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Abstract 

Global plastics waste is a growing issue of ever-increasing urgency.  Estimates suggest some 79 

per cent per cent of plastic waste is dumped into the environment, where it is likely to have 

devastating effects on ecosystems and human health.  Marine plastic pollution is a particularly 

challenging issue, as plastics take decades to break down, and do so into micro- and 

nanoparticles that affect marine ecosystems and the food web.  The plastics pollution problem is 

immensely magnified in the global South, where rising production and consumption coexist with 

underdeveloped waste treatment systems and large volumes of imported plastic waste. 

This article examines the reasons for the failure to curb plastic waste in sub-Saharan Africa and 

South Asia, target regions of the Sustainable Manufacturing and Environmental Pollution 

(SMEP) Programme funded to address such issues.  The article examines the challenges, 

uncovered by SMEP, in manufacturing processes and natural materials substitution for reducing 

plastics waste in the two regions.  It finds the need for greater external financial and technical 

support for waste treatment, stakeholder consensus and awareness-building, and regulatory 

policies that reduce the price and convenience differentials between plastics and substitute 

materials, and a push towards enforcement of environmental regulations. 

Introduction 

 Since their widespread introduction in the 1950s, plastics have revolutionized materials 

across sectors.  Derived from polymers based on petrochemicals, plastics offer a hydrophobic 

(“water resistant”) stable, sturdy, and lightweight material that can easily be molded into a wide 

variety of shapes and forms, and levels of firmness at a low cost.  Such properties allowed for 

major reductions in costs and improved functionality for a wide variety of products, from 

lightweight auto and electronics components to widespread use in construction, including as 

durable pipes. In addition to these applications in durable products, single use packaging 

applications of plastics have also been essential for the expansion of food and industrial food 

preparations trade, distribution and consumption over the last decades.  Single-use plastics 

(SUPs) are those that are not easily recycled, and thus create a burden for waste management.  

Ironically, the durability of plastics is at the core of the problem. Plastics are the primary material 

for packaging which is mostly dumped in landfills (Valavanidis 2016).  Plastic waste represents 

a growing global crisis.  With the coronavirus pandemic ensuing in 2020, the amount of plastics 

medical waste is bound to increase, posing additional environmental and health risks. 

Of the estimated 6.3 billion tons of plastic waste thus far produced around the world, only 

about 9 per cent has been recycled, 12 per cent has been incinerated, while the rest (79 per cent) 

has been dumped into the environment.  Plastic waste constitutes 80 per cent of all marine litter, 

and an estimated 4.8-12.7 million metric tons of plastics are released into the oceans each year.  

Globally, over 84 per cent of drinking water samples now contain microplastics.  Over 40 per 

cent of waste comes from products discarded after one year or less of use.  Large “macro-plastic” 

https://www.smepprogramme.org/s/procurement/plastics-c-004
https://www.smepprogramme.org/s/procurement/plastics-c-004
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waste such as the infamous islands floating in the Pacific Ocean can also expand the reach of 

pathogens, by acting as a new pathway for expansion of microorganisms.  Fossil-fuel based 

plastics may take thousands of years to degrade.  Once they gradually degrade, they may 

breakdown into microplastic components, including toxic chemicals that can be mutagens and 

carcinogens.  The effects of micro- and nano-plastics and chemical additives are yet poorly 

understood; however, they are expected to pose severe health hazards for marine ecosystems and 

the food web.  Annual costs of plastic pollution are estimated at $2.2 trillion, including $1500 

billion in ocean damage, $695 billion in greenhouse gases, and approximately $25 billion in land 

pollutants (Geyer et. al, 2017; Landrigan et al. 2020; The Lancet, 2017; Forrest et al. 2019; 

UNEP 2021a). 

To compound the problem, different types of plastic waste have different ramifications.  

Plastic waste varies from “macroplastics,” such as discarded synthetic clothing and consumer 

products to fishing nets to tire degradation.  Cosmetics or personal care products are another 

source of microbead plastic (UNEP 2018a, 15-16).  Microplastics and chemical additives to 

plastic, including effluents from wastewater treatment, can enter organisms through air as well as 

food and water ingestion, with potentially serious health effects.  These include 

neurodevelopmental, hormonal, respiratory, digestive, and reproductive effects (UNEP 2021a).  

Across the board, microplastics are expected to affect food systems in deleterious but 

unpredictable ways.  They could affect everything e.g., insect pollinators and through seeping 

into fruit (Sridharan et al. 2021). 

Plastics ending up in marine environments are a particular concern.  Much of it will sink 

to the ocean floor, with unknown effects, but particularly concerning is the lack of exposure to 

the sun and air which slows down degradation.  In fact, the “missing plastics problem” refers to 

the estimate that just 1 per cent of all dumped plastics remain on the surface; the presumption is 

that the rest sinks to the bottom.  It is not known how quickly they biodegrade, and their 

persistence can have direct and indirect effects on marine life and on the marine ecosystem’s 

function as a carbon pump (Beaugrand et al. 2010).  Direct effects include entanglement, such as 

in discarded fishing nets.  Many sea creatures also suffer ailments from plastics ingestion, with 

toxic effects.  The ailments enter the digestive system and transfer through the circulatory 

system, potentially leading to cellular breakdown and effects on reproductive capacity.  Humans 

and animals will then ingest microplastics when they eat seafood (Worm et al. 2017; GESAMP 

2015).  While the science around the health hazards of microplastics is nascent, preliminary 

studies suggest negative effects on digestive systems, inflammation, and enhanced absorption of 

toxic chemicals.  In marine life, plastic exposure has been shown to increase abnormalities, and 

negatively affect the cardiovascular system (Smith et al. 2018; Wu and Seebacher 2020).  There 

are clear signs of ecosystem effects around marine environments.  For example, significant traces 

of microplastics have been found among marine life and water birds in wetlands in South Africa 

(Reynolds and Ryan 2018; Naidoo et al. 2020; Rhodes 2019). 

The global challenges are daunting in that plastic waste tends to be dealt with only after it 

has been discarded.  Such an approach is failing miserably in the global South, where limited 

solid waste management capacities lead to its dissemination across natural environments and 
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urban locations.  South and Southeast Asia and Sub-Saharan Africa are regions of particular 

concern, with 80-90 per cent of waste being mismanaged (Jambeck et al. 2015).  This article 

discusses current and previous attempts to reduce plastic waste in South Asia (SA) and sub-

Saharan Africa (SSA), including plastic bag bans or levies, and why they have had limited 

effectiveness if not accompanied with other policies to enable reuse, substitution, recycling, and 

waste management.  A case study of the Sustainable Manufacturing and Environmental Pollution 

(SMEP) Programme, which is being funded by the Government of the United Kingdom for ₤24.6 

million and implemented from 2018-23 to explore ways to reduce plastic waste by focusing on 

the materials manufacturing stage in these two regions is also presented in this paper.  

Particularly, the mitigation approach used in the program examines the possibility of 

manufacturing processing changes, as well as the development of natural substitutes to plastics 

which would be non-toxic, bio-degradable and conducive to local productive capacity 

development, such as paper, cloth or materials derived from banana leaves. 

The SMEP case study finds some potential for creating substitutes from local materials, 

but also reveals major obstacles to practical viability, ranging from the energy costs and potential 

price effects on agricultural prices by producing such alternative goods, to their limited 

functionality for plastic product substitutions beyond e.g., bags, water bottles or sachets.  A 

combination of global investment and guidance in developing waste treatment facilities, policies 

that incentivize the use of substitutes as well as reflect the true costs of plastics, and stakeholder 

consensus-building, including local consumer awareness, are necessary steps to address the 

plastic waste issue. 

Scope of the plastics problem 

 Plastics are ubiquitous throughout the economy, given their capability to be molded into 

different shapes and features at low cost,  their unique material properties including 

lightweightness and hydrophobicity.  The bulk of plastics use is found in single use packaging. 

In 2015 alone, the world used 147 million tons of it - more than twice that of building and 

construction (65 million); textiles (59 million); consumer and institutional products (42 million), 

transportation (27 million), or electrical/electronic equipment (18 million) (Geyer et al. 2017).  A 

robust trade in plastic waste has historically taken place, with the West and South Koreas being 

the primary exporters, and countries in the South, particularly China and Viet Nam being the 

primary importers, though the latter are increasing their resistance to accepting waste, creating 

new dilemmas for plastic waste management (UNCTAD 2021). 

 Global production of plastics in the year 2017 was 348 million metric tons (Mt), which is 

equivalent to the total weight of the human population (The Pew Charitable Trusts and 

SYSTEMIQ 2020).  About 99.5 per cent of plastic currently comes from petroleum-based 

sources (UNEP 2018a, 28).  Of this amount, about half is used for packaging and disposable 

products – yet, 40 per cent of this waste is not managed.  Thus, an estimated 4.8-12.7 Mt 

becomes microplastic waste entering bodies of water (Worm et al. 2017).  To compound the 

problem, plastics production has been rapidly increasing at an estimated annual rate of 9 per cent 

globally (UNEP 2018a, 6), creating alarm at the long-term effects of so much waste.  Table 1 

highlights the global contributions to plastic waste. 
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Table 1 Global contributions to plastic waste generation 

Region or Country Global Share of Plastic Waste 

China 28.0% 

North America 18.5% 

Europe 18.5% 

Rest of Asia 17.0% 

Africa 7.3% 

South America 4.4% 

Japan 4.3% 

Sources: Worm et al. 2017; GESAMP 2015; Meijer et al. 2021; UNEP 2018a 

While the amounts of plastic waste produced are much higher in the West, the amount of 

mismanaged pollution is considerably higher in the global South.  For example, while 98 per 

cent of the United States’ waste stream is managed, only 12 per cent is in India.  Countries in 

South and Southeast Asia account for the largest amounts of plastic emissions into the ocean, 

including the Philippines, India, Malaysia, China, and Indonesia in rank.  Asia released an 

estimated 52 Mt in 2015, while the estimate for Africa is 17 Mt.  The former has 65 per cent 

mismanagement rate, while the estimate for Africa is an astounding 88.5 per cent (Lebreton and 

Andrady 2019). 

The challenge of material substitutes 

The lure of finding material that is biodegradable, and locally-sourced offers the 

possibility of creating a circular economy approach to packaging and other plastic applications.  

It might also add in local economic activity and employment.  However, finding readily usable 

substitutes for plastics is not easy.  Paper straws, for example, deteriorate rapidly, and creating 

bamboo straws, while reusable, would be more expensive (Schnurr et al. 2018).  Similarly, paper 

and cloth bags are more expensive and require 40 per cent more energy to produce.  Beyond this, 

of course, is the issue that paper bags are still generally single use.  Reusable cloth bags are also 

less sanitary due to re-use (Schnurr et al. 2018).  Therefore, government intervention towards 

R&D is vitally needed to develop better substitutes, and investigate ways to breakdown plastics, 

such as the use of bacteria capable of digesting it, or safe ways to convert plastics into fuel such 

as through pyrolysis, or for reuse in construction materials, including roads, the subject of 

current experiments (Neo et al. 2021). 

The development of substitute organically based bioplastics is not without its challenges.  

Bioplastics make up less than one percent of the estimated 360 million tons of plastics produced 

every year.  In 2019, production was only 2.11 tons, however, interest and production are 

growing fast.  Zeng and Suh (2019) find that organic feedstock bioplastics have a lower GhG 

footprint to manufacture, especially if renewable energy is used in the process.  Sugarcane 

feedstocks have even less of a footprint than corn-based ones.  Nonetheless, massive increases in 

bioplastics production could put pressure on land use depending on the renewable feedstock 

utilized and the agricultural practices used to produce it.  Moreover, bioplastics are at present 

generally more expensive to manufacture due to the low cost of petro-based feedstocks which do 

not recognize their negative impact on the environment.  This, in turn, reflects the direct and 
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indirect subsidies for the fossil fuel industries and the lack of proper accounting for the 

externalities they create.  Finally, some biomaterials may not have the same properties as petro-

chemical-based plastics, creating barriers to entry.  For example, in some applications, some 

bioplastics  show less strength and durability, particularly in high temperature situations, hence 

they are not suitable for some current plastics applications, such as fishing nets or durable 

vessels.  Depending on the feedstock used and the production technology, scaling up production 

of bioplastics may present technical challenges, such as the need for consistent feedstock 

composition nor do bioplastics reduce the upstream and downstream issues related to plastics 

production and waste.  For example, if they require conventional sources of energy for 

manufacture, they can still add to greenhouse gases.  Serious recycling challenges hold for 

bioplastics as well.  For example, only certain types of bioplastics be recycled when mixed with 

petro-chemical-based plastics.  The degradability of many bioplastics is limited, and, as with 

petro-based plastics, requires a necessary waste infrastructure.  Like petro-based plastics, 

bioplastics also often contain additives, such as stabilizers, antioxidants, and antimicrobial agents 

which can hinder biodegradability. Negative effects from some degraded bioplastics on marine 

life have been reported, albeit at a lower level than petro-plastics (Mazhandu et al. 2020).  

Furthermore, while some consumers are interested in finding environmentally-friendly plastic 

substitutes, they are not able to distinguish between bioplastics that efficiently degrade and those 

that do not.  There are also concerns over the long-run about whether ramping up the 

manufacture of bioplastics would increase food prices; for now, the prices of petrol-based plastic 

are too low to warrant major increases in production (Vanapalli et al. 2021; Folino et al. 2020; 

Filiciotto and Rothenberg 2021; UNEP 2021a).. 

Policy and Regulatory Tools for Plastic Waste Reduction- Simple in Theory 

A number of general approaches to solid waste that apply to plastic waste serve as a 

starting point.  Deme et al. (2022) provide four categories of options for improving the 

sustainable use of plastics.  The first one is “price-based” option, which refer to both research 

and development (R&D) to reduce the prices of substitutes and improve their qualities, as well as 

introduction of taxes and regulations to increase the costs of plastics.  The second category is the 

“rights-based” option, which focuses on extended producer responsibility that would include 

providing pathways for plastics waste disposal.  The third one is the “regulation-based” option, 

which would include bans and/or mandatory recycling.  Finally, the “behavioral approach” 

option, involves providing information and nudging social values to encourage greater consumer 

and producer awareness that could lead to better choices.  According to Lau et al. (2020), if all 

the possible reduction pathways are followed, including reducing consumption, increasing reuse, 

waste collection and recycling, and accelerating innovation and design in plastics and plastic 

products production - an estimated 78 per cent of overall waste can be reduced. 

There are also ready to use plastic pollution technologies that could reduce an estimated 

90 per cent of marine pollution.  These range from stormwater and wastewater filters that catch 

debris through filters to remove microplastics.  Simple alternatives such as using laundry balls 

can capture microfibers before they enter the wastewater stream.  For larger waste such as those 

in the oceans or rivers, large-scale booms, drones and robots as well as boats and vessels can 



6 
 

capture the waste.  However, funding such operations as well as establishing responsibility in the 

high seas are serious obstacles (Schmaltz et al. 2020). The latter also has the limitation of being 

construed as a post-fact approach.  

 Increasing concerns about plastic waste have led to a growing number of trade 

restrictions, ranging from government procurement favoring green options to bans and 

quantitative restrictions on imports (UNCTAD 2020).  Tudor and Williams (2021) examine the 

wide range of domestic regulatory actions that have been taken to reduce plastics use.  These 

range from the negative: e.g., outright bans, fines or charges, to the positive (incentives), e.g., 

container deposit schemes, water refill stations, and free or low-cost paper or cloth bags or coffee 

cup substitutes.  While the authors do not compare effectiveness, they do note the lack of 

regulatory harmonization across countries, though most regulations are recent.  Regulations are 

likely to be impeded by the lobbying power of large food and beverage, agricultural, plastics, and 

petrochemical companies.  A seemingly simple option is to ban single use plastics, including 

plastic bags, straws, and cutlery, as has been done by Canada in 2019, such regulations also exist 

in Costa Rica, Taiwan, Belize, India, and in the United States (California and Florida).  

Likewise, the Netherlands, Australia, Italy, S. Korea, New Zealand, the UK, the United States 

and Canada also banned microbead plastics, which are used in personal care products, cleaning 

products, printer toners, industrial abrasives, and medical applications.  Strict regulations 

banning use have so far not been extended beyond personal care productions (Schnurr et al. 

2018; Watkins et al. 2019.).  Notwithstanding, these have so far been ineffective in the South. 

Lee (2021) suggests a circular economy approach towards improving plastics recycling 

and proper disposal.  The system would first create extended producer responsibility (EPR) for 

plastics manufacturers and industrial users, and then create a credit system whereby they would 

purchase disposed plastics from collectors in exchange for the ability to continue to use plastics.  

India, for example, passed EPR laws in 2016.1  In theory, EPR should allow for dedicated 

consistent funding to waste management activities.  EPR can be assessed in proportion to 

producer responsibility.  However, EPR often faces implementation and effectiveness 

challenges.  These include a lack of subsidies or other financial support to promote recycling, 

such as increasing landfill charges and waiving taxes for recyclers.  Moreover, EPR is often 

designed at the national level, but must be implemented at the local level, by municipal actors.  

EPR regulations are also often too general, allowing manufacturers ample loopholes to avoid 

effective responsibility (GSMA 2021, 20).  EPR has yet to achieve critical mass in most of the 

South. 

While generally positive in nature, plastic policies may not be uniformly positive such as 

the possibility for a reverse or “rebound effect”  whereby increased recycling or environment-

friendly waste options spur on greater production and consumption (Karasik et al. 2020; 

Martinho et al. 2017). 

The deeper challenges of shifting business and society in support of plastics policies 

 
1 See https://cpcb.nic.in/rules-4/, Accessed Feb. 23, 2022. 

https://cpcb.nic.in/rules-4/
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 Clearly, business and policymakers need to work together to find solutions if policy and 

regulatory action is to be effective.  Yet, developing new business models is equally fraught.  

The seemingly straightforward solution is to reduce the use of plastics, particularly wasteful 

practices such as multilayer packaging and single use plastics, but this requires rethinking both 

production processes and consumer norms.  Success with this approach will require new 

solutions for the problems currently being addressed by plastics, e.g., protection from food 

spoilage.  For example, Becerril-Arreola and Bucklin point out that a 20 per cent shift in PET 

bottles from smaller to larger size ones would reduce 10,000 tons of plastic waste in the United 

States alone. 

There are three primary challenges to recycling, all of which suggest active policies and 

stakeholder support are needed.  The first is the economic challenge, as the costs of using virgin 

materials is generally cheaper than recycling, including the costs of collecting, sorting and 

cleaning plastic waste.  Recycling of basic products such as personal protective (medical) 

equipment (PPE), among many other products is seriously challenged by the use of multiple 

types of plastics, which are labor-intensive to separate.  This points also to the lack of clear 

signals to consumers about how to manage the different types of plastics waste, and which types 

of plastics can be recycled together.  A step forward would therefore be to create single (“mono-

material”) or a very limited set of polymer plastic products, to ease reuse or recycle.  “Closed 

loop” recycling occurs when the same product, such as a bottle, is used for the same purpose.  

An equally important one is contamination of plastics from organic waste, which reduces the 

scope for closed loop recycling.  Most plastic occurs through “open-loop” recycling, whereby an 

attempt is made to breakdown plastics into the basic polymers and then made into new products.  

Breaking polymers down further into monomers through chemical recycling has so far proven to 

be too expensive, and is water- and energy-intenstive, and thus so far does not occur at scale.  

Such processes are more expensive than original manufacture in the absence of accompanying 

supportive policies such as mandatory separation of materials and supporting recycling waste 

infrastructure.  The disposal of PPE and other medical waste related to the coronavirus poses an 

additional hazard as pathogens can linger on plastic surfaces for days (Vanapalli et al. 2021).  In 

fact, plastics can usually only be recycled once or twice before the polymers degrade.  

Incineration, meanwhile, creates toxic fumes if not properly treated, including greenhouse gases, 

though in theory it can be used for steam generation, through co-processing or refuse-derived 

fuel (Mazhandu et al. 2020; Bucknall 2020).  Gradus et al. (2017) argue that incineration is 

significantly cheaper than recycling, considering the costs of separation, cleaning, and re-

formation of plastic waste, if it’s used to generate energy.  However, it requires large capital 

investments into waste to energy facilities, including emissions controls, which act as barriers to 

implementation in developing countries. 

Another avenue of research points to the possibility for re-use of plastic waste.  For 

example, hard plastics have been shown to be useful in concrete composites, though in limited 

proportions to avoid losing tensile strength (Mohammadhosseini 2021).  There are also 

experiments in “upcycling” or repurposing plastic waste for other uses, such as playground 

equipment or backpacks.  Yet, such examples are few and far between, indicating that there is 

not a “natural” business case for a re-use industry without more significant policy interventions.  
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Moreover, such initiatives create a paradoxical position of promoting businesses that need plastic 

waste. 

 Other authors such as Roy et al. (2021) argue that behavioral change has to be at the heart 

of any shift in plastics consumption.  Their argument leans towards consumer pressure on 

businesses to provide alternatives and to reduce waste, which would also lead to consumer 

acceptance of higher priced materials.  Behavioral change is much more challenging than the 

current policy interventions presupposed.  Multi-layer packaging provides benefits for food 

safety and is an important part of marketing, particularly around food, and as such - businesses 

may be reluctant to reduce its use.  Using alternative more re-useable materials such as metals 

may be a harder sell to consumers as well as such materials do not share the same advantageous 

properties of plastics, such as being cheap, lightweight, and easily moldable. Furthermore, not 

every consumer shares the same values towards sustainability, and many may be reluctant in 

practice to trade off price for sustainability even if they state otherwise (Boz et al. 2020).  

Consumers are easily misled or mistaken on eco-labels (for proof of sustainability) that are 

unregulated.  So far, our knowledge of which types of sustainability practices or labels are 

noticed by consumers, and which would warrant an extra expense is limited.  Similarly, it would 

be quite difficult for a reasonable consumer to compare the relative sustainability of one 

product/package versus another.  Consumers are also unable to see the direct results of 

sustainability actions on a case-by-case basis, thus undermining the value of collective action.  

Moreover, consumption decisions are highly complex, tied to a number of factors.  Consumption 

is also tied to perceptions of status and symbolic of urban/modern lifestyles (Boz et al. 2020). 

There are a few examples of successful behavioral change, if concerted action by 

motivated social actors over long periods of time takes hold.  Walther et al. (2021) describe 

substantial progress in Taiwan, including business acceptance of bans and other measures to 

reduce plastics, as a result of two decades of steady efforts by local environmental NGOs and 

scientists to raise public awareness through presenting scientific facts about the costs of pollution 

in palpable form; public activities, such as cleanup campaigns; and forging personal ties and 

links with government and business officials.  All of these together helped to shift stakeholders 

towards more circular economy values. 

Additional Challenges for Plastics Management in Africa and South Asia 

Introduction 

If we only examined policy action, the two regions of interest, SSA and SA, have been at the 

forefront of the introduction of regulatory and fiscal policies for the management of plastics with 

direct implications for local production of plastics.  Much of the action has centered on plastic 

bag bans, so we focus our review on an evaluation of those efforts.  Previous studies have 

suggested that the anti-plastic bag push has flowed from the Global South to the Global North 

(Clapp and Swanston 2009; Behuria 2019).  This is also consistent with the fact that most of the 

countries that have instituted plastic bag bans are in the Global South (Behuria 2019; 

Barrowclough and Vivas Eugui 2021). Africa, according to the UNEP (2018b), has the most 

countries with regulatory restrictions on plastics manufacturing and consumption - in a recent 
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study, 36 African countries were found to have introduced plastic ban regulations (Attafuah-

Wadee and Tilkanen 2020).  Likewise, in Asia, many countries have introduced similar 

regulations, including levies (UNEP 2018b).  In SA, Pakistan, Bangladesh, India and Bhutan 

have banned plastic bags (UNEP 2018b). 

In practice, policy and regulatory initiatives so far have been largely ineffective.  The 

challenges faced by nations in the Global South regarding the implementation of plastic ban 

policies, according to literature (Attafuah-Wadee and Tilkanen 2020; Karasik et al. 2020), can be 

summarized as: 

• Policy framework and enforcement challenges 

• Unfavourable market for alternatives to plastic products 

• Opposition from plastics producers and the broader manufacturing sector; and 

• Consumer behaviour, coupled with weak government engagement with stakeholders - 

target groups can sometimes be seen as passive objects of policy. 

Africa 

 Plastics are deeply integrated into African economies.  The informal economy uses it to 

package smaller retail products that are at affordable price points and quantities for consumers.  

We still need to develop smaller reusable packaging for such markets.  Moreover, it is essential 

to transport fresh drinking water, given the frequent lack of water infrastructure.  However, there 

is a dire lack of waste infrastructure, meaning that plastic waste is accumulating at increasing 

rates in the region.  Plastic waste has been linked to livestock deaths and has clear effects on 

marine ecosystems in the region (Adam et al. 2020).  African studies suggest wide-ranging 

effects of plastics pollution on ecosystem services.  In marine environments, plastics affect entire 

food chains including from zooplankton and mollusks to fish and aquatic birds.  Microplastics 

have been found to reduce the ability of animals to digest food, blockage of windpipes, and 

damage of gastrointestinal tracks, among other effects.  They may also absorb chemicals that are 

carcinogenic (Adkindele and Alimba 2021). 

Regarding policies, Deme et al. (2022) and others note serious challenges in microplastic 

management in Africa (see also Babayemi et al. 2019; Adam et al. 2020).  Even though most of 

the countries on the continent have taken steps, such as banning single use plastics for bags, they 

note, first of all, that banning has no effect as it is not accepted by consumers or businesses.  

Secondly, there is a lack of coordination between the public and private sector.  There has been 

little time, for example, between introducing the ban and announcing its implementation.  Third, 

there is a lack of price and other regulatory shaping of incentives that would lead to changes in 

waste disposal; simply put plastics remain cheaper and more convenient. 

Behuria (2019) argues that African states are motivated towards plastic bags bans in good 

part to maintain a good image among Western tourists.  However, the lack of enforcement of 

plastic bans and lack of support for recycling means that local substitute materials companies 

have a hard time competing, as paper and cloth bags are more costly to produce.  Thus, 
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governments’ prevarication can be explained by the confluence of competing pressures among 

different sectors, from tourism and external advocates on the one hand to local plastics and, more 

prominently, food and beverage producers on the other.  There is not enough local popular 

support for regulation to enforce such bans in any sustained manner. 

In more recent work, Behuria (2021) summarizes three factors to consider regarding 

policy actions, focusing on why some African nations ban plastic bags while others do not, 

namely: the power of tourist sectors, the government, and plastics and plastics user industries.  In 

Rwanda, a ban is effective, while in Kenya and Uganda it is not.  The author explains that the 

business power of plastics industries is the starting place, including whether there is a tourism 

industry, which is a big consumer of plastic bags.  In Kenya, manufacturing industries wielded 

much greater power to initially hold off the ban.  However, the Kenyan government’s concern 

about its environmental image related to tourism led it to push through the ban over such 

opposition in 2018.  In Uganda, the prominence of the petrol industry helps to explain its failure 

to implement such a ban.  Chitotombe (2014) reinforces this analysis by noting that in 

Zimbabwe, the plastic bag levy has been ineffective, as it lacks popular support and ignores the 

pressing needs of the informal sector.  The levy placed on bags, even if enforced, is too low to 

make a difference, and smuggling of bags in from neighboring Mozambique is rife (Chototombe 

2014).  

Public authorities in SSA also face stiff opposition from industrial stakeholders that either 

prevent the introduction or stifle the implementation of intervention policies for plastics. Due to 

the high demand for employment in the developing world, plastics manufacturers are able to 

wield their structural power in opposition to plastic ban policies. This has been the case in 

Southern and East Africa where plastic manufacturers and their industry associations have 

argued against plastic ban policies, highlighting job losses, business closures, loss of export 

revenue, and higher operational costs for other local manufacturers (Chitotombe 2014; Pensulo 

2019; Behuria 2021). Through these arguments, manufacturers associations in Kenya and 

Uganda have created serious resistance.  In Kenya, policy initiatives have encountered similar 

headwinds.  In 2004, the Ministry of Health began an investigation of plastic bag options, which 

are used in rural areas for defecating given the lack of sanitation.  Parliament then passed a 

motion to replace plastic with sisal bags.  A 2005 UNEP report highlighted the negative effects 

of plastic bags on livestock, as disease vectors, and for clogging drainage systems.  This led to 

the banning of plastic bags up to 0.03 mm in thickness in 2007, extended to 0.06 mm in 2011.  In 

2017, plastic bags were banned in Kenya and by the East African Legislative Assembly for the 

region.  However, the Kenyan Association of Manufacturers argued that enforcement would lead 

to 70,000 job losses and severe financial distress for numerous firms.  Industry successfully 

lobbied against government efforts in 2018 to ban all single use plastics.  Thus, norm diffusion 

and enforcement remain truncated in the region (Shipton and Dauvergne 2021). 

A further obstacle is that manufacturers of plastic bag alternatives such as local paper bag 

producers have not received significant support, in the form of either subsidies or financing from 

the Rwandan government, as the country has not developed a strategic industrial policy in 

support of the plastic ban (Behuria 2021).  Similarly, in Kenya, insufficient industrial focus has 



11 
 

weakened the ability of manufacturers of plastic bag alternatives to meet market demand 

(Behuria 2021).  The lack of strong policy and financial support for manufacturers of alternatives 

created a climate for the illegal smuggling of plastic products from neighboring countries 

(Attafuah-Wadee and Tilkanen 2020; Behuria 2021).  On top of this is the lack of financial 

resources, particularly in the wake of the covid pandemic. 

Kombiok et al. (2021) emphasize behavioral obstacles on top of the lack of basic waste 

infrastructure and collection services.  In their study of Tamale, Ghana households, they find 63 

per cent of households disposed of plastic unsafely and suggest that underlying factors were both 

wealth and education.  Along with regulatory enforcement and provision of substitutes, they see 

public education as a key part of any solution set.  From the perspective of norm diffusion, one 

can see a clear link between policies, best practices and consumer education.  Furthermore, even 

as Rwanda banned plastic bags, there was little consultation with stakeholders, and no 

improvement in the availability of recycling technologies or substitute materials.  As a result, 

people have been smuggling in plastic bags from neighboring countries  (UNEP 2018b, 49-51).  

In South Africa, the government instituted a charge for plastic bags in 2003, which led in the 

short-term decrease in usage.  However, the charge for bags was dropped after three months due 

to push back from plastic bag manufacturers.  Similar behavioral challenges are found by Stoler 

et al. (2015) in Ghana.  They report that even when piped water was provided to urban slum 

individuals, they tended to prefer to continue purchasing packaged “sachet” water.  In contrast to 

the effects of such charges in the E.U., the South African shift had differential effects on the 

population.  Among all retail clients, usage declined after the initial charge and then rebounded 

after the reduction in charges, which was accompanied by lower prices for plastic bags.  Thus, 

though overall usage is down, it appears consumers are willing to pay the extra fees rather than 

use substitutes such as cloth bags, at least at the level of the charges set (Dikgang 2012). Irobegu 

et al. (2020 summarize the problems in South Africa, which might apply more widely as the 

following: (i)  there are systemic corruption and political patronage systems which undermine 

regulation, (ii)  there is a lack of environmental values across the population (iii) there are few 

well-functioning systems around waste management, including waste treatment and recycling.  

Thus, the authors call for an approach that twins new policies with a mass education campaign to 

shift values. 

While there are some additional initiatives to ban or reduce the use of SUPs, such as 

plastic cups and cutlery, there so far is little formal evaluation of their effectiveness.  The broader 

picture is alarming.  As Deme et al. (2022) state, “most African countries do not have clear 

plastic waste management frameworks to protect environmental and human health while 

simultaneously addressing socio-economic problems”.  They note that wastewater treatment 

plants are likely the most important source of micro-plastics, since most African countries lack 

adequate facilities.  Some 34 countries have banned single-used plastics and more than 16 have 

banned the use plastic bags.  Yet, plastic producers have continued as before.  There is minimal 

effort to sorting and recycling, with estimates reaching about 10 per cent of all plastic waste.  

Simply put, there is not much of a recycling industry for plastics in the continent.  Thus, most 

waste is disposed of through landfills, burning or dumping into waterways.  The authors suggest 

a lack of stakeholder consultation is a serious obstacle.  On top of this, there is little positive 
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effort to engage circular economy actors who might find other uses for plastics or for 

investigating and promoting substitutes. 

South Asia 

Dauvergne (2018) notes that Asia is the greatest region of concern regarding plastic 

waste.  First, plastic production is booming in the region.  China accounted for 28 per cent of 

polyurethane and thermoplastics production in 2015.  The rest of Asia accounted for another 22 

per cent of global production.  Asia furthermore accounts for an estimated 60 per cent of global 

marine plastic pollution.  Second, until recently Asia, and particularly China, have been the 

largest importers of plastic waste.  Finally, there are severely limited waste collection facilities. 

The Bay of Bengal bounded by India (north/northwest) and Bangladesh (north) is one of 

the areas of greatest concentrations of plastics pollution.  The Ganges delta is estimated to 

contribute over 3 million tons of plastic waste per year.  After the Yangtze, the Ganges is 

estimated to be the second most polluted river in the world.  India and Bangladesh both passed 

regulations banning the use of plastic bags in 2002.  However, there is no binding agreement on 

marine pollution between the two countries.  Moreover, some consider that certain level of 

corruption, grey practices and lack of enforcement impede the effective application of existing 

domestic regulations (Raha et al. 2021) 

Pakistan produces an estimated 1.32 million tons of plastic annually.  While there are 

6,000 producers, most plastic is made from imported primary materials.  One half of plastic 

waste is untreated.  An estimated one third of the waste enters the Arabian Sea via the Indus.  

Nearly 6 per cent of all solid waste is plastic, and most is openly dumped, often near bodies of 

water.  As is the case throughout the region, an army of informal pickers handles most of the 

waste.  Plastic blockage of drains has led to repeated flooding of major cities such as Karachi and 

Lahore.  As a result, in 2019, Pakistan banned plastic bags, however, there has been resistance 

from both businesses and consumers, rendering it ineffective (Ifran et al. 2020; Ali et al. 2021; 

Umer and Abid 2017). 

India produced approximately 17 million tons of plastic waste in 2019, of which 85 per 

cent was mismanaged.  Plastic consumption has grown 20-fold in the last 30 years.  Packaging 

accounts for 50 per cent of usage, as compared to just 40 per cent of in Europe, indicating a 

degree of wastefulness.  Much of the plastic waste goes to municipal solid waste, 90 per cent of 

which is mismanaged and openly dumped.  Prime Minister Modi’s Clean India (Swachh 

Baharat) campaign, initiated in 2014, has created a new agenda around the environment.  In 

2019, India banned plastic waste imports.  In June 2020, India introduced an extended producer 

responsibility framework for plastic management.  There are about 100 formal and 10,000 

informal plastic recycling centers in the country, with formal employment estimates of 100,000.  

Formal recyclers mechanically sort and recycle bulk plastic waste, much of it collected by an 

estimated 1 million “ragpickers’ who informally handle waste, including plastic.  Some plastic 

waste is mixed with bitumen and used in laying out roads.  There are only five waste to energy 

plants in the entire country, limiting the possibilities for useful incineration.  The new rule builds 

upon a regulatory code developed primarily from 2011, which state pollution control boards 
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were authorized to enforce plastics waste provisions, including recycling labels and the 

promotion of the use of plastic in road construction.  The rules further specified that plastic bags 

were not to be given at stores free of charge.  In 2016, the Government issued the Plastic Waste 

Management Rules, which included the phasing out of single use plastics within two years, 

however, this covered only single use polythene bags of less than 50 microns.  It also included 

EPR but did not clearly specify which stage of producer held responsibility.  As a result, only 45 

companies had registered EPR plans by 2018.  Beyond these legal issues is the dearth of waste, 

recycling, reuse, and waste to energy facilities.  Nonetheless, some of the large MNC beverage 

companies have moved to reduce plastic waste.  The new 2020 EPR law sets fees at the producer 

levels based on production amounts that feed into a central fund for supporting plastic waste 

management.2  The new law also offers credits for companies which recycle an equivalent 

amount of plastic waste, regardless of the source.  The law is the culmination of a public pressure 

campaign based on growing public awareness of the plastic waste problem.  In 2021, the 

Environment Ministry issued a notice that most SUPS, including polystyrene and expanded 

polystyrene commodities, as well as extending to polythene bags under 120 microns, would be 

banned as of July 1, 2022.  However, the new approach largely ignores the informal sector 

(Dhanshyam and Srivastava 2021; Pani and Pathak 2021; Neo et al. 2021; Roy 2021). 

In Bangladesh, environmental activists began to raise concerns around plastics pollution 

in the 1990s, leading to the 1995 Bangladesh Environmental Conservation Act, which allowed 

the government to restrict the manufacture and sale of plastic bags.  However, there was limited 

enforcement amidst effective resistance by industry groups until 1998.  In that year, major 

flooding led to awareness that plastic bags were clogging drainage systems; decreasing 

agricultural yields; and acting as vectors for disease transmission, based on a Ministry of 

Environment-commissioned study.  Public campaigns continued until 2020 when the High Court 

ruled that the government could ban single use plastics in response to a writ petition by 

environmental coalitions (Shipton and Dauvergne 2021).  Nonetheless, the plastic bag ban is not 

enforced, due in part to a lack of cheap alternatives (UNEP 2018b, 55). 

We have seen through our review that two major regions in the South, SA and SSA, share 

common issues when it comes to plastic waste.  While both have adopted legal and other formal 

measures against plastic bags, the practical results have been limited.  The limitations can be 

traced to insufficient (or unenforced) penalties for continuing use of plastics, inadequate support 

for substitutes, lack of enforcement, and a lack of consultation with and support from industry 

and consumers for such measures. 

The SMEP Approach to Plastics Pollution Mitigation in the South 

 The SMEP Programme included a project specifically focused on plastics waste 

mitigation.  According to the SMEP main report (SMEP 2020, 19, 26, 46, 52), rubber and plastic 

products are the fourth largest industry by number of employees in sub-Saharan Africa, however, 

food and beverages, with their ample use of plastic packaging, is the largest in terms of number 

of establishments, employees, and value added.  In South Asia, textiles, apparel, food and 

 
2 See https://cpcb.nic.in/rules-4/ for current Indian laws. 

https://cpcb.nic.in/rules-4/
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beverages - all heavy users of plastics are the top three industries in terms of number of 

establishments, value added, and exports, and top four in terms of number of employees.  Yet, 

there is a dearth of information across the two regions about plastic waste in manufacturing in 

that, most statistics in the two regions only refer to municipal solid waste.  The baseline report 

highlights the lack of safety protocols within the largely informal recycling efforts, including 

chipping and melting of plastics in poorly ventilated areas.  The report offers a map of the areas 

for intervention in the projects, which is reproduced in Figure 1. 

Figure 1: Scope of SMEP Interventions in the Plastics Supply Chain 

 

Source: 

 In order to fill these gaps, SMEP commissioned a study of potential substitutes for single 

use plastics (SUPs) in Bangladesh, Kenya and Nigeria (SMEP, forthcoming, 13-15, 20).  The 

report begins by noting that less than 10 per cent of plastic is recycled in Africa, and only 5 per 

cent in South Asia, comparable to the figures from the literature noted above.  Some 13 per cent 

of municipal solid waste in SSA is from plastic.  Similarly, the South Asian rivers the Indus, 

Meghna, Brahmaputra, and Ganges together account for 19 per cent of global marine plastic 

pollution.  Within SSA, Nigeria and South Africa account for the largest amounts of plastic 

imports, estimated at 39 million tons (Mt) and 27 Mt in 2017, respectively.  These two countries 

also are the only places with significant domestic production, with the top eight countries across 

Africa producing 15 Mt of primary plastics cumulatively from 2009-15.  South Asia, by contrast, 

produces 17-20 Mts annually, though it remains a net importer, except for India.  Still, 

Bangladeshi producers have recently begun importing primary plastic materials and exporting 

small amounts of single use products. 
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 The report furthermore notes that food and beverage packaging are the leading sources of 

pollution in both regions, with large proportions of the population relying upon plastic water 

sachets and bottles for drinking water.  In Nigeria, there are over 1,500 sachet water factories in 

Lagos alone, and 60 million sachets are consumed daily in the country.   There are not 

comprehensive data, but a Bangladesh study from 2019 found that 95 per cent of SUPs in waste 

dumps were from food and personal care packages, of which 35 per cent were non-recyclable 

water sachets.  In fact, per capita consumption of SUPs increased from 2.07 kg in 2005 to 3.5 kg 

in 2014, particularly in bottled water, creating at least 3,000 tons of plastic waste per day, about 

8 per cent of total waste in Bangladesh.  The same study found that restaurants, airlines and high-

end residential hotels were the largest sources of SUP pollution.  In another study of African 

beach waste, plastic grocery bags, bottles, and food wrappers were the most frequently collected 

plastic waste items (SMEP forthcoming, 12-17).  Yet, almost all the recycling across the two 

regions takes place through informal systems, leading to both hazardous and inadequate handling 

of waste, with much of it, particularly outside the large cities, ending in open dumps.  South 

Africa is the only country in SSA with a PET bottle to bottle recycling plant (20). 

 Policy responses described in the report thus far have had limited effectiveness, as noted 

in the literature review previously mentioned. Bangladesh introduced a plastic bag ban, but there 

are still an estimated 14 million bags used in Dhaka daily.  By contrast, Kenya has enforced fines 

to both companies and individuals attempting to circumvent its plastic bag ban, and 80 per cent 

of the population is now estimated to have stopped using them.  However, attempts to ban SUP 

bottles was met with resistance by local industry, which instead introduced an industry-funded 

collection and recycling scheme.  Since there are few collection points, the policy has had 

limited success.  Nigeria also banned plastic bags through the Plastics Bag Prohibition Bill 2018, 

however, the law is not well-enforced, and its lack of exception for water sachets makes it 

impractical (18-19). 

 Thus, the SMEP project (forthcoming, 38-46) explored the possibility for substitute 

materials for SUPs.  They concentrated on materials that were locally available and with which 

local entrepreneurs already showed the capability of creating substitute products.  Any potential 

candidates also needed to be locally compostable, without special treatment facilities.  The study 

focused on four main product categories that contribute the most to plastic waste: grocery bags, 

plastic take-out containers for food and beverages, plastic plates, cutlery, straws, and plastic 

bottles for water and other beverages.  A wide array of potential feedstocks was tested out for 

these purposes including plant-based fibers such as (i) jute, cotton, bamboo, wood, paper, and 

banana leaf, (ii) clay, (iii) glass and aluminum; and (iv) stainless steel.  The environmental 

viability of the materials was tested out using a life cycle analysis.  Regarding greenhouse gas 

emissions for production, reusable plastics performed better.  However, considering the costs of 

land and water pollution, SUPs were far worse. 

 While the report emphasizes the importance of adjusting any LCA (life cycle analysis) to 

the local context, for example to include local substitute materials costs and availability, some 

general conclusions were offered regarding different potential alternative feedstocks.  Paper bags 

or straws have the lowest footprint, followed by corn and jute.  However, paper decomposition 
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can create significant emissions and water eutrophication and therefore treatment strategies are 

urgently needed.  Plant-based alternatives, such as plantain leaf and wheat, tend to use more 

water in their production than paper, though there are exceptions, such as Nigeria, where wheat 

straws were optimal, or Bangladesh, where jute bags are also attractive.  In this sense, the report 

recommends looking into whether agricultural waste may provide alternative feedstocks.  In 

terms of bottles, the report concludes that glass or aluminum should be used, as there are no 

suitable bio-based alternatives. This point more generally highlights the challenges for making 

alternatives to SUPs attractive to consumers.  This would include the prices increases that the 

report estimates could be significant in the shift away from plastics.  In Bangladesh, for example, 

paper bags would cost an estimated three times as much as plastic ones, and straws four times as 

much.  Aside from plant-based materials being more expensive than paper, it would also be more 

challenging to scale up such operations.  One exception might be bamboo which can be made 

into straws relatively cheaply.  On the other hand, while glass and aluminum beverage containers 

can be made for recycling, the conclusion from the report is that there appear to be no viable 

options for replacing sachets that can match their price and convenience.  In sum, while there are 

some promising substitute materials, they all cost more than plastic for consumers, and thus 

policy interventions are required.  The upside is that, since most plastic is imported, substitutions 

could also have a beneficial effect on the balance of trade and local production and employment - 

they might even provide export potential in some instances (SMEP forthcoming, 50-88). 

Table 2 Comparison of Plastics and Substitutes’ Export Values for SMEP Countries  

(20183) 

Regions SMEP 

Countries 

Plastics 

exports4  

(US$) 

JACKS & 

agricultural by-

products 

exports5 

(US$) 

Non-JACKS & 

agricultural by-

products 

exports6 

(US$) 

 Sub-Saharan 

Africa 

Democratic 

Republic of the 

Congo 

541,900 548,037 2,588,236 

Ethiopia 2,126,403 2,009,508 94,583 

Ghana 29,336,699 3,586,928 128,555,042 

Kenya 39,852,219 31,936,060 37,340,670 

Nigeria 70,948,208 4,389,426 94,715,468 

Rwanda 1,902,398 55,166 1,931,641 

Senegal 16,682,401 12,607,748 14,598,872 

Uganda 12,010,399 13,091,846 9,526,632 

 
3 Data is sourced from the UN Comtrade Database. Due to the absence of trade data reporting, the Bangladesh 

export values are based on 2015 trade data whereas the Nepal export values are based on 2015 trade data. 
4 Comprises exports of plastic resin (PE, PP, Polyacetals (including PET), PVC, PS, and Plastic Scrap) and plastic 

products (Food and Single Use Containers, Straws, Cutlery, Liquid Containers, and Grocery Bags and Other Bags). 
5 Comprises Feedstock and Products originating from Natural Fibers from Dedicated Crops and Agricultural By-

Products. 
6 Comprises Materials and Products originating from Paper, Glass and Aluminium. 
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United Republic 

of Tanzania 

109,461,091 5,330,914 13,405,062 

Zambia 5,536,267 48,927,041 2,999,973 

South Asia Bangladesh 60,020,702 221,961,633 25,716,869 

Nepal 4,868,083 26,379,264 1,750,567 

Pakistan 249,449,748 64,918,584 38,341,592 

Source: UN Comtrade Database 

Final Thoughts 

 Undermining the plethora of policy initiatives including bans on SUPs across the two 

regions is the reality of lax enforcement.  Enforcement in turn, reflects a lack of social consensus 

around the measures and a problem of externalities, with weak regulations and enforcement 

negatively affecting neighboring countries.  Global and regional efforts to regulate non-

recyclable plastics and packaging, harmonize regulations and reduce plastic waste trade, such as 

through the African Continental Free Trade Area (AfCFTA), are promising, but still in early 

stages, and subject to the same issues.  

Arguably, the most important practical impact of the AfCFTA in the near future will be 

the reduction of tariff lines on under current market access negotiations. It is expected that 90 per 

cent of all tariff lines will be liberalized in a linear form over a period of five years after final 

agreement on market access. Sensitive Products shall not exceed 7 per cent of total tariff lines 

subject to negotiation and tariff dismantling starts on the 6th year. For AfCFTA negotiators, it 

will be important to clearly include plastics substitutes under the first segment of liberalization, 

so they do not become even more expensive vis-a-vis plastics products.  

Additionally, there are many calls for a global plastics treaty which might gain traction in 

the future.  These can be matched with creating import duties on plastic feedstocks, reducing 

barriers to trade for plastic substitutes, and engaging in green public procurement.  Similarly, 

reducing or phasing out fossil fuel subsidies, which effectively undermine the competitiveness of 

substitute products, in the recently launched and circulated Ministerial Statement by 18 WTO 

Members7 would be an important piece to send the right signals to the market.  However, the 

power of existing petrochemical/plastics and plastic-using industries and the resistance of 

consumers in many cases have hindered the implementation of well-meant regulatory reform. 

Looking forward, serious efforts around data and information, including R&D and 

monitoring indicators are needed to develop a more robust life cycle-based data and labeling 

system  that reflects the possibilities for recycling, reuse, and degradability for waste to buyers.  

Such a system would be foundational for the increasingly adopted idea of extended producer 

responsibility.  GSMA (2021, 27-30) notes that digital tools can play a role in such an 

information system, such as allowing citizens to report waste “hotspots,” mobile payments to 

facilitate recycling, and using satellite images to find waste dumps.  Beyond lowering costs, 

ramping up substitutes would require serious investments in both expanding feedstock 

 
7 See: Ministerial statement on fossil fuel subsidies (2021). WT/MIN(21)/9/Rev. See: 

https://docs.wto.org/dol2fe/Pages/SS/directdoc.aspx?filename=q:/WT/MIN21/9R1.pdf&Open=True   
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cultivation and setting up alternative production systems that are less energy intensive.  In 

particular, how to develop feedstock systems from agro-waste, the most sustainable material as 

suggested by SMEP, is not well understood.  On top of this are serious challenges due to lack of 

waste infrastructure and know-how throughout the South.  In this sense, regulatory initiatives 

tend to focus on the front end of production but neglect end of life management (i.e., cleaning up 

existing waste).  Foreign assistance can be most effective in the immediate term in supporting the 

creation of viable waste management systems, including the significant investments needed for 

new infrastructure, particularly wastewater management (SMEP forthcoming, 108, 130, 134-40).  

Above all, SMEP signals the need for continuing efforts to shift values among global and 

societal actors towards a new consensus for action to render effective the many policy darts 

thrown at the plastic waste problem. 
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Potential Journals: Marine Policy, Journal of Cleaner Production; Sustainability, Energy 

Research & Social Science; Waste Management 
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