment of
how Rwanda succeeded in reducing plastic consumption
should be conducted in a targeted study.

Financing waste management in Africa is a bottleneck
to sustainable consumption and production and overall
success of sustainable development. Considering the bur-
den of plastic for waste management and environmental
pollution, it is reasonable and important to tax plastic
imports, production, and use to finance plastic waste
management. Furthermore, appropriate waste manage-
ment policies should be developed and enforced. Man-
agement of plastic waste is getting better in industrialised
countries because there is appropriate policy in place.
For instance, increasingly stringent European legislation
is setting new standards that promote the application of
novel recycling technologies capable of absorbing large
amounts of plastic wastes [78], implementing deposit
systems [77] and banning single-use plastic [47].
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Based on inventory of plastic import and use, National
Strategies need to be developed including national or
regional action plans for the environmentally sound
management of plastic waste.
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