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Global production and consumption of plastics have increased significantly in recent years. The environmental 
impacts associated with this trend have received growing attention internationally with single-use plastic 
packaging responsible for most plastic pollution. Locally, the SA Plastics Pact, the Industry Master Plan, and 
the National Waste Management Strategy all aim to transform the current linear sector model into a circular 
system by setting targets for increased collection and recycling rates and recycled content. However, the 
associated impacts of implementing such circular interventions have not yet been assessed across the 
plastics life cycle. Industrial ecology tools, material flow analysis and life cycle assessment, are used to 
generate mass-based indicators as well as indicators of climate damage in the form of the global warming 
potential. The carbon footprint of the South African plastics value chain from cradle to grave was estimated 
at 17.9 Mt CO2eq emissions in 2018, with 52% of these due to the local coal-based monomer production 
process. The end-of-life stage lacks proper waste collection for a third of the population, but contributes only 
2% to the total greenhouse gas emissions, with recycling having a minimal environmental impact. Future 
projections of plastics production, use, disposal, and recycling for 2025 show that increasing mechanical 
recycling rates to achieve stated targets would start to have a significant effect on virgin polymer demand 
(in the order of several billion rands of sales annually) but would also reduce waste disposal by 28% relative 
to baseline growth and 18% below values calculated for 2018. 

Significance:
•	 Despite increased attention, the flows and resulting life cycle-based carbon footprint of the plastics 

sector have not been evaluated on a local scale. 

•	 The carbon footprint of the South African plastics industry is sizeable at almost 18 Mt CO2eq per annum 
with emissions strongly associated with the linear rather than the circular stages of the value chain.

•	 The impacts of a key circular economy intervention, namely increased recycling rates to achieve set 
targets include demand reduction for virgin polymer to the tune of several billion rands. 

Introduction
Plastics play a crucial role in modern-day existence due to their unique properties of chemical resistance, durability, 
and low cost. As a result, plastic production globally has increased rapidly by 4% between 2010 and 2015.1 

However, historical and current levels of consumption and disposal have led to several environmental concerns. 
Approximately 4-8% of the world’s oil and gas production is used as fossil fuel feedstock for plastics production, 
contributing to global greenhouse gas emissions.2 Additionally, poor waste management of short-lived plastics, 
which are typically discarded or disposed of in landfills within a year of manufacture, has contributed to plastic 
pollution in the natural environment. 

There have been various solutions proposed to tackle the issues associated with the plastics life cycle. The circular 
economy concept is described as ‘an industrial economy that is restorative or regenerative by intention and 
design’ which aims to replace the ‘end-of-life’ concept with restoration for the elimination of waste.3 Aligned to the 
principles of the circular economy is the ‘New Plastics Economy’ which aims to deliver improved environmental 
and economic systems by dissociating from fossil-based input materials, reducing plastic leakage into the 
ecosphere, and creating an effective after-use plastics economy.4 In line with this vision, The SA Plastics Pact has 
undertaken to transform the country’s packaging sector by 2025, setting targets centred around the concepts of 
material reuse, recycling, and recovery.5 The recently published extended producer responsibility (EPR) regulations 
also seek to set reuse, collection, and recycling targets as well as a mandatory percentage of recyclate content 
for various plastic products.6 The aim of these two initiatives is to foster more closed-loop ad-hoc recycling 
applications which will translate into better recyclate quality to substitute virgin material.

Literature
The plastics industry in South Africa
The South African plastics industry is responsible for the conversion of over 1.8 million tons annually of both locally 
produced and imported polymer as well as recyclate.7 In terms of end-of-life management, there is a large disparity 
in the provision of formal waste management services with just under 32% of South African households lacking 
access to basic refuse removal services.8 Although recent plastic recycling surveys report high input recycling 
rates of over 40% for all plastics9, only a small fraction of recyclate is a suitable substitute for virgin polymer9. 
The majority of recyclate currently produced is used in open-loop recycling, i.e. it is employed in lower value 
markets (bottles to pipes, bags, etc.) as opposed to closed-loop recycling (bottle-to-bottle). This is highlighted by 
the fact that there is only a single bottle-to-bottle recycling company operating in South Africa.10 Furthermore, a 
fragmented waste management system leads to the disposal of a large proportion of post-consumer material into 
illegal dumps and unlicensed landfill sites which increases the potential of plastic leakage into the environment. 
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As the 32nd highest producer of plastics globally11, the South African 
plastics industry forms one of the key segments of the local chemicals 
manufacturing sector. The production of monomers, namely ethylene and 
propylene, are by-products of the coal-to-liquids process employed by 
Sasol.12 This process is recognised as a major emitter of carbon dioxide 
and plans are being developed to address this concern. In particular, the 
company’s latest climate change report indicates their target of a 30% 
reduction of scope 1 and 2 emissions by 2030 with a view to achieving 
net-zero greenhouse gas (GHG) emissions by 2050.13

Industrial ecology tools
As waste management strategies evolve from disposal to recovery and 
reuse, indicators based on suitable tools are required to measure and 
monitor progress. Material flow analysis (MFA) – a tool used in resource 
and waste management – is defined as a systematic assessment of the 
flows and stocks of material within a system defined in space and time.14 
As a material accounting tool, it is used to compare inputs, accumulation, 
and outputs of a process on various levels. On the other hand, life cycle 
assessment (LCA) is an analytical assessment tool used to determine 
the potential environmental impact of a product or process through its 
life cycle.15 The guidelines dictate that the assessment consists of four 
phases: (1) goal and scope definition, (2) inventory analysis, (3) impact 
assessment, and (4) interpretation. Both methods of assessment can be 
combined in systems analysis as MFA can be considered a technique to 
obtain data required for the life cycle inventory. 

There have been numerous MFAs conducted for plastics, on local and 
national scales, for countries in Asia and Europe. In Austria, consumption 
increased by 15% within a 10-year period16 while the growth in India 
was projected to increase by a factor of six between 2000 and 203017. 
Recently, Babayemi et al.18 presented the first continental analysis of 
mass importation and consumption of polymers and plastics products in 
Africa, with the assessment highlighting a strong link between GDP and 
plastic consumption. In the case of South Africa, plastic MFAs have been 
commissioned by the Department of Environmental Affairs to determine 
issues plaguing the plastics sector as well as to provide guidance 
regarding policies to support sound end-of-life management.19 Another 
joint research project has been published in which a local inventory 
of plastic flows was used to identify plastic pollution and leakage 
hotspots.20 In both cases, the scope of the investigation differs, which 
results in a variation in the estimated quantities of waste generated and 
disposed of. The former included indirect plastic imports in their input 
flows which required knowledge of the plastic content of the product 
and the associated weight of primary and secondary plastic packaging. 
In terms of scope, the latter considered the use and leakage of plastics in 
sectors such as textiles, automotive, and electrical and electronics. Both 
studies highlighted the fact that there was a degree of uncertainty with 
respect to the estimation of certain flows due to data availability.

To minimise environmental impacts caused by plastic waste, LCAs have 
been conducted for national waste management systems. Results of 
Spanish and Austrian case studies indicate that mechanical recycling was 
the most favourable waste management option compared to disposal 
in landfills and incineration.21,22 On a global scale, Zheng and Suh23 
evaluated projected life cycle GHG emissions for conventional and bio-
based plastics. It was found that a combination of strategies (introducing 
renewable energy, increasing recycling, and curbing demand) could 
reduce future emissions. In Africa, LCA-based research is limited, with 
few studies focusing on the quantification of plastic-related impacts. In 
their ranking of waste management processes for municipalities in Africa, 
Friedrich and Trois24 found the greatest GHG savings were achieved 
through recycling while the highest emissions were recorded for waste 
disposed of in landfills. Studies have also been conducted for carrier 
bags by Sevitz et al.25 with updated research conducted by the Council 
for Scientific and Industrial Research (CSIR) incorporating additional 
impacts such as (materials) persistence, employment, and affordability26. 
Significant findings show that reusable fossil fuel-based plastic bags have 
lower environmental impacts than single-use carrier bags in all categories 
other than the persistence of plastics in the environment. 

In this study, we aimed to firstly establish a baseline model to describe the 
status quo of the South African plastics sector in terms of material flows 

and their subsequent environmental impacts, and thereafter to explore 
the impacts of implementing a mitigation strategy, namely an increased 
mechanical recycling rate, to satisfy the aims of the SA Plastics Pact. 

Methods
Material flow analysis
A mass balance was compiled that incorporated major process activities 
such as conversion, use, disposal, recycling, and trading for 2018. 
Figure 1 portrays the model showing relevant input and output flows. 

Figure 1:	 Inputs and output flows of the material flow analysis. 

Information regarding total plastics production (local conversion of 
polymer into plastic products) was obtained from the annual recycling 
survey published by Plastics SA.9 Imported polymers, products, and 
packaging as well as exported goods were included with data sourced 
from the South African Revenue Services (SARS) under tariff code 39. 
This refers to direct plastic imports and excludes products that contain 
plastic or are packaged in plastic and fall under another code, e.g. 
cosmetics or electronics. Imported recyclate was also considered under 
total imports. In terms of recovery, figures for recyclate were obtained from 
the annual South African plastics recycling survey with 2.2% of plastics 
recovered from the waste stream exported to be recycled internationally.9 
Informal disposal of waste represents the portion of plastic waste that 
remains uncollected and untreated via formal management processes and 
is typically discarded in open dumps with an estimated 60% burned.27 
Unlike other regions, South Africa does not implement waste incineration 
on a commercial scale. Landfill disposal is the standard employed, but 
not always to regulated standards. As a result, an estimated half of the 
formally disposed of waste ends up in what is termed ‘deficient landfills’. 

Life cycle assessment
Disaggregation of the total plastic flows obtained in the MFA was necessary 
to obtain individual polymer flows. The polymers considered include the 
six major polymers consumed in South Africa – low-density polyethylene, 
high-density polyethylene, polypropylene, polyethylene terephthalate, 
polyvinyl chloride, and polystyrene – as well as an additional category 
to represent other plastics. For import and export flows, data were sub-
divided according to the description of SARS sub-tariff codes. Use, 
both short-lived and long-term, was divided according to a breakdown 
of domestic virgin polymer consumption provided in the Master Plan 
for Growth. Waste was disaggregated according to a municipal waste 
management plan which included a plastic characterisation study.28 

SimaPro was utilised as the modelling software with most datasets 
sourced from the ecoinvent database. Where local data were unavailable, 
international datasets were modified with the inclusion of the local 
electricity mix. To accurately portray local polymer production, the 
South African dataset representing the Fischer–Tropsch synthesis process 
was incorporated into the model. Similarly, the end-of-life management 
scenario depicted in the MFA was modelled by constructing a disposal 
scenario to reflect accurate proportions of waste flows. The informal 
disposal term was described using a combination of disposal of plastic 
waste to an open dump as well as uncontrolled, open burning using a 
40:60 split.27 As there is no dataset which describes the presence of 
plastic litter, the discarding of waste in an open dump was used as a 
proxy dataset. The impact analysis was undertaken based on the single 
indicator of global warming potential with the impact assessment method 
selected as IPCC 2013. 
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Model of future flows
Flows depicted in the baseline model were projected to estimate future 
material flows. Based on the projected annual global demand growth rate 
of 4%/year, plastic flows were calculated for the year 2025. An additional 
scenario, using a 2%/year growth rate, was modelled to take into account 
the decrease in local plastic production from 2018 to 2019.29 Thereafter, a 
mitigation strategy was modelled, and the changes analysed. In particular, 
the rate of mechanical recycling was increased to satisfy two of the 
objectives set by the SA Plastics Pact. This revolved around achieving 
a higher recycled content at 30% and an increased input recycling rate 
of 70%. To construct an initial future model, it was assumed that the 
production of local polymer would be constrained and would reach a 
maximum threshold based on nameplate capacities. This assumption is 
because there is a current shortage of ethylene monomer which limits 
the polymerisation of polyethylene and polypropylene copolymers.7 
The potential decline in liquid fuel use in the transport sector would also 
impact monomer supply resulting in reduced local polymer production.30 
This would entail that the balance of feedstock supply would be satisfied 
by importing polymers. Although the increased recycling rate would 
ensure higher collection of material for recycling, there would still be a 
significant quantity of waste for disposal. Due to the ongoing initiatives 
by Producer Responsibility Organisations, it is anticipated that waste 
generated from non-serviced households would decrease. A small 
fraction of waste would still be transported to sanitary landfill sites with 
the remainder discarded under deficient landfill conditions.

Results and discussion
Baseline model

Material flow analysis for 2018
The results for the MFA on an annual basis are displayed in Figure 2. 
The Sankey diagram depicts major inputs, outputs and activities for 
2018, with quantities expressed in kilotons. Circularity is shown in the 
diagram in the form of the recycling loop with accumulation built into the 
model to account for build-up of stock within the system.

The quantity of polymer produced locally, which was calculated via a 
mass balance, was 20% less than the quantity of imported polymers. 
After the conversion process, domestic consumption was sub-divided into 
short-lived products and durables, with 40% of plastics locally produced 
embedded in long-lived applications.9 Post-use, the amount collected for 
recycling excluded the non-plastic ‘obsolete’ material that is extracted 
when plastics are recovered from the waste stream and typically forms 
part of the collected material.29 Results indicate that most of the waste 
is discarded via self-help disposal – a practice common amongst rural 

households and urban informal settlements – as well as through compliant 
and deficient landfills. The MFA findings also show that the amount of 
direct litter generated is relatively small. To evaluate the performance of 
the recovery and recycling loops, several mass-based indicators were 
calculated; the results are presented in Table 1. The input recycling rate, 
which is a commonly cited indicator and is defined as the percentage of 
collected plastic waste to short-lived waste, was calculated as 40.3%, 
which is comparable to the total EU plastic packaging recycling rate of 
40.8% in 2016 (EU28 plus Norway and Switzerland).31 The recycled 
content, which is an alternative circularity indicator and is calculated as 
the fraction of recyclate in total polymer converted into products, is 17.7%. 

Table 1:	 Mass-based indicators based on material flow analysis for 2018

Indicator Value (%) Definitions

Collection rate 28.9 Collections / total waste

Input recycling rate 40.3 Collections / short-lived waste

Output recycling rate 30.9
Recyclate (local and exported) /  
short-lived waste 

Recycled content 17.7 Used recyclate / total production

Life cycle assessment for 2018
The results for a life cycle-based carbon footprint are presented in 
Figure 3. The inner ring represents the total GHG emissions to produce 
plastic products consumed in South Africa, exported products, and 
imported products as well as end-of-life management of local plastic 
goods post-consumer use. The outer ring expands on the production 
process by showing the distribution of impacts between polymer 
production, conversion, and end-of-life impacts. The latter are partitioned 
to illustrate individual impacts for littering, recycling, and disposal. 

The LCA revealed that the South African plastics industry was 
responsible for emitting 17.9 Mt CO2eq over its life cycle. This amount
is equivalent to 3.8% of the total emissions for South Africa in 2018 
and is greater than the annual emission load for several entire country 
emissions, e.g. Kenya or Slovenia.32 From the graph, it is evident that 
the production process (comprising both polymer production and 
conversion) is responsible for most of the burdens in comparison to 
the end-of-life management process. This is mainly due to the local 
production of monomers (propylene and ethylene) from coal which is 
responsible for 52% of the total climate impact. This result is validated 
by LCA studies33 that verify the emission-intensive nature of coal-based 
monomer production pathways. Figure 3 also shows the significance 

MFA and LCA in the South African plastics sector
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Figure 2: Sankey diagram depicting results of material flow analysis of plastics in South Africa for 2018.
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of the local conversion process, contributing to 17% of the total climate 
impact with emissions attributed to electricity produced by the country’s 
energy grid. The end-of-life stage makes a very small contribution, 
within which the disposal process accounts for the majority of climate 
impacts which is ascribed to the burning of plastic waste that generally 
occurs at some homes or at dump sites.

Model of future flows
Annual flows of plastics produced, consumed, disposed of and recycled 
were projected for 2025 for three scenarios. Table 2 shows the business-
as-usual models with a 2% and 4% annual growth rate (Scenarios 1 
and 2), as well as calculated flows for the case of increased mechanical 
recycling (achieving the targeted input recycling rate of 70% and recycled 
content of 30%) as a mitigation strategy (Scenario 3). 

A comparison of Scenarios 1 and 3 indicates that increasing the recycling 
rate would increase the quantity of recyclate available by 241 kt, which 
would consequentially decrease the need for virgin polymer by the 
same amount. This is shown in Table 2 to be entirely at the expense 
of lower imports, but this reduced demand relative to a ‘no recycling 
growth situation’ might have a significant economic impact on both local 
polymer production and imports. An analysis of the custom’s value of 
imported polymers in 2018 estimates that the potential reduction in the 
quantity of imports would result in a loss in the order of four to six billion 

rands. This highlights the fact that, at some stage, ambitious pursuits 
of circularity would inevitably impact business models built on linearity.  

For 2018, the per capita plastic consumption of 36 kg/year is within the 34–
52 kg/year range estimated in a previous MFA for 2015.19 As anticipated, 
the quantity of plastics produced would increase from 1876 kt to 2155 kt 
and 2469 kt, respectively, under the two business-as-usual future models 
for 2025 with no intervention. This increase in production would lead 
to a projected increase in plastic consumption over the 7-year period 
to a maximum of 43 kg/capita/annum as per Scenario 2. Although this 
is significantly higher than the annual per capita consumption for Africa 
of 16 kg in 201518, it is still lower than the historical average plastics 
consumption in other regions such as China and Latin America34. Table 2 
also shows that an increased consumption of plastics would cause the 
total waste generated to exceed 2000 kt in 2025 if production increased 
at an annual growth rate of 4% per annum. In addition to the increased 
availability of recyclate, a higher recycling rate (Scenario 3) would also 
significantly decrease waste directed to landfills, by 28% relative to the 
business-as-usual baseline model, and even to levels 18% below those 
modelled for 2018 despite a 2% increase in the annual production rate.   

Conclusions and recommendations
To establish material flows and subsequent impacts arising from the 
plastic industry in South Africa, a combination of an MFA and an LCA 
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Figure 3:	 Estimate of the life cycle-based carbon footprint of plastics in South Africa for 2018.

Table 2:	 Projected flows in the South African plastics value chain for 2025

Indicators Units
Baseline model 

2018

Scenario 1 
BAU (2%) 

2025

Scenario 2 
BAU (4%) 

2025

Scenario 3 
Increased recycling (2%) 

2025

Production

Local polymer kt 688 928 994 928

Imported polymer kt 856 821 1010 580

Recyclate kt 332 406 465 647

Total plastics produced kt 1876 2155 2469 2155

Use

Plastic consumption kt 2108 2379 2726 2379

Plastic consumption kg/capita/annum 36 38 43 38

Waste

Waste generation kt 1635 1846 2115 1846

Waste sent to landfill kt 799 907 1039 658

BAU, business-as-usual
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was utilised. Results indicate that, although recycling rates are higher 
than for other countries, a large quantity of waste is still disposed of via 
regulated and deficient landfills as well as self-help methods. The LCA 
revealed the total carbon footprint as 17.9 Mt CO2eq with local monomer 
production and energy use in converting identified as the major 
contributing factors. A model of future flows indicates that mitigation 
strategies, such as an increased mechanical recycling rate, have the 
capacity to significantly reduce virgin polymer demand as well as waste 
directed to landfill. This is anticipated to have a positive environmental 
impact on the total emissions generated by the local plastics value chain, 
although economic implications would also need to be considered. 

To avoid burden-shifting, it is recommended that the environmental 
analysis be expanded to include additional indicators related to ecotoxicity 
and acidification. Furthermore, other circular economy strategies – such 
as demand management and reuse, integration of bio-based plastics 
as well as decarbonisation of the energy system – would need to be 
evaluated to determine the optimum combination of strategies. 
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