Sheffield
Hallam _
University

Digital Innovations for a Circular Plastic Economy in Africa

Edited by: OYINLOLA, Muyiwa and KOLADE, Seun <http://orcid.org/0000-
0002-1125-1900>

Available from Sheffield Hallam University Research Archive (SHURA) at:
https://shura.shu.ac.uk/31929/

This document is the Published Version [VoR]
Citation:

OYINLOLA, Muyiwa and KOLADE, Seun, eds. (2023). Digital Innovations for a
Circular Plastic Economy in Africa. Routledge Studies In Sustainability . London,
Routledge. [Edited Book]

Copyright and re-use policy

See http://shura.shu.ac.uk/information.html

Sheffield Hallam University Research Archive
http://shura.shu.ac.uk


http://shura.shu.ac.uk/
http://shura.shu.ac.uk/information.html

=
=3
ol
2=
L.Ce)
+—[:3
nm
k= o
(D=

=
=
3=
<
=
>,
=
c
-
o
O
o

Edited by Muyiwa Oyinlola and Oluwaseun Kolade

v .2
S o
3 S
WP
o
nl
nu
—
1.“
SO
ﬂaa
N
A e



DIGITAL INNOVATIONS FOR
A CIRCULAR PLASTIC
ECONOMY IN AFRICA

Plastic pollution is one of the biggest challenges of the twenty-first century that
requires innovative and varied solutions. Focusing on sub-Saharan Africa, this
book brings together interdisciplinary, multi-sectoral and multi-stakeholder
perspectives exploring challenges and opportunities for utilising digital innovations
to manage and accelerate the transition to a circular plastic economy (CPE).

This book is organised into three sections bringing together discussion of
environmental conditions, operational dimensions and country case studies
of digital transformation towards the circular plastic economy. It explores
the environment for digitisation in the circular economy, bringing together
perspectives from practitioners in academia, innovation, policy, civil society and
government agencies. The book also highlights specific country case studies in
relation to the development and implementation of different innovative ideas to
drive the circular plastic economy across the three sub-Saharan African regions.
Finally, the book interrogates the policy dimensions and practitioner perspectives
towards a digitally enabled circular plastic economy.

Written for a wide range of readers across academia, policy and practice,
including researchers, students, small and medium enterprises (SMEs), digital
entrepreneurs, non-governmental organisations (NGOs) and multilateral agencies,
policymakers and public officials, this book offers unique insights into complex,
multilayered issues relating to the production and management of plastic waste
and highlights how digital innovations can drive the transition to the circular
plastic economy in Africa.

Muyiwa Oyinlola is an associate professor in Engineering for Sustainable
Development and Director of the Institute of Energy and Sustainable Development
at De Montfort University, UK. A chartered engineer, committed to engineering



sustainable solutions for low- and middle-income countries, his work places
particular emphasis on identifying and integrating socio-cultural considerations
required for the long-term success of engineering projects. He leads the DITCh
Plastic Network, a multi-sectoral, international and interdisciplinary network
aimed at promoting and supporting digital innovations that can accelerate the
circular plastic economy transition in Africa. He is committed to developing
processes and products for the circular plastic economy.

Oluwaseun Kolade is a professor of Entrepreneurship and Digital Transformation
at Shefhield Business School, Sheffield Hallam University, UK. He recently
held academic and leadership positions at Leicester Castle Business School, De
Montfort University, where he also chaired the African Entrepreneurship Cluster.
With an engineering background and a PhD in International Development,
Seun’s research activities cover the broad areas of transformative entrepreneuring,
digital transformation, circular economy, and SMEs’ strategies in turbulent
environments. Seun is an agile certified practitioner with experience of leading
transdisciplinary projects involving international partners across public and
private sectors. He has chaired international conferences and is an invited speaker
in various international fora.
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1

INTRODUCTION

A Digitally Enabled Circular Plastic Economy
for Africa

Muyiwa Oyinlola and Oluwaseun Kolade

1 Plastic Pollution in Africa

Plastics have been around since the discovery of polystyrene in 1839. They come in
different types such as polyethylene terephthalate (PET), low-density polyethylene
(LDPE), high-density polyethylene (HDPE), polyvinyl chloride (PVC) and
polypropylene (PP). Between 1950 and 2017, approximately 7 billion out of 9.2
billion tonnes of plastics produced ended up as wastes. They further approximated
the recycling rate to be only 9% while 79% is disposed of in landfills and the
oceans. Therefore, even though plastics are essential materials due to unique
properties and extensive benefits, they now pose considerable environmental and
health problems due to large quantities that have been mismanaged over the years
(Sakthipriya, 2022).

This challenge is expected to worsen, as several reports indicate a steady increase
in annual global production of plastics. Dasgupta et al. (2022) reported a growth
rate of more than 8% per year, and in 2016, Drzyzga and Prieto (2019) estimated
the production to be 335 million tonnes per annum, and Plastics Europe (2021)
estimated global plastic production in 2020 to be 367 million tonnes. The latest
estimates at the time of writing put production at about 381 million tonnes, of
which 50% is single-use (Grodzinska-Jurczak et al., 2022; Phillips, 2022). Given
the current growth rate, the total plastics produced is projected to grow to 33
billion tonnes by 2050 (Rochman et al., 2013; Jambeck et al., 2015). This trend
has become a major concern as plastic is non-biodegradable, and microplastics are
permeating into the environment and the food chain (Wright and Kelly, 2017).

Many countries in Africa have poor infrastructure and suboptimal waste
management systems, which exacerbates the plastic pollution challenge. It is
estimated that less than 5% of plastic waste is recycled in Africa (UNEP, 2018)

DOI: 10.4324/9781003278443-1
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while the remaining are disposed of through open dumping, open burning,
unregulated landfills, and dumping into drains, streams and rivers. The scale of
the challenge is expected to increase as the continent is anticipated to experience
almost 200% increase in waste generated by 2050, with much of this being plastic
(Kaza et al., 2018).

2 The Circular Economy as a Viable Solution

The circular economy has been touted as a viable intervention for the plastic
challenge (Geissdoerfer et al., 2017; Kirchherr et al., 2017). Its key approaches
of reducing, reusing, recycling, redesigning, remanufacturing and recovering
are expected to significantly contribute to better management of the high
volumes of waste in the ecosystem (Leslie et al., 2016). These core ideals of the
circular economy have gained increasing attention globally, including interest
from governments and businesses (Korhonen et al., 2018). The circular economy
empowers organisations to realise lasting productivity and economic growth
(Cainelli, Evangelista and Savona, 2006), otherwise described as the “circular
advantage”. The concept of the circular economy has been explored by several
scholars such as Murray, Skene and Haynes (2017); Araujo Galvio et al. (2018);
Berg et al. (2018); and Gall et al. (2020).

The circular plastic economy (CPE) is a system which employs the principles
of the circular economy to the plastic value chain, including design, manufacture,
use and end-of-life phase. Therefore, the CPE approach promotes innovative
design, encourages recycling and incentivises the reuse of materials, thereby
minimising issues arising from the use and disposal of plastic products (Volker,
Kovacic and Strand, 2020). In other words, the CPE fosters a move to more
sustainable interventions for the plastic challenge through innovation (Dedehayir,
Mikinen and Ortt, 2018).

While public awareness of the need for a CPE has grown, the African continent
has not experienced corresponding development in terms of tangible actions
and verifiable achievements. This is owing, in part, to the constraints presented
by institutional frameworks in which national governments are frequently out
of touch with global debate (Kolade et al., 2022), and public participation is
frequently not matched by policy commitment and political resolve (Adetoyinbo
et al., 2022). Furthermore, many private-sector stakeholders continue to work in
silos, limiting the gains and effectiveness of current circular economy campaigns
(Oyinlola et al., 2022b). According to Barrie et al. (2022), developing countries
may be limited in taking advantage of the higher-value opportunities of the
circular economy.

Against this backdrop, the central thesis of this book is that digital tools and
technologies, which result in digital innovations (DIs), can be the game changer that
positively disrupts the landscape by channelling and driving a multi-stakeholder
approach that brings together digital innovators, researchers, policymakers and
ordinary citizens together in the collective drive towards the CPE in Africa. DIs
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can facilitate the creation of new multi-sided platforms and institutions that link
existing stakeholders together for greater impact. They can also enable new actors
and ordinary citizens to co-create innovative solutions and ideas to drive the
CPE. This book therefore explores the challenges and opportunities of a digitally
enabled circular economy in Africa.

3 Digitisation in the Circular Economy

DIs create and integrate new technologies into current systems to address issues
and boost productivity, accessibility, dependability and sustainability (Ciriello,
Richter and Schwabe, 2018; Kohli and Melville, 2019). Internet of things (IoT),
smart mobile devices, big data, remote sensing, blockchain, cloud storage,
artificial intelligence (AI) and three-dimensional (3D) printing are all examples
of digital tools and technology for innovation. Several business sectors in Africa
have benefited from DIs. For instance, “precision agriculture” based on sensors
and satellites as well as Al-based agronomic solutions have been utilised to
assist sustainable agriculture in Africa, providing smallholder farmers (SHFs)
and their communities with a number of advantages (Syngenta, 2019). Another
industry where DIs has been effectively applied is mobile finance, which has
enabled low-cost money transfers and many creative forms of financing, such as
crowdsourcing and peer-to-peer lending. These tools have completely changed
the African payment environment, inspiring brand-new, cutting-edge methods
of approaching the financial value chain. Additionally, digital technologies such as
geospatial platforms and embedded systems have transformed the energy industry
in Africa by enabling real-time demand monitoring, adjustment and smarter
management of distributed power systems (Annunziata et al., 2015).

There are several factors catalysing the uptake of digital tools and technologies
in Africa, for example, the demographic profile of the continent; almost 60% of
Africa’s population is under the age of 25 (Statista, 2021). Furthermore, Africa
has the fastest growing internet penetration (GSMA, 2020; Granguillhome
Ochoa et al., 2022), and the continent has attracted significant investment in
digital platforms such as Google AI hub in Ghana and Facebook hub in Kenya. In
addition, several technology innovation hubs have sprung up across the continent
(Atiase, Kolade and Liedong, 2020), giving several young people the opportunity
to immerse themselves in technologies which result in innovations that can
support development. The mushrooming of these tech-hubs, which offer space
and technology support for budding digital entrepreneurs, is empowering young
Africans to be more creative and more innovative in their use of DI. According
to GSMA (Giuliani and Ajadi, 2019), the tech-hubs offer support as incubators,
accelerators, university-based innovation hubs, maker spaces, technology parks
and co-working spaces. The tech-hubs are instrumental in building DI start-ups
and a robust digital ecosystem where entrepreneurs can learn from as well as share
ideas with like-minded innovators. Furthermore, tech-hubs offer much-needed
fast internet access and electricity (Giuliani and Ajadi, 2019).



4 Muyiwa Oyinlola and Oluwaseun Kolade

DIs have also demonstrated the ability to contribute to Africa’s CPE by
filling the vacuum left by insufficient waste collection and management
infrastructure (Antikainen, Uusitalo and Kivikyto-Reponen, 2018). Several
improvements have been implemented in a bid to transform the plastic value
chain into a smart, innovative and sustainable value network through improved
plastic identification, collection, transportation, sorting, processing and reuse.
Alternative Energy Solutions (AES) in Kenya, for example, uses revolutionary
technology to turn various types of plastic into oil (Horvath, Mallinguh and
Fogarassy, 2018). Pratap et al. (2019) propose an automated communication
method based on IoT technology between households and waste collection
agencies to help monitor and collect plastic waste, recycle and aid in centralised
disposal. As IoT becomes more ubiquitous on the African continent, such a
model could also be considered among other DIs. Mugo and Puplampu (2020)
discuss how smart sensors as a technology innovation can be useful in addressing
environmental pollution and waste management in Africa. Singh (2019) discussed
how municipal waste management can make use of geographic information
systems (GIS) and the layers available from remote sensing. Chidepatil et al.
(2020) posit that Al and blockchain technology have the potential to make
recycling more efficient. They suggest that using Al to segregate plastic waste
will ensure effective and intelligent segregation, which could otherwise be a
complex and inefficient procedure. Furthermore, they suggest that blockchain
technology can be utilised as a “trust-based platform between plastic waste
segregators, recyclers, and recycled feedstock buyers (manufacturers)”, so that
information can be easily exchanged and validated between the various partners
in the value chain, making it easy for partners to have relevant information on
plastic waste and how best to reduce or recycle it. There are several start-ups
utilising digital technology to tackle the plastic pollution challenge in Africa,
Figure 1.1 presents some of these, and a comprehensive list is presented in

Oyinlola et al. (2022).
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FIGURE 1.1 Some start-ups utilising digital technologies for the circular plastic
economy
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4 DITCh Plastic Project

Despite a growing number of studies and start-ups focused on utilising digital
tools and technologies for the CPE over the past decade. Progress has been slow,
with most start-ups struggling to scale. In response to this, the United Kingdom
Research and Innovation (UKRI), through the Global Challenges Research Fund
(GCREF), funded the formation of a network in 2020, https://gtr.ukri.org/proje
cts?ref=EP%2FT029846%2F1. The Digital Innovations for Transitioning to a
Circular Plastic Economy in Africa (DITCh Plastic) Network, led by the partners in
Figure 1.2, is a multisectoral, international and interdisciplinary network aimed at
promoting and supporting DIs that can accelerate the transition to a CPE in Africa.
The network targeted to characterise, cluster, synergise and optimise DIs that would
support a transition to a CPE in Africa and had the following specific objectives:

I. Identify and assess digital solutions and innovations that can support the
transition to a CPE.
II. Characterise technical, political, gender, socioeconomic and cultural factors
that can influence the transition to a CPE.
III. Identify policy, research questions and capacity building opportunities for
promoting digital tools and innovations.
IV. Promote digital tools and innovations for a CPE.

This book, in addition to Kolade et al. (2022), Oyinlola et al. (2022, 2022b)
and Schroeder et al. (2023), is an output from the network. This book brings
together interdisciplinary, multisectoral and multi-stakeholder perspectives
exploring challenges and opportunities of utilising DIs to manage and accelerate
the transition to a CPE in Africa. It provides both scholarly and practitioner
perspectives on the role of DIs, such as web-based/mobile apps, blockchains and
3D printing, in the drive towards the CPE in Africa. These are reinforced with
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FIGURE 1.2 DITCh plastic network partners (http://ditch-plastic.org/)
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real-world examples, policy insights and country case studies spanning Western,
Eastern and Southern Africa regions.

Along with a critical synthesis of the extant literature, DITCh Plastic has
also engaged with hundreds of stakeholders from across the continent through
focus groups, interviews, workshops and a conference as well as a cross-sectional
survey of 1475 households across five countries which were selected to have a
comprehensive representation of sub-Saharan Africa. Geographic diversity was
ensured by a wide continental coverage (East, West and South): significant
differences in economy size [Nigeria with a gross domestic product (GDP) of $375.8
billion versus Rwanda with a GDP of $9.137 billion], population (190 million in
Nigeria to 2.5 million in Namibia) and literacy rates. Below are some insights
from the extensive engagement activities.

Firstly, despite the numerous prospects in the sector, funding appears to be a
significant barrier. This includes a lack of financing and/or a lack of understanding
of funding sources to support research, innovation and development for the CPE.
Although waste managementinitiatives are generally recognised as viable businesses
in the medium to long term, start-ups in this sector are finding it difficult to access
start-up capital to pilot their innovation until they can make a viable investment
case for scaling. Digital platforms can be used to create virtual marketplaces which
streamlines and optimises the plastic value chain. Government’s ambitions should
be to maximise the recycling (and recovery) of waste resources for productive use
while reducing pollution. Despite creating online marketplaces being simple, a
critical research question is how it functions with or without market regulation or
support, and how this can promote good waste commodity governance.

Secondly, regulation is a significant obstacle that may slow the rate of
transition. Addressing serious deficiencies and flaws in rules and regulations for
sustainable plastic waste management is critical. This encompasses policy design,
implementation and enforcement. It was observed that there are many excellent
waste management policies across the continent; however, the majority of them
might benefit from better coordination and enforcement. One example is the
extended producer responsibility (EPR) scheme, in which plastic manufacturers
contribute to post-consumer recovery. Another piece of helpful regulation
will be on recycled content; for example, requiring plastic manufacturers to
include recycled content will raise demand while also increasing recycling rates.
Government incentives will be critical to success; therefore, striking the correct
balance between rewards and penalties is critical. Governments must regularly
examine their policies and procedures for effective waste management in their
communities and industries.

It should also be noted that due to the intricacies of waste management as a
regulated business with significant material flows, data will always be a critical
requirement if the system is to perform properly. The lack of good data is now a
major impediment to the transition to a CPE. It is difficult for industry participants
and stakeholders to control something they cannot quantify. As a result, systems
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and/or technologies for collecting and tracking waste data must be established.
Types, location, distribution, quantity collected, quantity recycled and so on should
all be included in this data. Digital technologies and advances can significantly aid in
the collection and analysis of pertinent data, allowing for more successful research.

There is an urgent need for public awareness/education on sustainable waste
management, particularly among youth, who constitute a substantial proportion
of the population. Currently, most of the population does not consider waste to
be a resource, and some collectors are still struggling to obtain enough plastics for
recycling. Citizen education, community awareness activities, and behavioural
change programmes will need to be established and implemented. These should
be implemented in cooperation with relevant policies.

The transition to a CPE demands cross-sectoral cooperation. Collaboration
and coordination among various stakeholders is currently minimal, which is a
major hurdle in achieving considerable progress. There must be multi-stakeholder
collaboration and synergy involving the government, corporations, universities,
civil organisations, local governments and communities in both urban and rural
areas. National platforms that can support this type of involvement are desperately
needed. This could solve the issue of coordinating many stakeholders — waste
producers, waste collectors, consumers and ministries — who may need to
collaborate, sometimes outside of their apparent areas of responsibility.

Digital tools and technology can be utilised to scale up local projects at granularities
appropriate for Africa’s population and terrain, from rural to urban communities.
DIs such as mobile applications can aid in the effective collecting and transport of
waste plastics to aggregators, as well as technologies that allow for the efficient optical
sorting of plastics to meet reprocessing requirements. This facilitates the “bottom-
up” approach to waste management and the advancement of local pollution control
strategies. However, the primary potential of DIs will be in the ability to support a
systemic shift to circularity at scale. Taking this forward will require further study,
which will be enabled by the creation of spatial and temporal data, which informs
the assessment of the systems and processes underlying waste plastic management.

A considerable demand exists to develop skills that are relevant to the circular
economy. For example, introducing training in various waste management
methods, including behaviour interventions, can have a significant influence
within and beyond industry sub-sectors.

Another issue that must be addressed is the sociocultural dynamics of waste
management. It has been discovered, for example, that social standing influences
how people approach reuse and recycling. Another important difficulty is stigma;
plastic waste collection is primarily viewed as a dirty job for the poor. To successfully
transition, stereotypes and stigma about waste management need to be eliminated.

While both genders actively participate in the CPE, it seems like macro-level
projects/initiatives are mainly dominated by males and micro-level projects by
females. Similarly, while women are highly involved on the ground, they have
limited opportunities in the decision-making processes for policies and strategies.
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These observed gender differences need to be addressed, and there should be
mainstreaming of gender-balanced projects.

Across the continent, it seems like the invitation to invest in alternative
packaging has not really gained much traction in spite of several innovations around
the continent. For example, biodegradable packaging has been produced locally
using banana leaves and water hyacinth. However, this and similar innovations
have not diffused across the continent. Systems need to be in place to promote,
celebrate and diffuse these sorts of innovations across the continent.

Finally, we observed that the majority of the initiatives and interventions are
focused on recycling, i.e. collection and sorting, with not very much in terms
of preventing plastic waste. Therefore, there needs to be increased activity on
reducing and reusing plastics.

5 Introduction to Book Chapters

The issues in this book are explored within the framework of three thematic
sections: the environment for digitisation in the circular economy; digitisation in
action; adigitally enabled CPE. In Chapter 2, from a multilateralagency perspective,
Leonard kicks off the first section on the environment for digitisation by discussing
the barriers and enabling conditions across the regulatory and institutional;
economic and financial; technology and capacity; and societal and cultural
dimensions. The chapter illuminates the environment that needs to be in place
for a successful CPE transition. It further highlights the importance of the systems
thinking approach in developing solutions and the need for the government to play
a leading role in this transition. In Chapter 3, Beinisch examines the sustainable
plastics regime complex — an array of partially overlapping and non-hierarchical
institutions governing a particular issue area (Raustiala and Victor, 2004). She
highlights that transition to a CPE is a regime complex which involves national
regulators, multilateral institutions, civil society organisations and advocacy
networks, market-based regulators, multinational businesses, entrepreneurs
and academia. She examines how Nigerian organisations are participating in
the regime complex for sustainable plastics and highlight opportunities to use
it to build local institutional strength. A successful transition to a CPE requires
an understanding of plastic value chains. In Chapter 4, Schréder and Oyinlola
provide an overview of the plastic value chain in Africa and illustrate how digital
tools and technologies can help in minimising leakage and improving material
flow in the value chain. They argue that a life cycle perspective and understanding
of the plastic value chains from production to end of life is fundamental to finding
systemic solutions for a CPE.

The first section is concluded with Chapter 5, where Tijani, Oyinlola and
Okoya utilise a practitioner’s perspective along with the sectoral systems of
innovation framework to examine the CPE innovation ecosystem in Africa. They
postulate that the CPE ecosystem is driven by a set of local and international actors,
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networks and institutions, which include development organisations like the
Africa Development Bank (AfDB), civil society organisations, research institutes,
academic institutions, innovation intermediaries like technology hubs, investors
and entrepreneurs. They propose a process that involves systematic interactions
among a wide variety of actors to drive progress, activities, and the generation of
knowledge relevant to innovation.

In recognition of the heterogenous, culturally and politically diverse nature
of African states, Section 2, Digitisation in Action, explores specific country,
regional and digital technology case studies in relation to the development and
implementation of different innovative ideas to drive the CPE on the continent.
The case studies discussed represent diverse socioeconomic, cultural, geographical
and political landscapes, in order to adequately illuminate contextual peculiarities
and common theoretical and practical insights that can inform policy and practice.
The section opens with Chapter 6, where Oyinlola, Okoya and Whitehead
focus on additive manufacturing, also known as 3D printing, which has been
recognised as a leading frontier technology that has a significant role to play in
international development (Ramalingam et al., 2016). They illustrate through
case study examples how local plastic waste can be converted into filament for
3D printing and used in the creation of new, innovative, locally made products
which meet specific local needs. They further highlight that utilising this frontier
technology (3D printing) can result in leapfrogging traditional manufacturing,
which is highly capital intensive, and the technology has the ability to create new
businesses and support wealth generation. In Chapter 7, Kolade continues the
discussion on plastic value chains, with a focus on blockchains. He reviews the
relevance and application of blockchains in the circular economy. Utilising BanQu
(a blockchain solution launched in partnership with Coca-Cola Africa to improve
local recycling and drive a CPE in South Africa) as a case study, he discusses
the distinct set of possibilities provided by blockchains to drive a major shift in
thinking and approach. He opines that blockchains can drive a major shift in
perception of plastics from wastes to assets and incentivise different behaviours by
offering users the opportunities to capture value from end-of-life plastic products.
He further argues that adopting blockchain in the plastic value chains in Africa
can offer a more transparent and accountable system whereby information from
the “molecular barcode” of plastics can be publicly tagged and tracked, but not
altered, through the product life cycle. In Chapter 8, Odumuyiwa and Akanmu
discuss initiatives and interventions using digital tools/innovations to tackle the
plastic waste challenge in West Africa. They highlight various examples of how
DIs have been used to advance the CPE in West Africa. They further identify the
gaps that need to be addressed. In Chapter 9, Kolade, Oyinlola and Rawn draw on
in-depth interviews and focus group discussions with key stakeholders to examine
the many threads held by researchers, entrepreneurs and industrialists, investors
and policymakers in East Africa. They explicate the collaborative synergy of
stakeholders across sectors that play a critical role in the transition to a CPE in
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East Africa. They also highlight the important contributions of DIs in lowering
barriers and changing attitudes among consumers and producers alike. Section 2
ends with Chapter 10, where Lendelvo, Pinto, Amadhila, Kloppers, Samazaka,
Hasheela and Sifani discuss case studies from Southern Africa. They draw on
cross-sectional engagement with stakeholders to highlight six opportunity areas/
drivers for DI and the use of technology for the CPE, including environmental
sustainability, technological and DIs, economic significance, employment creation
and enterprise, livelihood improvement and gender equality.

The final section of this book draws on contributions from both academia and
practitioners to make proposals for a digitally enabled CPE. In Chapter 11, Ilo,
Opyinlola and Kolade draw on the extant literature to propose the BIG-STREAM
framework, which highlights digital functions and strategies for a digitally enabled
CPE. They highlight big data, Al, IoT, mobile applications, GIS and remote
sensing as critical digital functions. In Chapter 12, Ogunde, Oyinlola, Coles make
a contribution to the discourse on the global plastic crisis with particular emphasis
on how plastic management in Africa can be enhanced with adequate data. They
highlight that effective data collection and usage will be facilitated by a multi-
stakeholder, multi-process and multisectoral approach and, therefore, argue for a
plastic data exchange (PDE) platform which will facilitate collaboration between
stakeholders. In Chapter 13, Okoya, Oyinlola, Schroder, Kolade and Abolfathi
investigate how small- and medium-sized enterprises (SMEs) are utilising digital
technology for decentralised plastic waste management solutions. They showcase
case studies from around the continent and emphasise which technologies are
currently employed. They observe that these start-ups’ activities are focused on
one or more of three key areas: subscription, collection, and processing. They
add that the decentralised method used across Africa provides considerable social,
environmental and economic benefits to stakeholders.

In Chapter 14, Ajala utilises machine learning for text analysis of policy
description. He finds the continent’s efforts ineffective at directing the continent
towards a circular economy due to shallow regulations, exclusion of the informal
recycling sector, enforcement problems, and lack of awareness of policies, among
others. He presents some broad propositions on how digital and technological
tools can be used to redirect the continent from linear to circular economy and
how they can also aid in plastic waste policy effectiveness.

In Chapter 15, Wakunuma and Lendelvo interrogate the gender inequalities
in the CPE and examine how DI can reduce these disparities to provide
opportunities for both men and women to participate and benefit equally. They
note that although some innovative approaches to the CPE have been initiated by
women, generally more women still work in the lower echelons of the CPE as
plastic waste pickers. They further discuss how the gender gap could be reduced
when looking at DI in the CPE in Africa. They propose a gender mainstreaming
approach which will result in an informative and transformative change in the
CPE in as far as gender and DI are concerned.
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Overall, the chapters across these three sections offer a unique insight into
complex, multilayered issues of transitioning to the CPE and highlight how
DIs can drive the transition to the CPE in a continent where progress has been
decidedly slow. As well as identifying threads of common challenges and practices,
this book weaves a promising narrative of a circular economy powered by an
integrated combination of DIs, policy innovations and market processes.
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ENABLING A SUCCESSFUL TRANSITION
TO A CIRCULAR PLASTIC ECONOMY
IN AFRICA

Sunday Augustine Leonard

1 The plastic pollution challenge

Plastic products have been very beneficial to human development and can be
considered one of the world’s greatest innovations and most-used materials.
However, the continued unsustainable consumption of plastics has become a
source of adverse environmental impacts and negative human health effects. This
is because of the sheer scale of their production and use and a lack of good post-
use management practices globally (WEF, 2016). Plastic production processes,
including the use of non-regenerative virgin fossil-fuel feedstock, consumption
patterns and poor end-of-life management practices, have made plastics a
significant contributor to greenhouse gas emissions (and consequently global
warming), fresh and marine water pollution, biodiversity loss, land degradation
and chemical contamination (Barra and Leonard, 2018).

The core driver of the adverse impacts summarised above is the current plastic
production and consumption approach, which is mainly a linear take, make, use
and dispose model. Contrary to the facts, this model assumes that resources are
infinite, and the earth system is resilient and has an unlimited assimilative capacity
to withstand the harmful effects of human activities. But scientific findings (for
example, Steffen et al., 2015; Persson et al., 2022) have shown the limits of the
earth systems. Hence, to solve the plastic pollution challenge, adopting a new
model that promotes the efficient use of resources and considers the earth system’s
finite resilience and assimilative capacity through a circular economy approach
is essential.
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2 The circular plastic economy

The circular economy provides a holistic and systematic approach to addressing
the adverse effects of plastic production and consumption. It is

an alternative to the current linear, take, make, use, dispose economy model,
that aims to keep resources in use for as long as possible, extract the maximum
value from them while in use, and recover and regenerate products and
materials at the end of their service life, thereby promoting a production and
consumption model that is restorative and regenerative by design.

Barra and Leonard, 2018

According to the WEF (2016), delivering the circular economy in the plastic
sector would require improving the economic viability of recycling and reuse of
plastics; halting the leakage of plastics into the environment, especially waterways
and oceans; and decoupling plastic production from fossil-fuel feedstocks, while
embracing renewable feedstocks. Implementing these strategies will require the
producers, consumers, government and other stakeholders involved in plastic
manufacture, use and management to adopt circular principles and work together,
as depicted in Figure 2.1 and described below.

CIRCULAR ECONOMY SOLUTIONS

DESCRIPTION

AFRICAN EXAMPLES

TexFad (Uganda) produces carpets from banana plant materials
b Tt

Produce plastics from alternative feedstocks including (https://texfad.co.
Pkt‘?;llich A:':I%M bio-based sources such as sugarcane, oils and Hya Bioplastics (Uganda) produces packaging products from cassava
FEEDSTOCKS cellulose, as well as from greenhouse gas, sewage starch and banana stem (https://hyabioplastics.com/)
sludge, food waste and natural occurring biopolymers CSIR (South Africa) produces 100% biodegradable and compostable
plastics (https://www.csir.co.za/bioplastic-technology)
Design plastic products to enhance longevity, reusability, +  TexFad, Hya Bioplastic, CSIR are examples of redesigning plastics
REDESIGN recycling and waste prevention, by deploying greenand  +  The South Africa Plastic Pact aims to redesign problematic and
PLASTIC sustainable chemistry and incorporating after-use, asset unnecessary plastic packaging
PRODUCTS recovery, harmful chemical avoidance, and waste and (https://www.saplasticspact.org.za/ow/)
pollution prevention from the onset 3D printed plastics — Kenya, Rwanda and Nigeria (Magoum, 2021)
< + Maji Jibu Company Ltd (Tanzania) provides access to safe and
" ), SUSTAINABLE Impl_emem l()jusmess modelsdlhatt prryomotelpmducisa; affordable drinking water through a decentralized refill business
- BUSINESS el L D B model that allow 20-liter water containers to be reused continually
N MODELS takeback, thereby optimizing product utilization and {Foolprints Afica, 2021)
204) decreasing volume of manufactured goods '
- E:mzs;ﬁg::gzzz%?gziﬁ%‘gdwcy?él;b;rim «  The Westem Cape Industrial Symbiosis Program in South Africa
& Vé BUSINESSES BT S TS T T 6[ consurVne}r; facilitates cooperation between member companies resulting in
® L; 1\ A’é !‘S AND CONSUMER E T BT A E TS T exchange and reuse of plastics (Ali and Leonard, 2021)
e 4* COOPERATION may include industrial symbiosis, urban-industrial i Cieencaoneahoie s iteoioleciand

FIGURE 2.1

symbiosis and urban mining.

recycle plastics into valuable materials (Footprint Africa, 2021)

Plastics wastes for road construction, Ghana (Appiah et al., 2017)

PLASTIC Using end of lfe plastics for the remanufacturing of new pere] Aflrica. EEER T info[mal U230 Picke§ (oG end
WASTES AS plastcs, for example, through chemical recyciing or recycle plastics into (;/aluable materials (Footprint Africa, 2021)
R 3 > »  Pyramid Recycling Ghana covert plastic waste to curtain ropes,
RESOURCE ~ upcycing -ie., conversion nio other valuable products - oy inec and wood plastics (Footprints Afica, 2021)
Recycled plastic brick factory in Cote d'Ivoire (UNICEF, 2019)
ROBUST Robust information platforms linking industries as . 1;:': G;;a":ia" Was:e T;'w"e’y Platiorm
INFORMATION  well as consumers to ensure the flow of data and mﬁ%ﬁ%@m htps:wwwwecyclers.com)
- : - . , ps:/www.wecyclers.
PLATFORMS  information on plastics. N

Yo-Waste platform, Uganda (https://yowasteapp.com/)

Circular plastic economy solutions to address the plastic pollution
challenge. Adapted from Barra and Leonard (2018), with the addition of
specific examples from Africa
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In a circular plastic economy, the use of non-toxic and renewable alternative
feedstocks and energy in production must be prioritised. This may involve using
bio-based feedstock sources such as oils, starch, sewage sludge and food wastes
for plastic production instead of non-regenerative virgin fossil-fuel feedstock
(for example, Reddy et al.,, 2013; Hatti-Kaul et al., 2020). Waste CO, and
methane have also been trialled and could serve as alternative feedstock that can
concurrently mitigate greenhouse gas emissions (Peach, 2014; Gu et al., 2021; IEF,
2021; Krymowski, 2021). Further, the design of plastics and associated products in
a circular economy must adopt a complete life cycle perspective that promotes the
use of the right and non-toxic materials and products designed for an appropriate
lifetime and extended future use, including ease of reuse and recycling. This
includes using eco-friendly additives that could eliminate harmful chemicals in
plastic manufacture, for example, through green chemistry (Beach et al., 2013;
Papaspyrides and Kiliaris, 2014).

At the end of life of plastic products, the circular economy ensures appropriate
end-of-life options that allow the waste to be used as resources with priority for
upcycling the materials. Examples of the recovery and conversion of waste plastics
into new value products include making bricks and composite (e.g., Ahmetli et al.,
2013; Guzman and Munno, 2015; Lundquist et al., 2020) in road construction
(Khan et al., 2016; Appiah et al., 2017), making fabrics and other textiles (e.g.,
Tshifularo and Patnaik, 2020; Alberghini et al., 2021; Sadeghi et al., 2021) and
producing new plastics or other chemicals through chemical recycling by breaking
down into chemical component (e.g., Panda et al., 2010; Khoonkari et al., 2015;
Rahimi and Garcia, 2017; Thiounn and Smith, 2020).

Essential for a successful transition to a circular plastic economy is increased
cooperation between businesses and with consumers to facilitate the continued use of
plastics in the economy at their maximum value through processes such as industrial
symbiosis and urban mining (e.g., Sun etal., 2016; Marinelli et al., 2021). Coupled with
this is embracing new business models that build on the interaction between products
and services and promote efficient resource use to create greater product value, such
as the products-as-a-service, sharing economy, reverse logistics and product takeback
models (WEF, 2016). And this will need to be supported by incorporating digital
innovation and robust information exchange platforms to help track and optimise
resource use and strengthen communication and collaboration across the plastic value
chain, including with consumers and other stakeholders (e.g., Oyinlola et al., 2022).

The need to adopt the circular economy approach in the plastic sector is
becoming mainstream, and some initiatives towards this are occurring in Africa.
For example, plastic is being produced from biological feedstocks, e.g., maize
husk, sugar cane and water hyacinth in Uganda (Footprints Africa, 2021). The
MARPLASTICs and other Eastern, Southern and Western African projects have
helped develop plastic waste collection and upcycling solutions (Veolia, 2019;
Footprints Africa, 2021; IUCN, 2021a). New circular business models that ensure
that durable plastics remain in the economy for as long as possible through a
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decentralised franchise model for drinking water provision have been implemented
in Tanzania (Footprints Africa, 2021). The use of waste plastic materials for road
construction has also been demonstrated in Ghana (Appiah et al., 2017). Also, in
Ghana, the Waste Recovery Platform (https://ghanawasteplatform.org/) connects
stakeholders, including industries, civil societies and government actors, to
facilitate waste management and support policy implementation (UNDP Ghana,
2020). These examples and others are highlighted in column 4 of Figure 2.1.

However, the technical aspects of the circular plastic solutions alone are not
enough to achieve the desired transition. The plastic pollution problem persists,
and there is a minimal change in the effective use of resources in the plastic sector
(Jambeck et al., 2018; Babayemi et al., 2019; Ayeleru et al., 2020). Harmful chemicals
are still being used in plastics, and the sector continues to be a substantial contributor
to greenhouse gas emissions, ecosystem damage and adverse human health effects
(WEF, 2016; PEW, 2020; Kelleher, 2021). Current solutions will not be enough
to change the data presented in Jambeck et al. (2015, 2018) on plastic pollution in
Africa. They show that 4.4 million metric tonnes of plastic waste were generated in
the continent in 2010, projected to increase to 10.5 million tonnes by 2025, with
Nigeria, Egypt and South Africa in waste generation by country at 5.96, 5.46 and
4.47 million tonnes per year in 2010 (Jambeck et al., 2015). They also show that the
amount of mismanaged plastics due to inadequate disposal range from 23% to 85%
in African countries where data is available, with most countries above 50%.

The slow progressin transitioning to amore circular plastic economy isassociated
with the complexity of moving a sector away from the long-ingrained take, make,
use and dispose linear model to one that requires a complete paradigm shift. Many
existing structures that enable the linear plastic economy model automatically
pose a barrier to achieving this transition. Hence, enabling conditions need to be
in place to scale up the solutions to achieve the desired transformation. The rest of
this chapter discusses the challenges of transitioning to a circular plastic economy
and the enabling conditions needed for success in Africa.

3 Barriers and enablers of a circular plastic economy in Africa

The interaction between the technical solutions for a circular plastic economy
(discussed in Section 2), the barriers to achieving the circular plastic economy
goals and the enabling conditions needed for success are illustrated using the lever
diagram in Figure 2.2. The barriers hinder the scaleup of the solutions described
in Section 2, making the circular plastic economy transition more challenging.
Enablers, represented by the fulcrum, are structures that could make the transition
to a circular plastic economy easier if in place.

3.1 Regulatory and institutional

The effective management of plastics is contingent on having a robust waste
management regulatory and policy framework. A significant move towards a
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Barriers to Circular Plastic

Regulatory and institutional
Inadequate waste management
regulatory, poor institutional
frameworks and weak enforcements.
Economic and financial
Substantial up-front costs, high-risk
investment, poor finance access, poor
economic and finance policies, and
lack of finance for informal actors.
Capacity and technology
Significant collection and recycling
gap, focus mainly on end-of-life
downcycling solutions, poor access to
modern technologies, inadequate
competencies, and lack of data.
Society, culture, and behavior
Consumers preference of
convenience, resistance and non-
alignment of business culture,
inadequate awareness, and lack of
political will

M
L 0.5 1

Enablers of Circular Plastic Transition

Regulatory and institutional

Align existing legislation and policies to the circular economy approach

Create supportive regulations at the local, national and regional levels

Develop standardization requirements across plastic value chains

Strengthen legislation enforcement

Engage relevant stakeholders in legislative and policy development
Economic and financial

Create and implement economic polices, e.g., financial incentives, tax

breaks, to support circular plastics

Promote public-private partnerships to facilitate investments

Put in place de-risking policies and measures to facilitate more business

engagement

Develop initiatives to recognize the plastic’s informal sector actors
Capacity and technology

Enhance capacity by developing waste management infrastructure

Build capacity to implement robust and transparent data collection and

analysis

Facilitate international cooperation and technology transfer

Support growth of indigenous innovative plastic management solutions
Society, culture and behavior

Develop customized awareness raising campaigns

Circular Plastic Solutions

Plastics from alternative feedstocks
Redesign plastic products
Implement sustainable business
models

Businesses and consumers
cooperation

Plastic wastes as a resource
Robust information platforms

Develop and disseminate education programs target at the different
actors
Deploy behavioral change initiatives

FIGURE 2.2 A lever diagram summarising the interactions between the available
solutions (effort, E) for transitioning to a more circular plastic economy,
the barriers to achieving the transition (the load, L) and the enablers
(fulcrum, F) needed to change the plastic sector from a linear to a
circular economy. The availability of circular plastic solutions without
the required enablers will not be sufficient to achieve a circular plastic
economy in Africa or elsewhere

better waste management regulatory framework has been observed in Africa
recently. At least 50 out of 54 countries in Africa have developed policies or
legislation addressing waste management (Attafuah-Wadee and Tilkanen, 2020).
African countries now have the highest number of laws targeting plastic bags
globally (Nyathi and Togo, 2020). However, it is still essential that policy and
legislative frameworks are better tailored to achieve a circular plastic economy.
Banning plastic bags is not enough to cause the needed shift. Specific legislations
mandating circular plastic product design, reuse/recycling requirements and those
facilitating sorting and collection of plastic wastes are still lacking but are essential
for achieving a paradigm shift. For example, introducing extended producer
responsibility (EPR) policies and legislation within the plastic value chain would
shift plastic management responsibilities to producers; facilitate circular product
designs; and encourage the collection, reuse and recycling. Sixteen African
countries have introduced EPR-related policies on plastics and other products,
including Ghana, Nigeria and South Africa (Ajani and Kunlere, 2019; Attafuah-
Wadee and Tilkanen, 2020; Arp, 2021; Holland, 2021). It is essential that these
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efforts become continent-wide and address all common plastic types in the
continent. Also, clear legislative guidance on using recycled plastic is lacking but
needed. While significant discussions are ongoing on the use of recycled plastics
in food packaging, there is no regulation, standard or guidance on this in African
countries. Van Os and De Kock (2021) identified this lack of guidance as one of
the reasons for the low plastic recycling rate in South Africa; it makes it difficult
for plastic recyclers, businesses and entrepreneurs to be confident in investing in
the sector. Furthermore, boosting the recovery of used plastics through business
models such as product takeback will need to be supported by standards and
policies that enhance the ability to monitor and track material flows, which are
currently lacking in many countries.

Sometimes, existing legislation or policies could be obstructive, thus
undermining a circular plastic economy. For example, trade policies that
encourage the transfer of waste plastics from other countries to African nations
are counterproductive (for instance, Ngcuka, 2021) and will make achieving a
circular plastic economy more difficult. African countries, including Nigeria,
Senegal, Morocco and South Africa, were destinations for waste plastics and
scraps in 2018 (Pacini et al., 2021). Yet, the right trade laws and agreements can
be leveraged to facilitate access to circular plastic products while preventing the
import of uncompliant products (Ugorji and van der Ven, 2021). Also, regulatory
and policy frameworks may be inadequate for a circular plastic economy in some
countries because of their alignment with traditional manufacturing pathways,
which are based on the continued extraction of non-renewable virgin resources.

Further, some countries’ legislation focuses on the end-of-pipe minimisation
of the adverse impacts of plastics rather than addressing product design or the
complete plastic life cycle — i.e., production, use, distribution, trade and disposal
(Excell, 2019). UNEP (2018) indicates that some African countries’ legislation only
focuses on some aspects of the life cycle rather than the whole. All African countries
need to enact legislation that addresses the whole plastic life cycle. Countries that
manufacture plastics need to ensure that policies and laws encourage the redesign
of plastic products and production from renewable feedstocks, including bio-based
sources. Countries that import plastics need to have policies and regulations that
ensure that only circular plastic products are allowed.

Many of the current institutional frameworks are not adequately suited for
a transition to a circular plastic economy. Circular plastic solutions require
addressing material resources’ consumption while considering the interlinkages
with the economy, society and environment — requiring a whole-of-society
approach. However, many African countries’ public and private institutions
often operate in silos and are not geared towards an integrated approach. For
the circular plastic economy to succeed, the public and private sectors and
civil society actors need to work together to stimulate innovation, develop
appropriate solutions and mobilise resources and expertise towards a common
goal. Further, a transition to a circular plastic economy will require all
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relevant departments in the public sectors, such as finance, natural resources,
environment, mining, agriculture, energy, labour, education, etc., to cooperate
beyond administrative silos towards a unified objective. But implementing the
required organisational change can be difficult. Restructuring organisations to
effectively address the needs of a circular economy can be expensive, risky and
may induce resistance (Oghazi and Mostaghel, 2018).

The poor institutional framework results in the lack of effective implementation
or enforcement of existing legislation, as has been noted in many African countries
(for example, Chasse, 2018; Adebiyi-Abiola et al., 2019; Adam et al., 2020; Nyathi
and Togo, 2020; Behuria, 2021). Of the 34 African nations that have banned or
partially banned plastic bags, 16 are yet to introduce corresponding legislation
for enforcement (Greenpeace Africa, 2020). Nyathi and Togo (2020) noted that
implementing and enforcing plastic legislation in many African countries is
usually weak due to inconsistencies. Stakeholder (especially the plastic industries)
resistance was also pointed out as a reason for poor enforcement (Nyathi and
Togo, 2020; Behuria, 2021), highlighting the need for a whole societal approach
in developing and implementing legislation. Contributing to a lack of adequate
implementation and enforcement is the fragmentation of regulatory systems in
some countries where standards and responsibilities at the national or local levels
are not clear, resulting in an inadequate legal system and poor accountability.
IUCN (2020) noted this fragmentation as part of the challenges affecting the
legal and institutional framework for marine plastic management in South Africa.
However, the challenge of fragmented legal and institutional frameworks is
common not just to Africa, as noted by other scholars (for example, Dauvergne,
2018; Nielsen et al., 2019; WWF and Dalberg, 2021).

To overcome the discussed barriers, the following legislative and institutional
enablers should be in place:

» Align existing legislation and policies (e.g., waste management and natural
resource management policies) to the circular economy approach. This could
involve mandating the reuse and recycling of plastics, facilitating the sorting
and collection of plastic wastes and ensuring that natural resource extraction
policies follow environmental sustainability practices.

* Create supportive regulations at the local, national and regional levels that
address the different types of plastics used predominantly in African countries
(beyond plastic bags). And these legislations should address the whole life cycle
of these plastics — design, production, importation, use, distribution, trade,
reuse, recycling and disposal.

* In line with the above, develop standardisation requirements across the plastic
product value chain at the national and regional levels to promote circularity
and develop EPR legislation, plastic takeback laws or other similar legislation to
ensure that plastic manufacturers take responsibility for end-of-life management
of their products.



24 Sunday Augustine Leonard

o Address the challenge of poor legislation enforcement by implementing
enforcement strategies and mechanisms. This could include addressing
fragmentation; strengthening institutions (e.g., increasing personnel and
building their capacity); giving greater power to environmental authorities;
revamping and ensuring consistent implementation of environmental permits,
licenses and certificates; and applying appropriate penalties for non-compliance.

* Engage relevant stakeholders, including the plastic industry and importers,
recyclers and civil society, in developing and implementing relevant plastic
legislations and commitments. This could be in the form of the national plans
for plastic management like the SA Plastic Pact developed by the South African
government in collaboration with stakeholders (see: www.saplasticspact.org.
za/). Such action plans, roadmaps and standards are essential prerequisites for
attracting funding for circular solutions (Schroder and Raes, 2021).

3.2 Economic and financial

Circular plastic solutions such as production from alternative feedstock, waste
collection and sorting, upcycling plastic waste into new valuable products
or establishing industrial symbiosis or urban—industrial symbiosis will incur
substantial up-front costs, including the cost of installing new infrastructure,
retrofitting existing production systems, building new distribution and logistical
arrangements and retraining staft (Ambrose 2019; Preston et al., 2019; Davies et al.,
2020). A SWOT analysis of the feasibility of establishing a plastic recycling facility
in East Africa highlighted high cost as one of the main weaknesses of the project
(Davies et al., 2020). This high cost is a deterrent for many investors who perceive
the waste management sector as a high-risk investment in Africa (UNEP 2018).
More so, a lack of effective financing models, inadequate institutional frameworks
and poor governance of public resources was noted as a major contribution to
insufficient finance and investment in waste management solutions in many
African countries (Godfrey et al., 2019).

Furthermore, many plastic management facilities in Africa lack access to
adequate finance, particularly small- or medium-scale enterprises that may have
limited creditworthiness, and collateral, and could be risk-averse. Also, the long
lead time to break even for plastic management facilities is a barrier. For example,
bio-based production or upcycling installations may take time to deliver higher
yields and revenues, which might not align with investors’ interests or conditions.
It is, however, heartwarming to note a first-of-its-kind investment in which Dow
(a foreign material science company) and other investors are providing funds to an
African start-up company, Mr. Green Africa, focused on accelerating the circular
plastic economy in the continent (Magoum, 2022). This type of financing model
needs to be studied and explored further in other African countries.

An important factor that makes plastic waste management, e.g., recycling,
less viable is the apparent lower price of virgin plastic feedstocks than recycled
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polymers (Hopewell et al., 2009). Virgin feedstock seems cheaper partly due to
fossil-fuel subsidies. Cabernard et al. (2022) noted a significant increase in South
Africa’s plastic-related greenhouse gas emissions, with 95% attributed to domestic
coal use; yet the government provides a substantial subsidy to the country’s coal
production (Doukas and Roberts, 2019; Pant et al., 2020). Another reason is that
economic policies and investment and financing decisions do not incorporate the
non-monetised negative externalities (e.g., adverse environmental and human
health effects) associated with plastic production from virgin feedstocks. Deloitte
(2019) found that the economic impact of plastic pollution in the African region
ranges between $33 million and $161 million (i.e., $25—-$69 million in cleanup costs
and $8—$92 million in lost revenue). WWF and Dalberg (2021) found that plastic
production in 2019 had a minimum lifetime cost of between $43 and $78 billion when
the damage to livelihoods and other economic sectors and cleanup costs and adverse
effects on human health are considered. Globally, they found that the cost of plastic
production in 2019 to society is at least $3.7 trillion. Because these externalities are
not accounted for in many economic policies (not only in Africa), the linear plastic
consumption model appears to be profitable and adequate. These economic policy
deficiencies make circular plastic solutions less attractive to businesses — which often
depend on supportive policies to help cushion the challenges of shifting to different
business models (Preston, 2012; Preston et al., 2019).

Also, a thriving circular economy will depend significantly on recognising and
integrating the informal sector and smallholder businesses into the formal economy.
The informal sector and smallholder businesses form a significant portion of the
world’s economy and play a critical role in plastic waste management in Africa
(for example, Oteng-Ababio, 2012; Plastics SA, 2019a; Gall et al., 2020; GAIA,
2021; IUCN, 2021b). Unfortunately, these important actors are not adequately
recognised in many countries. Current institutional arrangements disconnect
them from the formal economy, thus inhibiting their effective contribution to the
circular plastic economy transition (WBCSD, 2016; Yeoh, 2020). This situation
also makes it more challenging to reach them with policies or bring in new ideas
and technologies (Preston et al., 2019). Yet, this underappreciated sector plays a
significant role in plastic recycling globally — more than half of the plastics (59%)
recycled globally (i.e., 27 million metric tonnes) in 2016 were collected by the
informal sector (PEW, 2020). In South Africa, the more than 58,000 informal
plastic waste pickers were responsible for 70% of recycled plastics (Plastics SA,
2019b). Training and organising small businesses (for example, into cooperatives
or associations) and supporting their recognition by government and financial
institutions could help strengthen their competitiveness and improve their access
to finance for circular solutions (Medina, 2005; Buch et al., 2021). Kasinja and
Tilley (2018) indicated that the organisation of plastic and metal waste pickers into
waste management cooperatives in Malawi could enhance their activities while
also providing other social and economic benefits. GAIA (2021) highlighted
examples from South Africa, Ghana, Tanzania, Kenya, Morocco and Zambia,
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where organising waste pickers into cooperatives and associations led to more
access to finance while increasing their contributions to achieving a more circular
economy and improving their socioeconomic status.

The following are, therefore, essential to address the economic and financial
barriers to a circular plastic economy:

* Implementing economic policies that support circular plastic solutions, for
example, tax breaks and subsidies. The cost of using products made from post-
consumer plastic wastes (for example, bricks made from recycled plastics) could
be reduced through subsidies or tax credits. Credits and subsidies could also be
extended to businesses involved in plastic pollution management. Concurrently,
higher taxes for plastics containing a high amount of virgin feedstocks and
removal of subsidies for plastics feedstocks such as coal (in recognition of their
negative externalities) could also be instituted to enhance the competitiveness
of circular plastic products.

* Promote public—private partnerships (PPPs) to facilitate investments in circular
plastic and waste management solutions. PPP could help access additional funding
and finance, provide technical expertise and innovation that are usually stronger
in the private sector and help develop win-win solutions for all stakeholders. An
example is a PPP between the Rwanda Environment Management Authority and
the Private Sector Federation, which aims to raise more than $700,000 to address
single-use plastics. The private sector finance would support the collection,
disposal and recycling of plastics, while the public sector would ensure technical
expertise and public awareness (REMA, 2020; YeniSafak, 2021).

e Putting in place de-risking policies and measures to enable small and medium
businesses and large businesses to get more involved in circular plastic solutions.
This is important to manage the high risk, high infrastructure cost and long
lead time associated with circular economy business models and make these
important actors and their projects more bankable (Schroder and Raes, 2021).
Tax exemptions, subsidies and other fiscal incentives could be great de-risking
measures and instruments such as blended finance and investment guarantees
(Schroder and Raes, 2021). Also, capacity-building initiatives, green investment
policies and initiatives such as regional and national green bonds or creating
dedicated financial instruments for the circular plastic economy are ways to make
it easier for small and medium businesses to cushion the initial cost of circular
plastic investments (European Commission, 2019; Schroder and Raes, 2021).

* Develop and implement initiatives to help recognise the vital role of the informal
sector in the circular plastic economy. As noted earlier, creating cooperatives
or associations that bring the informal sector together can strengthen their
contributions to a circular plastic economy and provide other socioeconomic
benefits. Doing this can also enhance their creditworthiness, thus providing
better access to finance. Training and capacity-building initiatives can also
enhance their contribution to a circular plastic economy.
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3.3 Capacity and technology

The current capacity for managing the volumes of plastics produced/imported,
used and disposed of in Africa is insufficient. EY (2020) noted a significant
plastic collection and recycling gap in African cities, with interventions limited
to fragmented solutions rather than a genuinely circular approach. They noted
an 83-kt gap in Accra and Kampala and a 480-kt gap in Lagos, Nairobi and
Addis Ababa. This capacity gap is connected to these cities’ lack of adequate waste
management infrastructure. The fluid and fractured nature of Africa’s plastic
recycling industry, characterised by frequent market entry and exit by players, is
also a significant contributor to the gap (Holland, 2021). Addressing these capacity
gaps will require innovative plastic management solutions.

Today’s deep-rooted end-of-life technologies predominant in African countries
are inadequate as most plastic wastes are mainly reprocessed into products or
materials of lower value. Of the 14% of plastic waste collected globally in 2013,
only 2% were recycled into products of the same or similar quality globally,
8% were downcycled, and the rest were lost (WEF 2016). While specific data
comparing upcycling and downcycling is scarce for Africa, it is clear that plastic
management is mainly dominated by downcycling plastics into products of lower
value (WWF, 2018). This is due to the poor design of many plastic products, which
makes them unsuitable for continued recycling, highlighting the need for circular
designs. Another reason is the dominance of mechanical recycling in sub-Saharan
Africa, with minimal application of chemical recycling solutions (EY, 2020).
A successful transition to a circular plastic economy in the continent will require
developing technological and innovative solutions that are fit for each country’s
unique situation to address these challenges and promote a new way of producing,
using and managing plastics throughout their life cycle across the value chain.

Smart infrastructure and digital technologies are being developed and
implemented for managing plastic across its life cycle, including for manufacture,
waste sorting and data collection and tracking of products. For example, three-
dimensional (3D) printing solutions have been developed for upcycling waste
plastics (e.g., Gaikwad et al., 2018; Mikula et al., 2021), and artificial intelligence,
blockchain and machine learning are being deployed for plastic waste sorting
(Chidepatil et al., 2019; Gupta et al., 2019; loannou and Petrova, 2019; University
of Sydney, 2021). Blockchain has also been deployed to enhance plastic
traceability and facilitate recycling while providing socioeconomic benefits for
plastic recyclers (Katz, 2019; Taylor et al., 2020). But there remain significant
capacity and technology access barriers to deploying or scaling up these high-
tech solutions or making them widely accessible in low-income nations in Africa.
Solutions requiring substantial energy use, internet access and other information
technology facilities may be more difficult to deploy because of a lack of the
enabling infrastructure and, sometimes, needed expertise. Many African countries
still need to develop basic waste management infrastructure and may not be able
to invest in these advanced technologies.
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Furthermore, emerging business models for a circular plastic economy, such as
product redesign, reuse, refill, reverse logistics, product takeback and urban and
industrial symbiosis, would require new expertise across organisation structure,
within government departments and in the plastic supply chains. Developing these
new competencies may be challenging and delay the quick adoption of circular
solutions. Inadequate knowledge among businesses and the public sector, the lack of
comprehensive training and skill development, insufficient knowledge dissemination
among stakeholders, and the potential higher costs of business restructuring and
capacity building are drags to the effective adoption of new technologies, solutions
and business models that will be typical to a circular plastic economy.

Underlying the implementation of circular plastic solutions is the availability of
relevant data on resource flow, but this is also a significant challenge in Africa, as
have been noted, for example, by Jambeck et al. (2018) and Andriamahefazafy and
Failler (2022). The lack of data and, importantly, the infrastructure and capacity
to collect them make it difficult to develop adequate strategies and supporting
policies for a circular plastic economy. It also makes it difficult to assess the
effectiveness of implemented solutions and hinders collaboration across businesses,
the public sector and other stakeholders.

However, some progress is being achieved in the continent concerning
bridging the plastic management capacity gap, deploying new technologies
and solutions and addressing the data gaps spurred by the recent engagement of
start-ups and entrepreneurs in plastic management (EY, 2020). Some examples
are highlighted in Footprints Africa (2021), UNDP (2019), Adebiyi-Abiola
et al. (2019) and Oyinlola et al. (2022), including web and mobile platforms
facilitating plastic waste collection, upcycling of plastics into valuable products,
refill business models for plastic containers and plastic recycling. 3D printing has
also been used to convert plastic waste to low-cost agricultural tools for African
farmers through an international partnership project involving Kenya, Rwanda,
Nigeria and Loughborough University in the United Kingdom (Magoum, 2021).
Furthermore, initiatives such as the African Plastics Recycling Alliance, which
aims to significantly transform plastic recycling infrastructure in the continent
(IISD, 2019), could help bridge the capacity and technological gaps.

To build on these ongoing efforts, the following actions could be taken:

e Enhance capacity to manage plastics by developing waste management
infrastructure (in rural and urban areas) and human resources needs (technical
and managerial) on best practices of plastic management. The capacity to
develop policies and legislation and monitor progress towards a circular plastic
economy should also be developed.

* Address data needs by building capacity to implement robust and transparent
data collection and analysis. This will provide needed information on plastic
resource flows and facilitate better collaboration to implement circular plastic
interventions.



Enabling a Successful Transition to a CPE in Africa 29

¢ Facilitate international cooperation and technology transfer between countries
within and outside the continent to promote learning and capacity building.
This could be through south—south collaboration that brings public and private
sector actors, academics and researchers, civil society and other stakeholders
together to collaborate and exchange best practices on plastic management.
Other options for cooperation could be through international initiatives such
as the World Economic Forum’s Global Plastic Action Partnership which
Ghana and Nigeria are part of (WEF, 2021). This supports the two countries in
developing a roadmap and common approach to plastic management.

* Facilitate the growth of indigenous innovative plastic management solutions
and entrepreneurs through incubator programmes, networking opportunities,
innovation prizes that can foster experimentation and the development of
technologies that address the unique concerns of the continent and accord
with national contexts, socioeconomic circumstances and cultural realities.
Successful examples should be disseminated as best practices. Entrepreneurial
and business growth could also be enhanced through product standards and
specifications requiring recycled plastics in products, thereby increasing the
demand for circular plastic products.

3.4 Society, consumer, business and government culture and
behaviour

Societal and cultural factors relate to how much consumers, businesses and
government institutions are aware of, embrace, and are willing to implement a
circular plastic economy. With consumers, preference for convenience over socially
and/or environmentally beneficial practices remains a significant challenge and is
a key factor that has fuelled the use of single-use plastics in Africa (for example,
Verghese et al., 2008; Adane and Muleta, 2011; O’Brien and Thondhlana, 2019). It is
much easier to implement circular solutions and initiate positive behavioural change
when the concept and value of environmental and socioeconomic benefits of a
circular plastic economy are recognised and understood by consumers (Moss, 2021).

While awareness of the negative effect of plastics is increasing, at least among
many urban dwellers, it is yet to translate into significant change because
changing people’s behaviour is complex. Even acquiring a higher education
does not necessarily translate to action, as noted in South Africa by O’Brien and
Thondhlana (2019) where high spending consumers were willing to spend more to
use plastic bags. This highlights a need for more educational initiatives specifically
tailored to promote citizen awareness and behavioural nudge interventions to help
consumers act appropriately. It should also be noted that consumers also stated
the lack of alternatives or substitutes for plastics as a reason why some have been
unable to change (Verghese et al., 2008; Adebiyi-Abiola et al., 2019; Adam et al.,
2020). Language barrier is also critical, especially among rural African dwellers,
as circular principles need to be broken down to local context.
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Resistance and non-alignment of businesses and company culture with the
principles of a circular plastic economy could be a barrier among businesses.
While a circular plastic economy will require significant business-to-business
cooperation along the supply chain, many organisations are either unwilling to
cooperate or not designed for these types of collaboration. The small size and
organisational structure (or a lack of it) of many actors along the plastic supply chain
in Africa could precipitate a culture that makes it challenging to collaborate with
other businesses. The need for a long-term business perspective and the required
significant change to business models in a circular plastic economy could also lead
to resistance among business leaders whose short-term interests may dominate
decision-making and prefer the status quo (Houston et al., 2018; Behuria, 2021).
Inadequate awareness and communication culture within organisations and
between businesses involved in the plastic supply chain means that many may
not understand the benefits, making it difficult to support new solutions, change
business models or collaborate with others.

On the governmentsside, a lack of political will to promote the circular economy
and to lead by example could also be an obstacle. For consumers, businesses and
other stakeholders to take the transition to a circular economy more seriously,
it 1s essential for the linear plastic use culture within governmental institutions
to change, for example, in procurement. Eliminating single-use plastics and
other non-circular plastic products in government-related buildings and events
and promoting sustainable behaviour among government workers can set a good
example for businesses and influence consumers’ choices (Environment Georgia,
2021). Governments also have a significant role in promoting the right behaviour
among companies and individuals through policies, regulations, incentives,
standards and awareness-raising (Sections 3.1 and 3.2).

To enable the transition to a circular plastic economy, the following actions and
nudges need to be put in place to help overcome sociocultural barriers:

* Develop customised awareness-raising campaigns tailored towards the desired
change expected from consumers, businesses, decision-makers and institutions.
It could be anchored as part of a broader sustainable development objective and
include explicit language and messages and the expected outcomes for each
constituency. Awareness campaigns should employ relevant media channels
that make it easy to reach different actors, such as social media for youths and
the middle class; radio and community meetings for rural dwellers; print,
digital and social media for urban dwellers; etc. Being specific on what needs
to be done (e.g., separating plastic at the source or choosing refillable products)
and adding humour to awareness initiatives make them memorable and can
promote adoption (Kelleher, 2021; Moss, 2021).

* Develop and disseminate educational programmes targeted at the different actors
in the plastic value chain. Circular economy and sustainability concepts and
principles should be incorporated into the education curriculum at all levels and
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training programmes in the public and private sectors. Educational platforms
for sharing resources and best practices should be developed for businesses and
government institutions. Best practices on green procurement should be taught
in government institutions. Educational programmes should also target rural
dwellers using appropriate language and media such as community radio and
television.

* Deploy initiatives to encourage a change in behaviour among consumers,
businesses and government institutions. Behaviour change can be promoted
through incentives or disincentives for consumers and businesses (Jia et al.,
2019; Metternicht et al., 2020; Kelleher, 2021). For example, charges on single-
use plastics, donations by supermarkets to charity for each plastic avoided by
customers (Adeyanju et al., 2021) or subsidies on circular plastics to promote
change in business behaviour. Rules and regulations to require or encourage
desired behaviour (e.g., bans of non-circular plastics or charges for the use
of certain plastic packaging) could also be instituted. Providing information
about the desired behaviour, for example, through awareness campaigns (see
above), can also help nudge individuals, businesses and government in the right
direction, as well as influence through peers and social groups (Rapada et al.,
2021) and the availability of alternatives that make decision-making easier.

4 Plastics management, systems thinking and sustainable
developmental priorities

Creating the enabling environment for a successful transition to a circular
plastic economy in Africa (and elsewhere) would require addressing the different
components that form the plastic resource system. Using a modification of the
conceptual model developed by lacovidou et al. (2021), the plastic resource
system comprises the material flow subsystem (extraction, processing, production,
importation, consumption, reuse, recycling and disposal of plastic resources)
and actors’ subsystem (manufacturers, businesses, investors, retailers, waste
management industry, government and consumers) interacting with each other
(Figure 2.3). Each actor within the plastic resource system plays different roles based
on their values and goals. For example, at the basic level, the manufacturer’s goal
is to make plastic products using available natural resources, while the investors’
goal is to maximise the return on their investments. Consumers generally want
products that are convenient and meet their needs, while businesses and retailers
seek to meet consumers’ needs and make profits in the process. All actors within
the system will act to promote their objectives.

But the plastic resource system is further embedded into a broader system
comprising the environment and associated ecosystem services; technologies
and innovations; governance, regulatory, policy and institutional frameworks;
economic, financial and market influences; and human and societal needs and
behaviour. These broader system components constantly interact with each other
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FIGURE 2.3 The plastic resource system comprises resource flow and actors embedded
in a broader system. The wider system interacts with the resource system,
affecting the entire system’s behaviour directly or indirectly

and with the plastic resource subsystem (Figure 2.3). For example, the environment
is the source of the natural resources used in making plastics (e.g., biomaterials
and fossil fuels). The type of technology and innovation applied in extracting,
processing and managing the natural resources (to make plastics) will influence
how the production of plastics impacts the environment and associated ecosystem
services. Hence, non-circular plastic production is associated with significant
environmental impacts, as described in Section 1, while circular plastics would
have less impact.

Policies, regulations, institutional frameworks and the prevailing economic
and market situation would influence how plastics are made and their low within
the resource system. Further, prevailing economic realities and broader policy
priorities can significantly influence societal behaviour and determine whether
a circular plastic economy can be achieved. An example of how socioeconomic
reality affects human behaviour towards plastic management is in Nigeria and
Cameroon, which faces the challenge of plastic pollution due to inappropriate
use and disposal of water sachets — because of a lack of access to drinking water
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and the high cost of alternative packaged water. Nigeria is most likely the highest
consumer of water sachet in Africa. But consumers are unable to reject the water
sachet due to a lack of public water supply, thus resulting in a continuous plastic
pollution cycle (Adebiyi-Abiola et al., 2019; Kobo, 2021). Another example is in
Cote D’Ivoire and Ghana, where it was challenging to implement a ban on plastic
bags because plastic bag production employs a substantial number of citizens (up to
1 million citizens in Cote D’Ivoire) (Kobo, 2021). These highlight the interlinkages
between the plastic resource system and societal needs and the importance of
connecting circular plastic solutions with immediate socioeconomic priorities.
Sustainable development priorities such as job creation, economic diversification,
better health, sanitation, food security, equality and poverty reduction are critical
components of the broader system on which the transition to a circular plastic
economy can be anchored to gain traction, attract investments and be successful.

Therefore, to effectively manage plastics throughout their life cycle, solutions
should be based on the systems thinking approach. The approach ensures that
the complex interactions between the various components that form the plastic
resource subsystem and those of the broader system are considered to achieve desired
outcomes across all three dimensions of sustainable development (environment,
social and economic). Understanding these interactions will help comprehend the
root causes and support the development of appropriate interventions that will not
lead to adverse effects on other system components. For example, in developing an
action plan for plastic management, an understanding of the interactions within the
plastic resources system and with the broader socioeconomic system in a country
or city can help guide in determining which of the enablers discussed in Section 3
should be prioritised at the national or city levels. The outputs from such analysis
are expected to differ in each African country. But by applying the systems thinking
approach, it is possible to develop solutions that consider the specific national or
local contexts, prevailing economic and social circumstances and cultural realities.

Governments have a critical role in achieving a circular plastic economy
because of their significant power to put in place the required enablers. It can
develop regulations and policies, facilitate technology access and implement
capacity-building initiatives. But government efforts must incorporate all relevant
stakeholders (an essential aspect of the systems thinking approach) and align
with a vision of sustainable development across all economic sectors. That way,
it can ensure that solutions to plastic pollution address root causes, achieve the
targeted objectives and do not have unintended negative consequences on other
environmental, societal and economic priorities.
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DIGITAL TECHNOLOGIES AND THE
REGIME COMPLEX FOR PLASTICS
IN NIGERIA

Natalie Beinisch

1 What Is Regime Complex Theory and Why Does It Matter?

Regime complexes are used to describe the phenomenon of overlapping, non-
hierarchical institutions that regulate issue areas at the international level. Its
analytical approach is concerned with defining and mapping the boundaries
of regulatory spaces and identifying interactions between different regulatory
institutions (Raustiala and Victor 2004). The logic of using this approach is that
as international rule-making and coordination becomes more complex, power
dynamics shift and so too do explanations of why and how rules are made and
implemented.

Keohane and Victor (2011) outline three assumptions that shape this approach:

1. International regulatory issues cut across multiple regulatory domains. This is
important because there are elements of rule-making that are path dependent
and cannot be explained by power dynamics alone.

2. International regulatory problems are complex and usually represent a set of
interdependent problems. “Climate Change”, for example, includes a number
of distinct problems including energy efficiency, transitions to new energies,
changes in consumption patterns, etc. Accordingly, there is a greater diversity
of interest groups and organisations that participate in regulatory processes, and
these organisations may cooperate or compete with one another. This means
that examining regulation as interactions between overlapping institutions can
be more instructive than studying a single regime.

3. The complexity of rule-making makes forum-shifting possible, but this does not
necessarily produce suboptimal regulatory institutions because forum-shifting
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allows greater flexibility to manage the complexity and uncertainty associated
with international regulatory problems. Defining the overlapping institutions
that constitute a regime complex and assessing them against a set of normative
criteria (outlined in Section 3) can help to determine whether a bundle of
institutions working in a specific issue area are operating in a constructive way
or not and can help to identify ways of addressing coordination challenges.

Regime complexes matter because they enable us to study regulation in terms of
coordination between organisations and institutions that work in a specific issue
area. As the past three decades have ushered in unparalleled growth of regulatory
institutions at the international level, the complexity and interdependencies of
international regimes are expected to grow.

Interestingly, the regime complex approach is focused on the interdependencies
of interstate regulation. Another trend that has taken place alongside the growth
of international regimes is growing participation of businesses and civil society
organisations in what is referred to as “transnational” regulation (Abbott and
Snidal 2009). Abbott (2012) observes that the participation of non-state actors in
the development and implementation of regulation has equally produced complex
and overlapping institutions that interact with interstate regimes in what he refers
to as “conscious parallelism” (Abbott 2012, p. 583). While he underlines that
transnational regulation produces even greater diversity and fragmentation of
interests and capacity to regulate, Abbott (2012) makes the case for expanding
regime complex theory to include analysis of transnational regimes, arguing that
both interstate regime complexes and systems of transnational governance “lack
clear institutional architectures, yet in both cases organizations and standards
are loosely coupled through a common focus” (Abott 2012, p. 583). Similar
observations have been made by Green and Auld (2017) who argue that it is
necessary to include private actors in regime complex analysis.

Another point of institutional interaction is between interstate regimes,
transnational regimes and national regulation. As nation-states are direct
participants in interstate rule-making, they are responsible for implementing or
enforcing international regimes at the national level. Nation-states may also be
key constituents in transnational regulation and can both shape or be shaped by
transnational regulation (Grabosky 2013; Reed et al. 2013; Beinisch 2017; Breslin
and Nesadurai 2018; Clapham 2022).

In short, the regime complex approach helps to map and explain growing
rule complexity at the international level. While the approach originates from
the study of interstate regimes, its core methodological elements, of defining
regulatory issue areas, the institutions which participate in standard setting
and implementation and the interactions between them, are flexible enough to
accommodate a plurality of regulatory forms, including interactions between
interstate, transnational and national and sub-national regulation.



44 Natalie Beinisch

2 “Good” and “Bad”: Assessing the Function of Regime
Complexes

As Tolstoy is famously quoted in the opening page of Anna Karenina that “Happy
families are all alike; every unhappy family is unhappy in its own way”, so too
are regime complexes dysfunctional in their own way. Keohane and Victor (2011)
outline a set of six normative criteria to assess whether a regime complex is
functional or not. These criteria are as follows:

Coherence: The different components of a regime complex may be more or less
compatible and mutually reinforcing. The more compatible the components of
the regime complex, the more coherent it is.

Accountability: The components of a regime complex should be accountable
to their constituents. Constituents include other states, non-government
organisations and mass publics. Constituents of the various elements of a
regime complex should be well defined and have the right and means to hold
others to a set of standards and to impose sanctions if standards have not
been met.

Effectiveness: Effectiveness refers to rule appropriateness and compliance. An
effective regime is expected to create more net benefits for its constituents.
Determinacy: This refers to the certainty of the meaning of rules. In a highly
determinant regime complex, rules and objectives are clear and uncontested as

are the pathways to meeting them.

Sustainability: This is equivalent to regime stability and the likelihood that
shocks or pressure will disrupt different elements of a regime complex. A more
sustainable, or stable, regime is preferred to one that is less stable because it
improves certainty about future rules.

Epistemic quality: This refers to consistency between rules and scientific
knowledge, capacity to revise rules and accountability of managers who
operate regime components.

Keohane and Victor (2011) observe that different elements of regime complexes
may vary from highly functional to highly dysfunctional. The degree to which
the sum of these elements is functional helps to set our expectations about
the overall capacity of a regime complex; however, there are no hard and fast
criteria to help distinguish between different degrees of functionality. This is
not necessarily problematic as a fixed form of assessment would be less capable of
accommodating the diversity of regulatory issues and organisations that make up
a regime complex. Indeed, a range of authors have used this approach to evaluate
regime functionality including Abbott (2014), Brosig (2013), Nye (2014) and
Widerberg and Pattberg (2017). The main purpose of applying these normative
criteria to a regime complex is to identify vulnerabilities within a set of loosely
coupled regimes and approaches to address them.
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3 Regime Complex Theory and Digital Technology

Digitisation 1s playing an increasingly critical role in policy and regulatory
processes. E-government, the delivery of information and services by governments
to the public is a near-global phenomenon, with most governments across the
world offering some types of digital services to citizens to improve efficiency and
facilitate greater regulatory compliance (Fang 2002; West 2007; Jayashree and
Marthandan 2010). Within interstate and transnational regulatory systems, digital
technologies are likewise deployed in the same manner. For example, online tools
such as the NDC Partnership and the NDC reporting tool of the Organisation
of African, Pacific and Caribbean States have been created to facilitate and
standardise reporting for the Nationally Determined Contributions (NDCs) to
meet the goals of the 2015 Paris Agreement on climate change. Transnational
regulatory programmes such as the Global Reporting Initiative and the Principles
for Responsible Investment are also primarily digitally based.

E-governance, on the other hand, is related to structural changes of governing
that are enabled by digital technology (Bannister and Connolly 2012). While
Bannister and Connolly (2012) point to examples such as fixmystreet.com
where decision-making about road improvements is driven from the bottom-
up, they argue that technology has to date been limited in terms of producing
meaningful structural transformations. In the same vein, regime complex theory
helps to map radical structural changes that impact how transnational issues are
governed; however, these changes are linked to changes in views about the role
that governments should play in society and the economy (Hood and Dixon 2015;
Hood and Rothstein 2000), the growth of the free-trade agenda (Cutler et al.
1999; Cashore et al. 2008) and growing rule density and issue complexity (Alter
and Raustiala 2018).

Regime complex theory tends to treat digital technology as a subject rather
than a mechanism of regulation or driver of regulatory change, covering issues
such as cyber regulation (Raymond 2016; Pawlak 2019), digital trade (Azmeh et al.
2020; Weina 2021), intellectual property rights (Kuyper 2015) and digital sequence
information of plant genetic resources (Smyth etal. 2020). However, given that digital
technologies have the potential to address issues of accountability, transparency and
coordination that are more common in non-hierarchical or “networked” forms of
regulation (Newman 2004), the regime complex approach can help us explore the
extent to which digital technologies enable new modes of governance.

4 Methodology

This chapter defines and maps the regime complex for plastics in Nigeria and
assesses how it functions based on Keohane and Victor’s 2011) normative criteria.
Based on this assessment, this chapter identifies ways that digital technology may
be used to address weaknesses in the regime complex for plastics in Nigeria from
an e-government and e-governance perspective.
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One of the attractions of regime complex theory is its flexibility. As Gémez-
Mera et al. (2020) argue in their review, the “label ‘regime complex’ is appropriate
at any level of analysis as long as institutions under study are analyzed as a set
rather than as unconnected units or a cohesive block” (Gémez-Mera et al. 2020,
p. 3). It is in this spirit that this chapter builds on the work of Abbott (2012) and
incorporates non-state regulatory programmes in its analysis. The next section
defines and maps the regime complex for plastics at the international level as well
as its relevance at the national and sub-national levels in Nigeria. The mapping
is carried out through documentary analysis, based on material that is publicly
available. Information about regulatory developments in plastic waste was accessed
through literature reviews. The websites and policy documents of regimes
identified through the literature reviews were studied and triangulated with news
and “grey” research material to find evidence of regime implementation. This
constructivist approach is compatible with regime complex theory and allows us
to explore a much richer tapestry of regulatory activity, as well as the interactions
(or absence of interactions) between them.

Regimes that are identified and mapped are subsequently evaluated against the
Keohane and Victor’s (2011) normative criteria, which is mapped in Table 3.1.
Application of these criteria is more art than science, especially because the details
of the ways regulatory systems function are not always obvious from the vantage
point of desktop research which is the primary form of data collection for this study.
Another methodological challenge is the broad definition this study takes in respect
to regimes, meaning there is a high volume of plastic initiatives that qualify as
regimes, especially in respect to pledges and commitments of individual businesses.
While every regime is different, those which are in abundance, such as business and
multi-stakeholder regimes, are evaluated as a group as their characteristics are close
enough in similarity that this avoids needless analytical repetition.

Given the observational difficulties of assessing the normative criteria, a best effort
approximation is made for each one. Regime coherence is taken as the expression of
the core objectives of the regime. These objectives are outlined with an indication
as to whether they conflict with other elements of the regime complex. Evidence
of established reporting frameworks is used to determine the accountability of
regime components. Given the diversity of regimes under the microscope, there is
no single reporting framework that can be ascribed as preferential to alternatives, so
only observations of whether they can be observed and their type are recorded. The
most accessible way to measure rule effectiveness is to determine whether compliance
mechanisms are present to reinforce standards. As with reporting, a multitude of soft
and hard compliance mechanisms exist; however, binding agreements that can be
enforced with a “big stick™ are far more likely to mobilise behaviour change, especially
when changes are costly (Braithwaite 2006). Determinacy is assessed in this chapter
in terms of rule specificity. The assumption in this case is that the more specific the
rules and more detail about implementation is clear the more determinant a regime
is. The approximation that is used to determine regime sustainability in this chapter



TABLE 3.1 The regime complex for plastics and Nigeria

Domain Marine Waste Safe and Efficient Waste Emissions Reductions
Management and Recovery and Bio-Diversity
Institutional Arrangement Management

Multilateral Institutions  Convention on Prevention of Marine Pollution
(IMO, UNEP, UNEA, International Convention on Prevention of Pollution by
FAO) Ships
Basel Convention: Categorizations of Plastic Waste (May 2019)
Ad-hoc open ended group on Marine Litter and

Microplastics
Ministerial Conference on Marine Litter and Plastics
Pollution
Regional Agreements Abidjan Convention
and Frameworks Nairobi Convention

EU Directives on Microplastics (multiple, product and
process based regulations)
EU Waste Import and Export Restrictions and Bans
European Strategy for Plastics in a Circular Economy
Commonwealth Clean Ocean Alliance
National and Sub- Material and Material Import Bans (Single Use Plastics, Microbeads, Waste Materials)
National Regulation Extended Producer Responsibility Schemes
National Policy on Plastic
Management (Nigeria)
Sub-National Plastic Policies
Waste -to-Wealth Schemes
and Recycling Programmes
Waste Picker MBOs

(Continued)
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TABLE 3.1 (Continued)

Domain

Institutional Arrangement

Marine Waste Safe and Efficient Waste Emissions Reductions
Management and Recovery and Bio-Diversity
Management

Business
Self-Regulation

Multi-Stakeholder
Regulation

Investor Groups

Development
Institutions

Material bans, recycling and reuse commitments, material transition commitments

FAO Code of Conduct for Fisheries
EU Pledging Campaign: Call to for businesses to produce and use more recycled plastics
Oceans Plastics Charter
Honolulu Strategy on Marine Litter
Ellen MacArthur Global Plastic Commitment
Alliance to End Plastic Waste
Plastic Waste Partnership
UK Plastics Pact
Coordinated Investor Engagement Frameworks
Circulate Capital
Recycling value chain initiatives
Circular Economy initiatives

yosiuiag aleieN 8%
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is in terms of institutional development. For example, a regime with an established
secretariat, active members and a functioning reporting process is considered to be
highly sustainable, while ones that are missing one or more of these functions are
categorised as “medium” or “low”. Finally, epistemic quality in this study is taken to
equate to process. If there is an institutionalised form of rule review and development,
epistemic quality is considered to be high; however, if rule review appears to be
haphazard or non-exist, then it is classified as medium or low, respectively.

Based on the observations from this assessment, the final section concludes with
a discussion about the role that digital technology can play from the perspective
of improving delivery and coordination as well as possible structural changes that
digitisation may facilitate.

5 Nigeria within the Regime Complex for Plastics

Plastics are ubiquitous in our daily life and are used to produce everything
from nappies to cars. However, by many accounts, we are in a period of crisis
when it comes to plastic production, use and disposal. Plastic waste accounts
for approximately 12% of all solid waste produced on the planet (Ghosh 2020).
According to the World Wildlife Fund, 141 million metric tonnes of packaging
waste alone was produced in 2015, with only 10% of materials being recycled.
The remaining 90% of plastic packaging waste that is generated is landfilled,
incinerated or leaked into the environment. Left unchecked, volumes of plastic
packaging waste are expected to swell by 40% by the year 2030 (WWEF 2019).
Rapidly growing volumes of plastic waste have crept into all aspects of natural
life: plastic micro-particles can be found in water, arctic snow, soil and in our food
(Bergman et al. 2019). By the estimates of one study, the weight of plastic build-up
in the ocean will outstrip the collective weight of fish by 2040 (Lau et al. 2020).
The impacts of these increasing volumes of plastic waste are not merely academic;
they have far-reaching effects, especially for the health of all living populations
on earth. Large numbers of marine and animal life have perished from ingesting
or getting entangled with plastic materials (Sigler 2014; Gall and Thomson 2015).
There have even been reported fatalities of large mammals such as elephants from
ingesting plastics (The Guardian 2022).

Even more alarming is the threat posed by waste plastic to natural ecosystems.
Research on marine life has found that micro-plastics in water sources affect the
endocrine systems of fish, with relatively little known to date about the impacts
on humans who consume them (Rochman et al. 2014; Rao 2019; Zhu et al. 2019).
The absorption of micro-plastics by animals and plants at the bottom of the food
change is also thought to threaten their development and growth (Environmental
Investigation Agency 2022).

Another threat of plastic waste comes from open incineration, which is
common in countries such as Nigeria that do not have strong waste management
infrastructure (Saush and Schulte 2021). Open incineration is a significant health
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hazard for all forms of life, and the release of toxic chemicals into the atmosphere
increases a range of health risks to humans including heart disease, emphysema
and damage to the central nervous system (Kawamura and Pavuluri 2010; Verma
et al. 2016).

As climate change has become an increasingly salient global agenda item, it is not
only issues related to plastic disposal that have sharpened into focus but also there
is increasing emphasis on the role that plastic plays in generating greenhouse gas
(GHG) emissions and impacting biodiversity and the environment across its life cycle.
Importantly, production of virgin plastics depends upon extraction of fossil fuels,
and it is estimated that between 4% and 8% of global oil consumption is associated
with plastics, with the proportion set to rise to 20% by 2050 (Ellen MacArthur
Foundation 2017). Life cycle studies of plastic have also identified that refining and
manufacturing plastic materials as well as the proliferation of micro-plastics in water
sources play a significant role in the production of GHG emissions, with GHG
emissions from plastics expected to reach about 1.34 billion tonnes per year by 2030.
This is roughly the equivalent to the emissions produced by 300 new 500-MW coal-
fired power plants (Centre for International Environmental Law 2019). Put another
way, if the global plastic life cycle were a country, it would be the fifth largest emitter
of GHGs in the world (Environmental Investigation Agency 2022).

Concerns about the disposal of plastic, its impact on air quality, animal and
human health and marine life as well as growing awareness about the plastic life
cycle and its impact on biodiversity and GHG emissions have led to three types
of policy action at the international level. The first is related to controlling and
managing plastic waste that is leaked into the marine environment, the second
is related to improving waste recovery and management systems and the third is
focused on reducing production and consumption of plastics.

International efforts to control waste materials including plastics began in the
1970s and instruments such as The Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter and the International
Convention for the Prevention of Pollution from Ships were connected primarily
to controlling maritime activities which fell under the domain of the International
Maritime Organisation. These efforts were followed by regional frameworks such
as the Abidjan and Nairobi Conventions, which are facilitated by the United
Nations Environmental Programme. The Abidjan and Nairobi Conventions
were established in the 1980s and are intended to mobilise and harmonise
legal frameworks in Western and Eastern Africa that protect and preserve the
marine environment. These frameworks are broader than the conventions which
proceeded it because they cover land-based activities that impact the marine
environment. Regardless, the conventions serve to coordinate as opposed to
enforce or implement regulatory standard setting.

At the national and sub-national levels, plastics have historically fallen under
solid waste management regimes which address how waste is segregated and
disposed. However, pressure groups in the United Kingdom and Europe have
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successfully lobbied for specific policies to address plastic waste, including bans on
single-use plastics, micro-beads and imports of plastic material. Single-use plastic
bans in particular have been successtully diffused across the world since they were
introduced in the early 2000s (United Nations Environment Programme 2018).
Nigeria is a case in point, having adopted a National Policy on Plastic Management
in 2020. The policy is wide-ranging, including a colour-coding scheme for waste
separation and consideration of the role of the judiciary in plastic management.
However, it also stipulates for a single-use plastic ban to be implemented at the
sub-national level. As a bellwether, in Lagos the ban has been applied to staft’
working at the Lagos State Environmental Protection Agency (Akoni 2022).

Extended Producer Responsibility (EPR) schemes are another important
regulatory tool deployed by national governments and have been rolled out since
the 1990s, beginning in Northern Europe (Walls 2006). While the design and
operations of EPR schemes vary, the key tenet of this approach is that producers bear
significant financial or physical responsibility to treat or dispose of waste at its end
of life. The view is that this creates incentives for producers to innovate to reduce
waste and experiment with new material types in production. EPR schemes cover
a range of material types including plastics and have been implemented across the
world. A core institutional feature of EPR schemes is Producer Responsibility
Organizations (PRO). In Nigeria, the EPR for plastic packaging was initiated by
the Nigeria Environmental Standards and Regulation Agency (NESREA) and is
implemented by the Food and Beverage Recycling Alliance (FBRA), which was
set up in 2013 by the major global Fast Moving Consumer Goods (FMCG) brands
operating in Nigeria.

While Nigeria has been quick to adopt progressive policies to restrict plastic
use, its institutional context is a far cry from that where these policies originated,
which has consequences for implementation. In its most basic terms, public
infrastructure to support waste segregation, collection and disposal is weak, with
issues such as taxation, transport infrastructure, space and availability of collection
and processing agents and facilities undermining efforts to build waste management
capacity. Beyond this, however, policy design can be overly ambitious, vague or
both as is the case with the Nigerian National Policy on Plastic Management.
This makes it difficult to connect policy with responsibilities and resources for
implementation.

Another important distinction in the Nigerian context is the critical role of the
informal sector in collecting and recycling plastic and other waste material. Much
ink has been spilled about the integration and institutionalisation of rights of the
informal sector into waste collection and recycling programmes (Chikarmane
2012; Scheinberg 2012; Katusiimeh et al. 2013); however, the informal sector
remains largely self-organised, with limited examples of legal or institutional
frameworks that provide informal waste pickers with income or health security.
In Nigeria, engagement with the informal sector is programmatic and led by
state and non-state organisations including local governments, businesses and
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development organisations, focusing on issues such as price stability, access to off-
takers and opportunities to upcycle waste plastics.

Policies that address plastics in terms of emission reductions and biodiversity
protection are relatively new, with their origins connected to promotion of “circular
economy” principles that are centred on optimising resource use and eliminating waste
in economic value chains. This new generation of policy is not separate from marine
protection or waste management agendas but rather seeks to add new dimensions that
are focused on reducing or eliminating the production of plastics all together.

The European Union (EU) has established the most comprehensive and
stringent policy framework to date with its Strategy for Plastics in a Circular
Economy. The strategy has facilitated new sets of directives that set, among other
things, standards for recycled components in materials. As a part of the strategy, the
EU has set targets for plastic recycling and established the EU Pledging Campaign,
a voluntary programme for businesses to produce and use more recycled plastics
and initiated amendments to the Basel Convention, which covers transboundary
movement and disposal of hazardous wastes, to include plastic waste in a bid to
prevent dumping.

Much of the new generations of policy initiatives that incorporate circular
economy principles are developed within what is described as “the Governance
Triangle” (Abbott and Snidal 2009) of States, Businesses and Civil Society
Organisations. This includes the Global Plastic Commitment launched by the
Ellen MacArthur Foundation, a UK-based advocacy organisation, and the
Alliance to End Plastic Waste, set up by polymer producing organisations. As with
the example of the EU Pledging Campaign, action mobilising non-state actors is
driven by governments as well.

Table 3.1 maps the existing regime complex for plastics based on the policy
domains and the type of institutional arrangement driving policy.

Issues related to plastic production, consumption and disposal cut across issues of
marine protection, waste management, health and safety, biodiversity and climate
change, with plastic management entering existing frameworks such as the Basel
Convention and appearing on the agenda of the United Nations Environmental
Assembly through conferences and working groups on marine litter. As circular
economy approaches have popularised, production, consumption and disposal of plastics
have increasingly been addressed in conjunction with one another, creating overlaps
between previously elemental regimes that were focused either on marine protection or
waste management. There is also a proliferation of multi-stakeholder agreements, some
of which commit businesses to eliminate or reduce plastic waste in their value chains,
and these are complemented by individual commitments by businesses. Increasing issue
and institutional overlap as well as rule complexity means that international frameworks
governing plastics bear the hallmarks of a regime complex.

The regime complex for plastics is observed in multiple forms in Nigeria.
The first is through regulatory diffusion such as plastic bans and EPR
schemes. The second is through business implementation of both statutory and
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voluntary plastic commitments, which is most visible through programmatic
recycling and collection schemes and growing demand for recycled polyethylene
terephthalate (rfPET) exports. The third is via development institutions seeking
to build institutional capacity to address waste reduction, waste management and
recycling. Consistent with the picture painted at the international level, the regime
complex for plastics in Nigeria involves multiple institutional arrangements;
however, the primary focus of activity is on waste management and recovery.

6 Assessing the Regime Complex for Plastics

Table 3.2 provides an overview of the normative assessment for the regime complex
for plastics. At the international level, regimes are broadly coherent. There is no
real evidence that membership or compliance to one regime conflicts or contradicts
with compliance to another. This limits risks of forum-shifting as new forms of
regimes that materialise appear to operate in the spirit of “conscious parallelism”
described by Abbott (2012). However, at the national level, there does appear to
be inconsistencies with international policies that have been adopted by the federal
government and existing legislation, mainly because technical specifications are
not updated to facilitate recycling at the pace in which new policies are introduced.

In terms of accountability, reporting is varied with more established
international and regional frameworks having very institutionalised reporting
processes and others being more dynamic. This variety is a function of the maturity
and orientation of some regimes studied. For example, the Ad-hoc Open-Ended
Group on Marine Litter and Micro-plastics exists more to establish international
practices than to enforce them. Partnerships, alliances and business regulation
present a similar case where the maturity and orientation of rules is varied. In
this respect, a standardised reporting framework is not necessarily expected or
desired. In other cases, such as the Abidjan and Nairobi Conventions, reporting
frameworks exist but are not used systematically. In Nigeria, reporting is patchy
due to slow implementation of regimes.

One of the loudest calls to action in the past year has been for a binding treaty
on plastic (Centre for International Environmental Law 2021). As EU Directives
on plastics are the only binding regime that constrain plastic production, use
and consumption at a multi-country level, this sense of urgency is logical.
Unfortunately, the evidence from this study indicates that regardless of whether a
treaty is binding or not, there are significant headwinds in terms of how countries
like Nigeria are positioned to implement binding international rules. This may be
due in part to the way that international regimes have historically been translated
into policy in Nigeria, as from the perspective of rule determinacy, rules on
EPR and plastic management have been relatively vague and far-reaching,
making them very difficult to translate into practicable law. From the perspective
of sustainability and epistemic quality, the challenges are comparable as there
is little evidence of institutional capacity or process to implement regulation



54 Natalie Beinisch

TABLE 3.2 Normative assessment of the regime complex for plastics

Regime

Normative Criteria

Basel Convention:

Categorizations of

Plastic Waste (May
2019)

Ad-hoc open ended
group on Marine Litter
and Microplastics

Abidjan
and Nairobi
Conventions

EU Plastic
Directives

Coherence

Different components
of a regime complex
may be more or
less compatible and
mutually reinforcing.
The more compatible
the components of
regime complex, the
more coherent it is.

Accountability

Constituents of the
various elements of
a regime complex
should be well
defined and have the
right and means to
hold others to a set
of standards and to
impose sanctions if
standards have not
been met.

Effectiveness

Rule appropriateness
and compliance. An
effective regime is
expected to create
more net benefits for
its constituents.

Determinancy

Certainty of the
meaning of rules. In
a highly determinant
regime complex,
rules and objectives
are clear and
uncontested as are
the pathways to
meeting them.

Evidence of a
"ratcheting up"
of standards,
consistent with
goals to improve
waste collection

and recycling rates
globally and reduce
dumping of plastic

materials.

Consistent with
"Circular
Economy"
approaches,
emphasizes
integration of life-
cycle approaches
to existing
marine protection
and waste
management
frameworks.
Emphasis
on technical
expertise and
multi-stakeholder
approaches that
are endorsed by
states.

Standardized National Meeting-based

Reports for
member states

Non-Binding

Detailed and Specific

reporting

Non-Binding

Exploratory

Emphasis on
marine
and coastal
protection,
regional

coordination.

Programmatic,
limited
reporting
mechanisms

Non-Binding

Thematic

Eliminates and
restricts use
of plastics
materials
considered
most
threatening
to the
environment.
Reinforces
EPR
schemes.

Reporting and
labelling.
Directives
implemented
by members
states.

Binding

Detailed and
Specific
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Plastic Waste Business National Nigeria Plastics  Sub-National Extended Producer
Partnerships and ~ Material Bans Material and Management Waste Responsibility
Alliances Material Import — Policy Management (Nigeria)
Bans Frameworks
Consistent Bans/Material International ~ Objective is Approach to EPR guidelines
with national phase-outs standards consistent plastics is were
and regional vary depending such as with programmatic, introduced by
measures upon company. single use “Circular consistent with the Nigerian
to improve Generally plastic bans, Economy” national and Environmental
recyclingand  consistent with amendments approaches, international Standards
innovation regional and to the Basel content objectives, Agency in
to reduce multistakeholder ~ Convention of policy however 2014. The
waste. Ellen frameworks. are being is broad, there can be guidelines
MacArthur integrated or  ambitious. conflicts with require
Plastic introduced historical waste ~ companies
Commitment into national management to submit
focuses policy regulations individual
frameworks. and plastic EPR plans to
reduction/ the agency.
recycling The principles
ambitions. of the EPR are
consistent with
EPR schemes
globally.
Varying Non-binding, Not yet Not fully N/A Reporting to
reporting varying implemented  implemented NESREA
frameworks. reporting in Nigeria through
frameworks. individual
plans.
Non-binding.  Non-binding Not yet Scope of policy N/A Technically
implemented  too broad to binding.
in Nigeria be enforced.
Varies Varies Not yet Broad and N/A General
implemented ~ Vague framework and
in Nigeria guidance.

(Continued)
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TABLE 3.2 (Continued)

Regime Basel Convention: Ad-hoc open ended Abidjan EU Plastic
77777777777777 Categorizations of group on Marine Litter — and Nairobi Directives
Normative Criteria Plastic Waste (May and Microplastics Conventions

2019)
Sustainability High Low Medium High

Likelihood that
shocks or pressure
will disrupt different
elements of a regime
complex. A more
sustainable, or stable
regime is preferred to
one that is less stable
because it improves
certainty about
Sfuture rules.
Epistemic Quality High High Medium High
Consistency between
rules and scientific
knowledge, capacity
to revise rules and
accountability of
managers that
operate regime
components

derived from international regimes. This is not to say that the effect of a binding
international treaty would be negligible in Nigeria. Rather, based on this analysis,
the expectation is that its translation would be mediated by domestic regulatory
institutions that lack competencies and resources to implement them, so the most
likely sources of interaction of Nigerian economic actors with such a treaty would
come from international actors that have obligations or interests to implement it.

7 Digital Technology and the Regime Complex for Plastics

The previous section paints a picture of the regime complex for plastics where
there is broad consistency about the goals of addressing plastic waste and high
levels of variation in terms of how different regimes implement and report on
these goals and address compliance. This variation stems from three factors.

The first is maturity: while there are some regimes where rules and processes
are well established, in others, details about specific rules and compliance are
still being worked out. The second has to do with orientation and the expansive
definition this study takes of “regimes”. Not all regimes in this study are focused
on constraining or controlling behaviour. Some, such as the End Plastic Waste
Alliance are focused rather on exploring and investing in alternatives or capabilities
that reduce plastic and plastic waste.
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Plastic Waste Business National Nigeria Plastics ~ Sub-National Extended Producer
Partnerships and ~ Material Bans Material and Management Waste Responsibility
Alliances Material Import ~ Policy Management (Nigeria)

Bans Frameworks
Low Low Low Low Low Medium
Varies Varies Low Low Low-Medium Low-Medium

The third has to do with institutional development. Not all regimes surveyed
demonstrated evidence of rule implementation. This is particularly the case for
the Nigerian regimes included in this study. This is not especially insightful or
interesting as a finding, as the limits of the regulatory capacity of developing
countries have been a topic at least in scholarly and activist literature since the
1990s (Strange 1996; Braithwaite 2006; Bartley 2010; Jia et al. 2018).

However, this observation does help to shape questions about the potential role
that digitisation can play in terms of building institutional capabilities to improve
the overall function of a regime complex (or perhaps reduce its dysfunction).
For better or worse, the single most glaring issue in this study is the consistency
between international aspirations on plastics and those articulated in plastic-
related policies in Nigeria, which is contrasted by limited domestic regulatory
progress. This challenge is observed across every normative criterion more so than
any other regime that was included.

Are there ways that digital technology can substitute or complement state
regulatory capacity? The answer is not that easy. In areas like standard setting,
rules are context dependent, and knowledge of the institutional environment is as
important as technical standards. Online databases may help to improve knowledge
of detailed technical standards and their implementation, but there are rare cases
where regulation can simply be “plug and played”. There is evidence of this in
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the Nigerian case, as international standards have been integrated into federal and
state policy and legislative frameworks, but the outputs are very much different
than observed in other markets. This phenomenon is not unique to Nigeria, nor
to developing economies. Indeed, sociology of law and legal positivist approaches
make the relationship between legal structure and legal practice the primary
objective of their study, underlining there is no fixed relationship between rules
and their implementation.'

From an e-government perspective, digital technology could be leveraged to
improve the monitoring of plastic exports to Nigeria. This information is already
captured through the United Nations Comtrade Database (Babayemi et al. 2018);
however, consistent and standardised reporting requirements for exporting
countries that are laid out in a statutory international framework could strengthen
this further and help to build a better picture of long-term consumption and waste
management practices.

Digital technology could also be used to centralise and standardise data collection
on plastic waste and recovery. The assessment in this chapter illustrates that there
are multiple programmatic initiatives supporting waste management and recycling,
but very little is known in aggregate about collection and conversion rates or
pricing. One of the most promising technologies to emerge to address this issue is
blockchain because it enables transactions and decision-making to take place in a
decentralised way. From a governance perspective, there are substantial implications,
as blockchain is believed to be capable of replacing or complement contract-based or
relational governance systems (Keller et al. 2021; Lumineau et al. 2021), especially
where multiple contracts or transactions take place (Dasaklis et al. 2022). While
programmes making use of blockchain technology are fairly recent, such a tool
could be used to improve coordination among programme funders and greater
incentives for participants in the recycling industry to drive reporting standards.

Based on the assessment of this chapter however, the scenario where digital
technology replaces institutional capacity so that we enter an era of e-governance
appears to be a dream of a more distant future. The most obvious uses of digital
technology to improve the normative dimensions of the regime complex for plastics
are related to improving information exchange and reliability. These applications
would still need to be led and implemented by organisations participating in
this complex. The application of digital technology to enhance rule quality and
specificity is also more limited as are the uses of technology to enhance rule
compliance. Thus, while digital technologies offer tremendous hope in terms of
addressing coordination challenges through improved information flows, we are
not yet at a stage where e-governance is feasible.

Note

1 See, for example, Braithwaite, John, and Peter Drahos. Global Business Regulation.
Cambridge University Press, 2000; Piore, Michael J. “Beyond Markets: Sociology,
street-level bureaucracy, and the management of the public sector.” Regulation &
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Governance 5.1 (2011): 145-164. Berman, Mitchell N. “How Practices Make Principles,
and How Principles Make Rules.” U of Penn Law School, Public Law Research Paper 22~
03 (2022).
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FROM POLYMERS TO MICROPLASTICS

Plastic value chains in Africa

Patrick Schroder and Muyiwa Oyinlola

1 Introduction

According to the World Bank, plastic waste accounted for 12% of all municipal
solid waste globally in 2016. East Asia and the Pacific accounted for 57 million
tonnes of the total 242 tonnes of plastic waste, Europe and Central Asia accounted
for 45 million tonnes, and North America accounted for 35 million tonnes.
Only 17 million tonnes of plastic waste were generated in Africa (Kaza et al.,
2018). The total worldwide production of plastics in 2020 amounted to some
367 million metric tonnes (Statista, 2022). Even though sub-Saharan Africa
currently accounts for the lowest proportion of plastic waste globally (Ayeleru
et al., 2020), growing population, changes in consumption and lifestyle trends as
well as increased urbanisation are expected to increase the plastic waste generated
in Africa. Furthermore, the ability to provide low-cost hygienic packaging
implies that its use will increase as various sectors such as food and beverage grow
(Narancic and O’Connor, 2019). Consequently, it is anticipated that Africa will be
significantly impacted by the global waste crisis. This is because the use of plastics as
packaging materials, which represents over a third of plastics produced, will result
in consumer behaviours changing to a “throw-away culture”. In other words,
consumers will move from reusable to single-use containers that are disposed
within a short timeframe, thereby increasing the contribution to municipal solid
waste (Jambeck et al., 2015). In fact, the continent is anticipated to experience
almost 200% increase in waste generated by 2050, with much of this being plastic
(Kaza et al., 2018). This is likely to pose significant environmental and health
challenges if not managed properly. Lebreton and Andrady (2019) predicted that
the amount of mismanaged plastic in Africa will be disproportionately high unless
significant investments in waste management infrastructure are made.
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Consequently, several studies have highlighted the need to stop leakage of
plastic materials into the environment across the entire plastic value chain, not just
at the end-of-life stage. Geyer et al. (2017) note that an important consideration
in Africa should be the control of the entire value chain as plastics enter the
ecosystem from various entry points, and Ayeleru et al. (2020) highlighted the
need for more academic studies to focus on mitigating plastic leakage, particularly
in sub-Saharan Africa. The value chain is especially crucial for the end-of-life
stage because less than 5% of plastic waste in Africa gets recycled (UNEP, 2018),
with the remainder disposed of through unregulated landfills, open burning,
open dumping and dumping into water bodies. Furthermore, due to a lack of
robust waste management infrastructure, the majority of collection is done by the
informal sector, which consists of rubbish pickers who are insufficiently resourced
to satisfy the demand (Joshi et al., 2019).

This chapter therefore examines the plastic value chain in Africa, specifically
exploring the production, import, use and end-of-life stages. It further illustrates
how digital tools and technologies could help in minimising leakage as well as
improving material flow through the value chain. This is significant because
systemic solutions to the plastic pollution challenge are only possible if a life cycle
perspective is embraced.

2 Plastic value chains in Africa

Although the current data and information available on the plastic value chain in
Africa is limited, this section draws on the extant literature and online data resources
to give insights on the production, import, use and disposal of plastics in Africa.

2.1 Production

The production of plastics on the African continent is significantly lower compared
to other regions (Babayemi et al., 2019). The combined production of the top
eight producing countries was 15 Mt between 2009 and 2015 (Babayemi et al.,
2019). Africa together with the Middle East accounted for only 7% of the global
plastic material production in 2020, compared to China which accounted for 32%
and the North American Free Trade Area (NAFTA), the world’s second-largest
producer of plastics, accounting for 19% of worldwide output. Oil and liquefied
natural gas (LNG) are the primary plastic production feedstocks in Africa;
nevertheless, coal is a key feedstock in South Africa (Mofo, 2020). According to
Mofo (2020), a transition to more localised value chains and greater use of natural
gas feedstock will provide an opportunity to enhance value for national industries
while decreasing environmental consequences.

The top three producers of plastic resin in Africa are Egypt, South Africa and
Nigeria who were estimated to have, respectively, produced 2329 kt, 1410 kt, 513
kt of plastic in 2020 (Euromap, 2020). In these countries as well as others across the
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continent, the production of plastic packaging accounts for between 50% and 60%
of the total consumption (Euromap, 2020). This is fuelled by large multinational
companies who manufacture and sell fast-moving consumer goods across Africa
(Break Free From Plastic, 2019). The drinking water supply chain and sachet water
packaging are also significant contributors, with sachet water packaging being
one of the most significant aspects of plastic waste seen in Africa. This pollution
generated by the brands has contributed to other difficulties such as blocked city
drainage, mosquito breeding and localised flooding (Williams et al., 2019).

Similarly, the dominant processing method for plastic production is by
extrusion, accounting for above 50% of the processing in most countries. Other
methods such as injection moulding, expanded polystyrene (EPS) foam moulding,
polyethylene terephthalate (PET) preform and stretch blow moulding account
for much less (Euromap, 2020). Table 4.1 shows the number of companies that
manufacture plastic products. These are involved in the processing of new or spent
(i.e., recycled) plastic resins into a wide range of intermediate or finished plastic
products employing methods such as compression moulding, extrusion moulding,
injection moulding, blow moulding and casting. The majority of these businesses
are in Northern Africa, particularly Morocco and Algeria.

A report by the Sustainable Manufacturing and Environmental Pollution
Programme (SMEP), published by the Stockholm Environment Institute showed
plastics, although not the main polluting sector in African manufacturing, make a
significant contribution (SEI and UoY, 2020).

Data on production of plastic from biomass is limited, although Oyinlola et al.
(2022b) suggest that there are pockets of innovations across the continent which
have used biomass such as banana peels and seaweed to create plastic products. This
alternate approach will reduce the need for raw material extraction, as well as save
on the millions of tonnes of chemicals during monomer or polymer production.

TABLE 4.1 Plastic manufacturing companies in Africa

Country No. of companies
Morocco 2091
Algeria 5002
South Africa 422
Tunisia 850
Egypt 68
Nigeria 50
Ghana 26
Tanzania 22
Ivory Coast 23
Uganda 26
Ethiopia 15

(Source: D&B Hoovers, 2022)
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In recent times, plastic producers have been working to minimise leakage from
the value chain, for example, in a bid to address the end of life of the plastic value
chain, multinationals such as Nestle, Coca-Cola and Pepsi launched the “African
Plastics Recycling Alliance” in 2019 (Break Free From Plastic, 2019). This alliance
aims to improve the plastic recycling infrastructure across sub-Saharan Africa
(IISD, 2019). Another intervention that producers will use to prevent leakage in
the value chain is the extended producer responsibility (EPR) scheme where the
producers will be directly responsible for recovery of post-consumer waste.

2.2 Imports

In order to meet the expanding demands of a fast-growing middle-class economy,
the continent is also a big importer of plastic polymers and plastic items. According
to Babayemi et al. (2019), the 54 African countries imported an estimated 172 Mt
of polymers and plastics worth $285 billion between 1990 and 2017. In addition,
product components were imported, totalling an estimated 230 Mt of plastics.
Egypt (18.4%), Nigeria (16.9%) and South Africa (11.6%) were the top three
importing countries.

Figure 4.1 shows imports of plastic commodities to Africa (CircularEconomy.
Earth, 2022). It can be observed that the highest trade flows occur between China to
Kenya (7.1 kt), Japan to Nigeria (5.3 kt), China to Nigeria (4.4 kt), Thailand to Nigeria
(4.3 kt) and China to Angola (2.4 kt). The top importing African countries include
Nigeria (17.7 kt), Kenya (10.3 kt) and South Africa (10 kt), while the top exporters to
Africa include China (21.9 kt), Japan (7.2 kt) and the United States (5.5 kt).

The import of plastic waste onto the continent is another contributor to the
plastic value chain. This was aggravated in 2018 when China prohibited the
importation of many kinds of plastic waste. This action prompted countries such

FIGURE 4.1 Plastic waste imports to Africa in the year 2020
(Source: CircularEconomy. Earth, 2022)
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as the United States, the United Kingdom, Europe and Japan, which rely on
shipping plastic waste to China, to consider other places across the world, especially
African countries, as an alternate destination. As a result, plastic waste exports to
Africa quadrupled in 2019 compared to the previous year (Tabuchi et al., 2020).
Ethiopia, Ghana, Kenya, Senegal, South Africa, Tanzania and Uganda were
among the nations that received plastic waste from the United States, the majority
of which was abandoned or burned (Lerner, 2020).

In their investigation of global plastic waste trade networks, Pacini et al. (2021)
discovered that Africa is often underrepresented in international networks, which
appears to be attributable to lower plastic usage, informal trade and data reporting
difficulties. According to UN Comtrade data, African nations received 82.1 kt
of plastic waste and scrap imports in 2019, accounting for around 1% of global
plastic waste trade. This represents a very minor portion of total worldwide plastic
waste commerce; nonetheless, there was likely more plastic waste traded than was
officially recorded.

According to Interpol data, there has been an alarming surge in illegal plastic
pollution trade worldwide since 2018. To conceal the origin of the waste shipment,
plastic waste is typically redirected to Southeast Asia via various transit countries.
There is currently no evidence of criminal trends in plastic waste in Africa, such as
unlawful shipment of plastic waste. The analysis, however, suggested a considerable
number of unlawful e-waste trade channels, which might potentially be exploited
for illegal plastic trading. Some African countries are already receiving substantial
amounts of “soon-to-be waste” plastic material embedded in illegally imported
e-waste (INTERPOL, 2020).

2.3 Use

The use phase of plastics is responsible for a significant proportion of the leakage
from the value chain stemming mainly from households, open markets, formal
institutions, public and commercial areas and the manufacturing companies
(Kaseva and Mbuligwe, 2005). The United Nations (UN) reports that about 99%
are used for less than six months (Ayeleru et al., 2020). Babayemi et al. (2019)
suggested that the plastic consumption per capita in Africa stood at about 16 kg
per year in 2015 which is low compared to other regions. Plastic consumption
in sub-Saharan Africa is expected to be more than six times higher in 2060,
according to the Organisation for Economic Co-operation and Development
(OECD), due to significant economic and demographic growth (OECD, 2022).
The bulk of these usages can be attributed to fast-moving consumer goods and
packaging; however, there is a significant use in other sectors such as building and
construction, electrical and electronics, textiles, medical services and transport
(Narancic and O’Connor, 2019).

The affordability of plastics makes them a suitable candidate for alternate delivery
mechanisms in Africa, for example, in catering for the lack of water infrastructure
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across Africa, plastics have been used to make portable water available to various
socioeconomic levels such as low-cost low-density polyethylene (LDPE) sachet
packaging for low-income communities as well as PET plastic containers used in
corporate environments. Similarly, plastics have been used for hygienic transport
of food to prevent food losses and wastage.

The main driver of leakage with the use phase i1s the lack of adequate
collection and disposal infrastructure. For example, sparse disposal locations
lead to unsustainable practices such as street dumping and burning (Joshi et al.,
2019). Tighter control of the use phase is important especially to stem the use of
single-use plastics. A common strategy across the continent is the ban on plastic
bags which has been implemented by 36 African countries (Attafuah-Wadee and
Tilkanen, 2020). Furthermore, reuse business models can keep packaging in use
for more than one cycle. The packaging is either returned to the business or
retailer and can be refilled by the customer.

2.4 End of life

As previously said, plastic mismanagement at the end-of-life stage, i.e., when a
plastic product becomes waste, is one of the most difficult environmental concerns
and has created a hotspot in the plastic value chain (Oyinlola et al., 2022). Jambeck
et al. (2015) estimated that mismanaged plastics in Africa can be as high as 85%
although accurate data is not available. This low rate is as a result of a combination
of factors. Kolade et al. (2022) suggest that environmental concerns are usually not
a priority as most of the population are still struggling to meet the necessities of
life, such as food and shelter. Furthermore, it has been widely reported that plastic
recycling is not always economically viable, especially in Africa (Kreiger et al.,
2014; Santander et al., 2020) as the costs of virgin plastics are usually cheaper than
recycled plastics.

Another reason for this is the low number of recycling facilities and low
volumes of available recycled plastics. The number of registered plastic recycling
facilities in Africa is low. At the time of writing, there are only 89 materials
recovery facilities (MR Fs) and 68 recycling facilities based in Africa that are listed
in the ENF directory of recycling companies (ENF, 2022). The three countries
South Africa, Morocco and Nigeria together account for the largest shares (see
Table 4.2). Most countries do only have one or none officially registered MRF
and recycling facilities. Data on the capacity, annual processed volumes and types
of technologies used in the facilities is lacking.

Furthermore, centralised municipal waste management systems are weak or
non-existent across the continent. According to World Bank data, less than half
of Africa’s waste is collected formally, and systems for collection are usually non-
existent in rural regions (Kaza et al., 2018). A significant amount of collection
and recycling activities are semi-informal or informal which are unlikely to be
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TABLE 4.2 Materials recovery facilities (MR Fs) and recycling facilities based in Africa

Country No. of registered MR Fs No. of registered recycling
Sacilities
South Africa 49 20
Morocco 10 7
Nigeria 9 10
Ghana 4 7
Egypt 2 6
Tanzania 2 0
Tunisia 2 2
Mauritius 2 0
Namibia 2 0
Zimbabwe 1 3
Mozambique 1 1
Kenya 0 3
Algeria 1 3
Uganda 0 1
Ethiopia 0 1

(Source: ENF, 2022)

registered. These semi-formal recycling activities are characterised by suboptimal
equipment and technologies and are typically driven by the informal sector
(Oyinlola et al., 2022). Although this sector has many difficulties, the informal
waste pickers are extremely conversant with the local environment and are often
highly skilled at identifying and collecting valuable waste (Schroder et al., 2019).
It has been suggested that compared to the formal sector, the informal sector
can be more efficient in collecting and processing waste in the global south
(Alhanaqtah, 2018). Therefore, it is important to integrate the informal sector
in future developments of the waste sector (Wilson et al., 2006). In fact, without
inclusion of the informal sector and improving the working conditions, equipment
and operations, it will be difficult to achieve a circular plastic economy in Africa.

Over the past decade, several small-scale enterprises, most of which work
actively in cooperation with the informal sector, have sprung up in several African
countries. They are tackling the challenge by using plastic waste as an economic
resource (Oyinlola et al., 2022). These small- and medium-sized enterprise (SMEs)
have attracted growing support in the waste management value chain as it creates
opportunities for collaboration to support a social, economic and environmental
challenge. These organisations have increasingly received support from key
actors such as local and foreign governments, investors, donor organisations,
multinational companies, among others, as well as partnered with other actors in
the value chains, e.g., the collection and disposal sector and recyclers, to facilitate
sustainable waste management of plastics (Lane, 2018).
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3 Digital technologies for improving circularity across the
plastics value chain

Digital technologies have resulted in leapfrogging of several sectors in Africa such
as finance (Kingiri and Fu, 2019), oftf-grid renewable energy (Annunziata et al.,
2015), education (Oke and Fernandes, 2020) and agriculture (Syngenta, 2019).
There are opportunities for digital technologies to address the plastic leakage and
pollution issue (Jambeck et al., 2018). Scholars such as Chidepatil et al. (2020),
Kolade et al. (2022), Mdukaza et al. (2018) and Oyinlola et al. (2022) have shown
that with the right policies in place (Schroeder et al., 2023), digital technologies
such as mobile applications, geographical information system (GIS) and artificial
intelligence (AI) can play a significant role in a circular economy for plastics in
Africa (Kolade et al., 2022; Oyinlola et al., 2022) and bridge the circularity divide
between the global west and the global south (Barrie et al., 2022). This section
discusses the use of digital technologies to eliminate leakage in the African plastic
value chain.

The production phase is known to have many harmful substances; these can
be identified and phased out with the use of Al. Similarly, Al could be used for
optimising production which will result in a lower environmental footprint as well
as quality control. Also, with the EPR scheme becoming more relevant, producers
need to ensure traceability and accountability. Therefore, blockchain, which can
be used to develop a more transparent and accountable system, can be employed
to tag and track a product through its life cycle without fear of being altered. This
technology is especially important given the inadequate infrastructure for waste
management to track waste flows. Furthermore, the use of internet of things (IoT)
devices coupled with mobile technology could be used to tackle the lack of data
prevalent in the plastic value chain.

Opyinlola et al. (2022) highlighted that consumer behaviour is a major challenge
on the African continent. One of the unfortunate outcomes of this is that currently
numerous collectors are not able to get enough feedstock for recycling to be
profitable. Digital tools could be used to encourage environmentally friendly habits
through gamification (Hsu and Chen, 2021) via mobile apps. This could cover
areas such as creating awareness and tracking of individual use of plastics, providing
alternate to plastics, facilitating alternate delivery mechanisms instead of single use
and providing a platform for a sharing economy. These would serve as incentives
to drive a cultural and behavioural change as well as address issues such as level
of literacy, environmental awareness and digitisation acceptance. Augmented
reality/virtual reality (AR/VR) is another technology that could be leveraged for
awareness, sensitisation and training. Similarly, the use of 5G and IoT sensors could
support real-time communication between consumers and collectors.

Digital tools and technologies can be used to fill the gap of inadequate waste
collection and management infrastructure. Web and mobile applications have
been used to enhance the activities of the informal sector. For example, mobile
applications underpinned with GIS have been developed to optimise the route



From Polymers to Microplastics 71

*Al * Mobile * Mobile

* Blockchain . Al * AR/VR BEpoeal * AR/VR

e loT * Blockchain * loT * Faas

+ Mobile *5G « 3D Printing

Production
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of informal waste collectors as well as incentivising them through schemes such
as digital points that could be converted into mobile data credit. Mobile apps
can serve as an essential interface for different actors in the plastic value chain
to interact and communicate. The use of mobile apps across the continent is
supported by the fact that there has been a surge in the number of smartphones
over the past two decades (GSMA, 2020). AR/VR is another technology that
could be used for building capacity on best practices for collection and sorting. As
several SMEs embrace digitalisation, serverless computing or function as a service
(FaaS) is a tool that could be adopted to eliminate the cost of infrastructural
setup and deployment. Sorting is another task that can benefit from digitalisation,
for example, robotics coupled with AI could support automation of the sorting
process with minimal error from low-skilled workers.

Additive manufacturing, also known as three-dimensional (3D) printing, is
another technology that can prevent leakage from the value chain by promoting
upcycling of plastic waste (Oyinlola et al., 2023b). This technology allows plastic
waste to be used as a feedstock for producing complex parts in remote areas while
reducing the environmental footprint associated with traditional supply chain
logistics (Kreiger and Pearce, 2013; Zhong and Pearce, 2018). This technology
provides the opportunity to add significant value to the waste stream, thus
incentivising consumers (Adefila et al., 2020; Oyinlola et al., 2018).

Figure 4.2 summarises various digital technologies that can be used to prevent
leakage from the value chain.

4 Conclusion

There 1s a large discrepancy between the amount of plastic that is and will
be produced in Africa and the existing collection, recovery and recycling
infrastructure. Even though plastic production and use in Africa is currently low
compared to other regions, given the anticipated increase in plastic production
and consumption, it is important to focus on circular solutions to reduce current
and future impacts of plastics. Furthermore, much of the current collection and
recycling of plastic waste is carried out by the informal sector. Inclusion of the
informal sector and improving the working conditions, equipment and operations
will be an important element in achieving a circular plastic economy in Africa.
Digital solutions can play an important role in enabling new business models that
generate value from plastic waste.



72 Patrick Schroder and Muyiwa Oyinlola

Acknowledgement

This work was partly supported by the United Kingdom Research and
Innovation (UKRI) Global Challenges Research Fund (GCRF) under Grant
EP/T029846/1.

References

Adefila, A., Abuzeinab, A., Whitehead, T., Oyinlola, M., 2020. Bottle house: utilising
appreciative inquiry to develop a user acceptance model. Built Environ. Proj. Asset
Manag. 10, 567-583. https://doi.org/10.1108/BEPAM-08-2019-0072

Alhanaqtah, V., 2018. Integrating the Informal Sector for Improved Waste Management in
Rural Communities, pp. 208-224. IGI Global. https://doi.org/10.4018/978-1-5225-
7158-2.ch012

Annunziata, M., Bell, G., Buch, R, Patel, S., 2015. Powering the Future: Leading the Digital
Transformation of the Power Industry. Boston, MA: General Electric Company.

Attafuah-Wadee, K., Tilkanen, J., 2020. Policy approaches for accelerating the circular
economy in Africa [WWW Document|. Circ. Chatham House. https://circularecon
omy.earth/publications/accelerating-the-circular-economy-transition-in-africa-pol
icy-challenges-and-opportunities (accessed 12.12.20).

Ayeleru, O.0O., Dlova, S., Akinribide, OJ., Ntuli, F., Kupolati, W.K., Marina, P.F.,,
Blencowe, A., Olubambi, P.A., 2020. Challenges of plastic waste generation and
management in sub-Saharan Africa: A review. Waste Manag. 110, 24—42.

Babayemi, J.O., Nnorom, I.C., Osibanjo, O., Weber, R., 2019. Ensuring sustainability in
plastics use in Africa: consumption, waste generation, and projections. Environ. Sci. Eur.
31, 1-20.

Barrie, J., Anantharaman, M., Oyinlola, M., Schréder, P., 2022. The -circularity
divide: What is it? And how do we avoid it? Resour. Conserv. Recycl. 180, 106208.
https://doi.org/10.1016/].RESCONREC.2022.106208

Break Free From Plastic, 2019. BRANDED in search of the world’s top corporate plastic
polluters, Acesso em.15(11).

Chidepatil, A., Bindra, P., Kulkarni, D., Qazi, M., Kshirsagar, M., Sankaran, K., 2020.
From trash to cash: how blockchain and multi-sensor-driven artificial intelligence can
transform circular economy of plastic waste? Adm. Sci. 10, 23.

CircularEconomy.Earth, 2022. Trade | circulareconomy.earth | Chatham House
[WWW Document|. Chatham House Circ. Econ. Earth. https://circulareconomy.earth/
trade?year=2020&importer=sst&category=36&units=weight&autozoom=1 (accessed
10.29.22).

D&B Hoovers, 2022. Plastics Product Manufacturing Companies [WW W Document].
URL https://www.dnb.com/business-directory/industry-analysis.plastics_product_
manufacturing.html (accessed 11.16.22).

ENF, 2022. Plastic recycling plants in Africa — ENF recycling directory [WWW
Document|. www.enfrecycling.com/directory/plastic-plant/Africa (accessed 10.18.22).

Euromap, 2020. Plastics resin production and consumption in 63 countries worldwide.

Geyer, R., Jambeck, J.R., Law, K.L., 2017. Production, use, and fate of all plastics ever
made. Sci. Adv. 3, ¢1700782. https://doi.org/10.1126/sciadv.1700782

GSMA, 2020. The Mobile Economy. https://www.gsma.com/mobileeconomy/#
(Accessed 14 May 2021).


https://doi.org/10.1108/BEPAM-08-2019-0072
https://doi.org/10.4018/978-1-5225-7158-2.ch012
https://doi.org/10.4018/978-1-5225-7158-2.ch012
https://circulareconomy.earth
https://circulareconomy.earth
https://circulareconomy.earth
https://doi.org/10.1016/J.RESCONREC.2022.106208
https://circulareconomy.earth
https://circulareconomy.earth
https://www.dnb.com
https://www.dnb.com
http://www.enfrecycling.com
https://doi.org/10.1126/sciadv.1700782
https://www.gsma.com

From Polymers to Microplastics 73

Hsu, C.L., Chen, M.C., 2021. Advocating recycling and encouraging environmentally
friendly habits through gamification: An empirical investigation. Technol. Soc. 66,
101621. https://doi.org/10.1016/J. TECHSOC.2021.101621

IISD, 2019. Companies Launch African Plastics Recycling Alliance [WW W Document].
SDG Knowl. HUB. https://sdg.iisd.org/news/companies-launch-african-plastics-
recycling-alliance/ Accessed 14 May 2021)..

INTERPOL, 2020. INTERPOL report alerts to sharp rise in plastic waste crime [WW W
Document]. www.interpol.int/en/News-and-Events/News/2020/INTERPOL-rep
ort-alerts-to-sharp-rise-in-plastic-waste-crime (accessed 11.16.22).

Jambeck, J.R., Geyer, R., Wilcox, C., Siegler, T.R., Perryman, M., Andrady, A., Narayan,
R., Law, K.L., 2015. Plastic waste inputs from land into the ocean. Science (80-.). 347,
768-771.

Jambeck, J., Hardesty, B.D., Brooks, A.L., Friend, T., Teleki, K., Fabres, J., Beaudoin, Y.,
Bamba, A., Francis, J., Ribbink, A J., Baleta, T., Bouwman, H., Knox, J., Wilcox, C.,
2018. Challenges and emerging solutions to the land-based plastic waste issue in Africa.
Mar. Policy 96, 256-263. https://doi.org/10.1016/j.marpol.2017.10.041

Joshi, C., Seay, J., Banadda, N., 2019. A perspective on a locally managed decentralized
circular economy for waste plastic in developing countries. Environ. Prog. Sustain. Energy
38, 3-11.

Kaseva, M.E., Mbuligwe, S.E., 2005. Appraisal of solid waste collection following private
sector involvement in Dar es Salaam city, Tanzania. Habitat Int. 29, 353-366.

Kaza, S., Yao, L., Bhada-Tata, P., Van Woerden, F., 2018. What a Waste 2.0: A Global
Snapshot of Solid Waste Management to 2050. World Bank Publications.

Kingiri, A.N., Fu, X., 2019. Understanding the diftusion and adoption of digital finance
innovation in emerging economies: M-Pesa money mobile transfer service in Kenya.
Innov. Dev. https://doi.org/10.1080/2157930X.2019.1570695

Kolade, O., Odumuyiwa, V., Abolfathi, S., Schréder, P., Wakunuma, K., Akanmu, I.,
Whitehead, T., Tijani, B., Oyinlola, M., 2022. Technology acceptance and readiness of
stakeholders for transitioning to a circular plastic economy in Africa. Technol. Forecast.
Soc. Change 183, 121954. https://doi.org/10.1016/]. TECHFORE.2022.121954

Kreiger, M., Pearce, J.M., 2013. Environmental impacts of distributed manufacturing
from 3-D printing of polymer components and products. MRS Online Proc. Libr. 1492,
85-90. https://doi.org/10.1557/0pl.2013.319

Kreiger, M.A., Mulder, M.L., Glover, A.G., Pearce, J.M., 2014. Life cycle analysis of
distributed recycling of post-consumer high density polyethylene for 3-D printing
filament. J. Clean. Prod. 70, 90-96. https://doi.org/10.1016/] JCLEPRO.2014.02.009

Lane, W., 2018. Oceans of plastics: developing effective African policy responses. South
African Institute of International Affairs, 2018. www.jstor.org/stable/resrep29526

Lebreton, L., Andrady, A., 2019. Future scenarios of global plastic waste generation and
disposal. Palgrave Commun. 5, 6. https://doi.org/10.1057/s41599-018-0212-7

Lerner, S., 2020. Africa’s exploding plastic nightmare. Intercept 19. https://theintercept.
com/2020/04/19/africa-plastic-waste-kenya-ethiopia/ (Accessed 20 May 2021).

Mdukaza, S., Isong, B., Dladlu, N., Abu-Mahfouz, A.M., 2018. Analysis of IoT-Enabled
Solutions in Smart Waste Management, in: IECON 2018 — 44th Annual Conference
of the IEEE Industrial Electronics Society. pp. 4639—4644. https://doi.org/10.1109/
IECON.2018.8591236

Mofo, L., 2020. Future-proofing the plastics value chain in Southern Africa. WIDER
Working Paper.


https://doi.org/10.1016/J.TECHSOC.2021.101621
https://sdg.iisd.org
https://sdg.iisd.org
http://www.interpol.int
http://www.interpol.int
https://doi.org/10.1016/j.marpol.2017.10.041
https://doi.org/10.1080/2157930X.2019.1570695
https://doi.org/10.1016/J.TECHFORE.2022.121954
https://doi.org/10.1557/opl.2013.319
https://doi.org/10.1016/J.JCLEPRO.2014.02.009
http://www.jstor.org
https://doi.org/10.1057/s41599-018-0212-7
https://theintercept.com
https://theintercept.com
https://doi.org/10.1109/IECON.2018.8591236
https://doi.org/10.1109/IECON.2018.8591236

74 Patrick Schréder and Muyiwa Oyinlola

Narancic, T., O’Connor, K.E., 2019. Plastic waste as a global challenge: Are biodegradable
plastics the answer to the plastic waste problem? Microbiology 165, 129-137.

OECD, 2022. Plastics use projections to 2060, in: Global Plastics Outlook: Policy
Scenarios to 2060. OECD. https://doi.org/10.1787/AA1EDF33-EN

Oke, A., Fernandes, F.A.P., 2020. Innovations in teaching and learning: Exploring the
perceptions of the education sector on the 4th industrial revolution (4IR). J. Open
Innov. Technol. Mark. Complex. 6, 31. https://doi.org/10.3390/joitmc6020031

Opyinlola, M., Kolade, O., Schroder, P., Odumuyiwa, V., Rawn, B., Wakunuma, K.,
Sharifi, S., Lendelvo, S., Akanmu, 1., Mtonga, R., Tijani, B., Whitehead, T., Brighty,
G., Abolfathi, S., 2022. A socio-technical perspective on transitioning to a circular
plastic economy in Africa. SSRN Electron. J. https://doi.org/10.2139/ssrn.4332904

Opyinlola, M., Okoya, S.A., Whitehead, T., Evans, M., Lowe, A.S., 2023b. The potential
of converting plastic waste to 3D printed products in Sub-Saharan Africa. Resour.
Conserv. Recycl. Adv. 17, 200129. https://doi.org/10.1016/j.rcradv.2023.200129

Opyinlola, M., Schroder, P., Whitehead, T., Kolade, S., Wakunuma, K., Sharifi, S., Rawn,
B., Odumuyiwa, V., Lendelvo, S., Brighty, G., Tijani, B., Jaiyeola, T., Lindunda, L.,
Mtonga, R., Abolfathi, S., 2022. Digital innovations for transitioning to circular
plastic value chains in Africa. Africa ]. Manag. 8, 83—108. https://doi.org/10.1080/23322
373.2021.1999750

Opyinlola, M., Whitehead, T., Abuzeinab, A., Adefila, A., Akinola, Y., Anafi, F., Farukh,
F., Jegede, O., Kandan, K., Kim, B., Mosugu, E., 2018. Bottle house: A case study of
transdisciplinary research for tackling global challenges. Habitat Int. 79, 18-29. https://
doi.org/10.1016/j.habitatint.2018.07.007

Pacini, H., Shi, G., Sanches-Pereira, A., da Silva Filho, A.C., 2021. Network analysis of
international trade in plastic scrap. Sustain. Prod. Consum. 27, 203-216.

Santander, P., Cruz Sanchez, F.A., Boudaoud, H., Camargo, M., 2020. Closed loop supply
chain network for local and distributed plastic recycling for 3D printing: a MILP-based
optimization approach. Resour. Conserv. Recycl. 154, 104531. https://doi.org/10.1016/
J. RESCONREC.2019.104531

Schréder, P., Anantharaman, M., Anggraeni, K., Foxon, T.J., 2019. The Circular Economy
and the Global South. In P. Schréder, M. Anantharaman, K. Anggraeni, T.J. Foxon
(eds) The Circular Economy and the Global South. Routledge. https://doi.org/10.4324/
9780429434006

Schroeder, P., Oyinlola, M., Barrie, J., Bonmwa, F., Abolfathi, S., 2023. Making policy
work for Africa’s circular plastics economy. Resour. Conserv. Recycl. 190, 106868.
https://doi.org/10.1016/j.resconrec.2023.106868

SEI, UoY,2020. Manufacturingpollutioninsub-Saharan Africaand South Asia: Implications
for the environment, health and future work: Main report. UNCTAD.

Statista, 2022. Plastic materials production by world region 2020 | Statista [WWW
Document|. www.statista.com/statistics/281126/global-plastics-production-share-of-
various-countries-and-regions/ (accessed 11.16.22).

Syngenta, 2019. How can digital solutions help to feed a growing world?

Tabuchi, H., Corkery, M., Mureithi, C., 2020. Big oil is in trouble. its plan: flood Africa
with plastic. New York Times 30. https://www.nytimes.com/2020/08/30/climate/
oil-kenya-africa-plastics-trade.html

UNEDP, 2018. Africa Waste Management Outlook. Nairobi.

Wilson, D.C., Velis, C., Cheeseman, C., 2006. Role of informal sector recycling in
waste management in developing countries. Habitat Int. 30, 797-808. https://doi.org/
10.1016/j.habitatint.2005.09.005


https://doi.org/10.1787/AA1EDF33-EN
https://doi.org/10.3390/joitmc6020031
https://doi.org/10.1016/j.rcradv.2023.200129
https://doi.org/10.1080/23322373.2021.1999750
https://doi.org/10.1080/23322373.2021.1999750
https://doi.org/10.1016/j.habitatint.2018.07.007
https://doi.org/10.1016/j.habitatint.2018.07.007
https://doi.org/10.1016/J.RESCONREC.2019.104531
https://doi.org/10.1016/J.RESCONREC.2019.104531
https://doi.org/10.4324/9780429434006
https://doi.org/10.4324/9780429434006
https://doi.org/10.1016/j.resconrec.2023.106868
http://www.statista.com
http://www.statista.com
https://www.nytimes.com
https://www.nytimes.com
https://doi.org/10.1016/j.habitatint.2005.09.005
https://doi.org/10.1016/j.habitatint.2005.09.005

From Polymers to Microplastics 75

Williams, M., Gower, R., Green, J., Whitebread, E., Lenkiewicz, Z., Schroder,
P. 2019. No time to waste: Tackling the plastic pollution crisis before it’s too late.
Teddington: Tearfund.

Zhong, S., Pearce, J.M., 2018. Tightening the loop on the circular economy: Coupled
distributedrecyclingandmanufacturingwithrecyclebotandRepRap3-Dprinting. Resour.
Conserv. Recycl. 128, 48—58. https://doi.org/10.1016/J. RESCONREC.2017.09.023


https://doi.org/10.1016/J.RESCONREC.2017.09.023

S

DIGITAL INNOVATION ECOSYSTEM
FOR THE CIRCULAR PLASTIC
ECONOMY
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Silifat Abimbola Okoya

1 Introduction

The word “innovation’ has its origins from a Latin word “innovare” which means
renewal (Barthwal, 2007). Various definitions of innovation are available, and
innovation is multifaceted in nature (Alexander and Evgeniy, 2012). Innovation
has been identified as an ongoing process of evolving and applying new knowledge
and technologies to solve challenges and increase efficiency, affordability, reliability
and sustainability (Ciriello et al., 2018). Innovation also serves as an important
driver for economic growth and development in various facets of the economy
such as education, commerce, transportation and telecommunication (Oluwatobi
et al.,, 2015). Several countries have now placed innovation as a top priority on the
political agenda (Blenker et al., 2006; Gerba, 2012) as it is viewed as an essential
source of value creation (Fayolle, 2010) and leads to the development of a culture
that can influence values and economic development (Carvalho et al., 2015).

Over the past decade, there has been a serious and growing interest in using
digital transformation to scale some of the critical sectors of the economies
across the continent. The rapid development of technology which allows for
endless possibilities such as seamlessly connecting humans to humans, humans
to machines and/or machines to machines as well as the ability to process data at
an unprecedented scale has provided the ability to leapfrog development across
all sectors. There are several examples in the literature of how businesses and
nations have adopted technology to leapfrog development across the continent.
Therefore, even though Africa has always been slow to catch up on global
developments, the continent has experienced significant progress in the adoption
of digital technologies across several sectors.
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Digital transformation can be seen across a multitude of sectors such as finance
(Kingiri and Fu, 2019), energy (Annunziata et al., 2015), education (Oke and
Fernandes, 2020), water services (Amankwaa et al., 2021), agriculture (Syngenta,
2019) and the circular economy (Oyinlola et al., 2022b). The diffusion of
innovations is therefore essential to accelerate the transition to a circular plastic
economy (CPE) in Africa. This chapter provides insights into the dynamics that
shape the development of the digital innovation ecosystem for the CPE and the
role of local and international actors in this process.

2 Innovation System in Africa

As highlighted previously, technology is beginning to drive significant progress
across all sectors, but for that to happen, a strong innovation system is required. In
other words, innovation is accelerated through an ecosystem —a complex network
of interconnected actors who function either independently or collaboratively as
a whole, while sharing similar ideologies (Eggink, 2011; Pilinkiené and Maciulis,
2014). The partnership in an ecosystem expands limitations in knowledge beyond
one actor to allow for innovation with others (Adner, 2006). Innovation systems
help build capacity across nations and sectors, and the level of maturity of an
innovation system within a society drives the innovation outcomes and technical
efficiency across its economy and sectors. A national innovation system requires
a strong combination of organisations and institutions coming together to help
build the capacity and boost the ability for innovation to happen in any society.
Institutions such as universities, industrial partners, small-scale businesses, and
investors all have a significant role to play in the innovation system.

However, despite historically weak innovation systems across Africa, there
is an emerging innovation system that is driving significant value through
digital transformation and strengthening technical efficiencies across African
economies. This innovation system is defined by the shape and form in which
knowledge and information are shared in today’s connected world. This
ecosystem is driving innovation in many sectors across the continent and causing
the continent to leapfrog development across all the critical elements of what is
expected in a typical innovation system. This innovation ecosystem is powered
by two key things, firstly, the shape of knowledge and, secondly, technology
innovation hubs, which can be considered the backbone of the ecosystem. This
emerging innovation system in Africa differs from well-established economies
in the Global West, where innovation is centralised in universities, research
institutes and industries. This ecosystem has already resulted in several start-ups
contributing to development in Africa. Figure 5.1 shows some of the tech start-
ups in agriculture, public health and logistics. These organisations are supporting
the application of technology and creative ideas to solving problems that are
critical and peculiar to the African continent without having to invest in capital-
intensive infrastructure.
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FIGURE 5.1 Some technology start-ups across Africa

The emerging innovation system on the African continent has six unique
attributes, which differentiate it from traditional innovation systems. These are as
follows:

* Places emphasis on the role of social systems over individuals

* Enables and strengthens the formation of networks

* Independent of territorial construct

* Does not assume the existence of institutions and infrastructure

* Shapes institutions and inspires the formation of new institutions and practices
* Lowers barriers to membership and growth dynamics

These attributes show that a network approach is ideal for developing innovation
capacity in Africa. This implies that rather than waiting for the different critical
elements of the traditional innovation systems, a network approach could be
adopted to leapfrog the capacity to innovate to solve critical issues in society. This
emerging approach of distributed innovation systems means opportunities and
relationships can be unlocked through the application of networks. These networks
bring together different capacities which result in stimulating innovation.

The success of this network approach is driven by the fact that knowledge in
today’s world islocated in a web of relationships, unlike previously when knowledge
was concentrated and exclusive to places like unique academic institutions. The
rapid proliferation of information and knowledge implies innovation is now more
open and readily available. This is aided by the fact that being part of certain
networks opens access to vast resources, knowledge and modern technology.

This network approach on the African continent will result in strengthening the
innovation ecosystem, providing the opportunity and path to collective prosperity,
accessing knowledge that can leapfrog opportunities easily available and providing
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FIGURE 5.2 Tech hubs in Africa (Briter Bridges, 2019)

a mutually beneficial platform for relevant stakeholders. Furthermore, the network
approach would help to eliminate barriers to innovation while allowing members
to participate in new thinking. This thinking is likely to shape the way innovation
capacity 1s developed across the continent.

Several factors are catalysing the growth of the African digital innovation
ecosystem. Firstly, technology hubs, which are the backbone of this ecosystem,
have sprung up across the continent within the last decade (Atiase et al., 2020).
Briter Bridges (2019) reported that since the first hub, ithub, was founded in 2011,
the number of technology hubs across the continent increased rapidly to 618 in
2019, as shown in Figure 5.2. These hubs which are driving and encouraging
innovation have provided young people the opportunity to immerse themselves in
technologies that resultin innovations supporting development. The mushrooming
of these tech hubs, which offer space and technology support for budding digital
entrepreneurs, is empowering young Africans to be more creative and more
innovative in their use of digital innovations. According to GSMA (Giuliani and
Ajadi, 2019), the tech hubs offer support as incubators, accelerators, university-
based innovation hubs, maker spaces, technology parks and co-working spaces.
The tech hubs are instrumental in building digital innovation start-ups and a
robust digital ecosystem where entrepreneurs can learn from as well as share ideas
with like-minded innovators. Furthermore, tech hubs offer much-needed reliable
internet access and electricity (Giuliani and Ajadi, 2019).

Secondly, increased access to capital has played a significant role in the growth
of the ecosystem. Figure 5.3a shows that in 2022, while other world regions
experienced a year-on-year decrease of up to 66%, Africa experienced a year-on-
year growth of up to 171% (AVCA, 2022). Figure 5.3b shows that there has been
an exponential increase in the volume of venture capital deals in Africa over the
past 5 years, with 2022 predicted to have about 900 deals compared with 650 in
2021 and 319 in 2020. Figure 5.3¢ shows a similar exponential trend in the value
of investment in African start-ups. This was US$0.3 bn in 2017 and US$5.2 bn in
2021 with 2022 predicted to be US$7 bn.
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Thirdly, the African Union Commission recognised the potential of digital
innovations to create jobs, address poverty, reduce inequality and contribute
to the sustainable development goals. In response, the commission developed a
comprehensive digital transformation strategy for Africa, setting several specific
targets for 2030 (African Union, 2020). This enabling policy is targeting core
challenge areas in scaling up education and lack of infrastructure. Similarly,
different initiatives have been implemented across Africa to leverage digital
accessibility and affordability (DO4Africa, 2022). Entities such as schools,
institutions and non-governmental organisations (NGOs) are pushing hard to
break the digital divide in Africa and increase digital literacy in the population
for capacity building (DO4Africa, 2022). These enabling policies across the
continent are also catalysing the growth of the emerging innovation ecosystem.
Fourthly, Africa’s digital infrastructure has been rapidly evolving in recent times;
for example, Africa now has the fastest-growing internet penetration rate in the
world (Granguillhome Ochoa et al., 2022; GSMA, 2020), and the continent has
attracted significant investment in digital platforms such as the Google AI hub in
Ghana and Facebook hub in Kenya. Also, economic growth in sub-Saharan Africa
has been at a record pace with countries recording some of the fastest growth rates
globally over the past two decades (Fuje and Yao, 2022). This growth has in turn
contributed to the evolution of the digital innovation ecosystem. Other catalysts
include the proliferation of smartphones on the continent (GSMA, 2020) and a
young demographic profile, with almost 60% of the population under 25 (Statista,
2021). This bourgeoning youth population is deeply connected to knowledge and
is now building a significant foundation for innovation to thrive.

3 Innovation in Africa’s CPE

The sectoral systems of innovation framework (Malerba, 2002) was adopted to
examine the factors that affect innovation in the CPE. This framework ensures
that the mapping and diagnostic exercise takes all relevant stakeholders into
consideration and understands the dynamics of the interactions between different
groups of stakeholders and how effective linkages can be developed in the sector
to achieve expected outcomes. Malerba (2005) highlighted that sectoral systems
are based on the three building blocks discussed below.

3.1 Actors and Networks

Innovation within a sector is a process that involves systematic interactions among
a wide variety of actors for the generation and exchange of knowledge relevant
to innovation and its commercialisation (Dahesh et al., 2020). This interaction
is facilitated and accelerated by networks. Oyinlola et al. (2022) suggested that
actors in the circular plastic innovation ecosystem can be classified into the
following stakeholder groups: (1) digital innovation firms/start-ups, (2) civil
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society, (3) governments/policymakers, (4) waste management organisations,
(5) academia, (6) investors and (7) community.

An increasing number of actors are presenting as start-ups going out of their way
to create new ideas, approaches and interventions for plastic waste management
in Africa. These actors are creating social, economic and environmental value.
Some of these include Wecyclers, Capture Solutions, Mr. Green Africa, Pakam
and Yo-Waste. A comprehensive list of these start-up actors was presented by
Opyinlola et al. (2022b). Start-ups that employ technology are increasing in value
and volume as AVCA (2022) reported that Cleantech (companies that harness
or develop technology that secks to improve environmental sustainability or to
reduce the negative environmental impact of natural resources consumed through
human activities) “rose five places to become the second most active vertical
among technology or tech-enabled companies that successfully raised venture
capital in the first half of 2022” (AVCA, 2022). The African Private Equity and
Venture Capital Association (AVCA, 2022) predicts that investment in Cleantech
will continue to increase in volume and value as “impact investors motivated
to meet Africa’s sustainable development agenda back the growing number of
African entrepreneurs delivering innovative, effective, and sustainable solutions
to pressing socio-environmental challenges”.

On the other hand, there are several networks in place fostering interactions
between actors in Africa’s circular economy, examples of these include the African
Circular Economy Network (ACEN), Circular Economy Network, Marine
Plastic, Coastal Communities Protect Network and DITCh Plastic Network. More
networks are being formed across the continent to drive the circular plastic agenda.

Scholars have highlighted the need for stakeholder collaboration to
strengthen the innovation ecosystem. This is extremely vital as stakeholders of
the CPE primarily currently operate in silos (Oyinlola et al., 2022). It has been
reported that inadequate collaboration and coordination among different sets of
stakeholders pose a significant challenge to the progress of the circular economy
(Sarja et al., 2021). Multi-stakeholder synergy and collaboration, which can be
achieved through networks, can invigorate the ecosystem, support new ideas
and innovations and accelerate the diffusion of innovation across the continent.
These collaborative initiatives need to be strategic and inclusive and underpinned
by better communication and networking approaches. These networking and
collaboration opportunities will enable an omnidirectional, hete