Anthropocene! Do we redesign the product or redesign the plastic first?

Assessment Two - Research Proposal - Part 1 Martin Leigh 14th January 2022


1.4.2 Introduction and Context
Human-Made Materials Now Weigh More Than All Life on Earth Combined. People produce 30 billion tons of material annually, making our built environment heavier than the planet’s biomass (1). On average, every person in the world is responsible for the creation of human-made matter equal to more than their bodyweight each week. This includes plastic…

Most plastic can be recycled. The main barriers are cost and technical reuse. Recycling one tonne of plastic can save 1.5 tonnes of carbon (2). However, the British Plastics Federation states that only 4% of the world’s oil production is used for plastics, the rest is used for transport, energy, heat or is burnt. 

There is now a realisation that our linear ‘take without consequence’ business model is effectively obsolete, as the urgent issue of better resource management comes sharply into focus with global warming and a re-evaluation of what we can do in a sustainable way to reduce waste through consumer lifestyles. 

According to Life Cycle Assessment (3) as much as 20-30% of building materials are discarded before they are used, even in Europe this is 13% in the UK and up to 10% in Holland, this is a great opportunity for a change in approach in thinking towards re-evaluation of how we do things in our relationship with the resources we need to manage. 

Since 1950’s in the US, the linear manufacturing landscape has provided Western nations with limitless access to consumer goods, more recently accelerated from the rapid low-cost manufacturing growth from China and Far Eastern manufacturing. Low-cost labour with access to rising consumer populations in Southeast Asia made China one of the most rapidly developing business centres in the world. In 2011, China overtook the United States to become the world's largest manufacturer driving GDP by 40% (4). 

However, China is no longer the lowest cost base for manufacture, leading brands like Nike and Adidas, are constantly sourcing the cheapest labour markets. World markets seek new markets and new consumers who aspire to the latest branded goods for a perceived ‘Western’ lifestyle. By reducing labour costs, the market reach of these multi-national companies can increase market share in low-income countries and achieve ever higher profits in richer countries (5). 

More recently, there is a move away from China for low-cost international manufacturing towards countries like Vietnam, and Indonesia, with Thailand receiving 19.7% export increase from the US, in automotive, natural rubber, food and beverage manufacturing (4). China will also have to share its low-cost manufacturing with India with a large population and low-cost base. Whilst the Western nations come to terms with losing their post-World War 2 mass manufacturing bases (apart from Germany) the demand for cheap goods will increase from rising wealthy middle-class incomes in the Far East as consumers demand consumer goods. Already there is rising concern in the pull-back from the industrialised West from high exploitation consumerism and the rising Far East nations who want the same consumer access to goods as the Western nations and feel that they should not be denied. The rise of emerging nations has increased global consumption by 50% over the last decade (6). 

Within that low-cost manufacturing base is the demand for cheaper products, sadly, the same demand for cheap labour also means cheaper materials. Although the Far East are successful at minimising the use of materials, the use of standard, commercially available plastics are still seen as the most cost-efficient approach for mass-products (6). 

The next advance in technology manufacturing will be regional, with areas of specialised niche clusters. China’s escape from Western consumerism will be towards specialist electronics and A.I. The pre-COVID model of ‘just in time’ and ‘bespoke to order’ has been challenged and, re-evaluated to ‘just in case’ resulting from fragmented supply chain caused by national lockdowns and regional differences in dealing with the COVID pandemic. 

The pandemic and supply chain delays has influenced product quality, with the recent shortage of chip components in the Far East. Renault removed some of the key safety components from their Zoe car resulting in their Euro NCAP being reduced from 5 stars to zero (7). Not only has this left Renault back-tracking rapidly to re-evaluate the fall out, but it has eroded trust in the brand by raising long term consumer concerns about quality. 

The pandemic has itself set back the cause of dealing with single-use plastic decades (8), with 3.4 billion single-use facemasks/face shields are discarded daily, leading that figure is China with 700m. This doesn’t include other PPI such as aprons, gel containers or transport and disposal. It doesn’t require much investigation to realise how many of these single-use plastics will end up in landfill, with eventually 80% of this waste as micro plastics going into rivers then oceans. This is a huge challenge for poorer countries who cannot support such a waste plastic management burden, especially as some of this waste will be classified as medically contaminated. 

The re-evaluation of materials’ use will be a key and crucial part of this new approach. For example, traditional furniture was made for the ‘long-term’ with hours of manual work put into fabrication providing durability and longevity for decades. However, what is being considered challenges this model completely, academic research through groups like the Ellen MacArthur Foundation are advocating the use of medium-term materials for furniture that are made in a simple construct that can be easily re-purposed on a shorter timetable. Rapid manufactured materials such as particle board can be split from its finished outer bonded surfaces by using new microwave technologies, covering fabric can be recycled, and the whole process can provide easy re-use of all materials quickly. This will require a complete mind set change from the wider population and introduce a more temporary level of ownership but with provide other commercial opportunities. The process is built around looking at end of life first and then working back into bringing together the product in a manufacturable form. 

Plastic Bags 
The development of new plastic materials is slightly more complicated, most of our plastics are based on fossil fuel technologies either as a bi-product or as a process around using fossil fuel mechanisms to form plastics. The plastic bag was ironically invented to save the planet, according to the son of Swedish engineer Sten Gustaf Thulin who created them in 1959. The bags were developed as an alternative to paper bags, which were considered bad for the environment because they resulted in forests being chopped down (9). 
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Our demand for plastic is insatiable. In 1950, the global production of plastic was estimated to be a 2 Mt (million tonnes). In 2015, it had grown to 380 Mt, and if nothing changes, it will reach 1,606MT by 2050. According to Science Advances (10) the first global analysis of all mass-produced plastics ever manufactured. It was estimated that 8,300 million metric tons (Mt) as of new virgin plastics have been produced to 2019. By 2015, approximately 6,300 Mt of plastic waste had been generated, around 9% of this has been recycled, 12% incinerated, and 79% was landfilled or remains in the natural environment. If current production and waste management trends continue, roughly 12,000 Mt of plastic waste will be in landfills or in the natural environment by 2050. It is interesting to note that of all plastic ever produced around 30% of it is still in use today. Which considering the data runs from the 1950’s actually makes the use of plastic quite efficient; the issue appears to be how we determine end of life scenarios. 

According to the Ellen MacArthur Foundation, our responsibility is to change the way we design, use and reuse plastic, since plastic can only be recycled a small number of times (11), before it breaks down its core molecular qualities so we cannot recycle or reduce our way out of this pollution crisis. However, this does not include an additional process to return the waste plastic back into oil.

Microplastics 
By 2050, there could be more plastic by weight in the oceans than fish (12). If we don’t act now, by 2040 the amount of plastic entering the ocean each year will triple (13).  

Though a typical American diet, evaluation was taken for the number of microplastic particles in commonly consumed foods in relation to their recommended daily intake. The potential for microplastic inhalation and how the source of drinking water may affect microplastic consumption were also explored. Analysis utilised 402 data points from 26 studies, which represents over 3,600 processed samples. Evaluating approximately 15% of Americans’ caloric intake, it was estimated that annual microplastics consumption ranges from 39,000 to 52,000 particles depending on age and sex. These estimates increase to 74,000 and 121,000 when inhalation is considered. Additionally, individuals who meet their recommended water intake through only bottled sources may be ingesting an additional 90,000 microplastics annually, compared to 4,000 microplastics for those who consume only tap water. These estimates are subject to large amounts of variation; however, are likely underestimates (14). 

For marine animals, there is evidence supplied by marine studies into whale’s concentrations of MEHP found in the blubber of stranded fin whales suggested that phthalates could serve as a tracer of the intake of microplastics, whales who have been most affected by micro-plastics due to their high consumption of plankton (15). Studies in the Mediterranean have shown that up to 50% of plankton has evidence of micro plastics (15). 

So why are their concerns about about micro-plastics? Plastics repel water (hydrophobic) but can adsorb chemicals from their environment such as PBDEs, PCBs and PAHs, some off these absorbed chemicals have links to reproductive toxins and carcinogens. Plastic can also absorb bacteria and metals, at much higher volumes than their surroundings. There is also evidence of desorbing the gut in animals reducing the ability of the animal to be healthy and absorb sufficient nutrition. Plastics can also leach synthetic additives, such as phthalates, alkylphenols, and bisphenol A (16). This will be a major health concern for the future. 

Burning plastics
Around 40% of plastics are used as packaging worldwide. Most of this packaging is single use plastic, which in an urban setting result in incineration as the most practical form of disposal. Waste incineration has huge impact emissions from plastics incineration. In 2015 were 5.9 million metric tons of carbon dioxide equivalent (17). Based on projections from the World Energy Council, if plastics production and incineration increase as expected, greenhouse gas emissions will increase to 49 million metric tons by 2030 and 91 million metric tons by 2050.

New Plastics
So what about new plastics? In 2009, a team of South Korean scientists began looking at bioengineering polymers in 2008, in contrast to using fossil fuel chemicals, using the synthesis of polylactic acid (PLA) and its copolymers by one-step fermentation process, heterologous pathways. This research led to environmentally conscious plastics published in 2009. This research has continued to be built-upon and now the market for bio-composite plastics will be worth USD 30.9 billion by 2028 according to a report by grandreviewresearch. 

Plastics have become one of the main focusses for pollution. However, in the marine sector, the wider population are not seeing daily reminders of their own consumer waste. Areas of the oceans now have huge floating islands of waste plastic, slowing reducing into tiny micro-plastics that will end up in human consumption and destruction of the ocean ecology. All of this is disposable culture is reversible with education and resolve. The use of landfill has a similar effect with large amounts of consumer goods being land filled due to the cost of recovering materials and dealing with toxicity of materials, as regulation and wealth gaps close it is becoming increasingly difficult to address these issues economically and retrospectively. With such heavy demand for plastics and a huge legacy of waste to deal with do we redesign the product or redesign the plastic?

1.4.3 Review
In 2015, Texas A&M graduate student Christine Figgener recorded a video of her colleagues removing a straw lodged in a turtle’s nostril. The video went viral, inspiring people to take action. Since then, “skip the straw, save a turtle” has become one of the first slogans for people determined to decrease their plastics use (18).

Shopping Bags
The initial rush away from disposable one-use shopping bags into traditional looking cotton bags that can be re-used over again, is a constant source of reference, after all we all go shopping. However, look a little deeper and the argument is not so clear cut. Adopting what are seen as natural materials to everyday shoppers require huge resources to create, a recent report from Denmark’s Ministry of Environment and Food (19) clearly details the complexity of what the best approach to this challenge, including numbers of items per bag, amount of energy needed to create the bag and how it compares directly with all alternatives, end of life. The most inconsistent part of the report indicates the unpredictability of how people will behave with the presented scenarios. This could not only be about how many times a plastic bag is re-used but more importantly how it is disposed of and where the bag is re-used, repurposed, or recycled – assuming that it can be. The variation of how people’s attitude is co-ordinated into collection and responsible action is critical in how a mass-produced product is handled and its eventual end-of-life (EOL) scenario is played out. 
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Referring again to the Life Cycle Assessment of grocery carrier bags, the environmental footprint is complex and needs to include several factors beyond the obvious, how and what is it made of. The lives and social values of consumers vary enormously and increasingly generationally, where the thinking has, and attitudes have, changed in importance over the main issues of the environment. Current generational thinking is much more collectively responsible to important issues due to social media. Reputations and extreme attitudes are prevalent and can gain momentum very quickly through groups of individuals with strong influence. This can be both a positive and negative, if used well, social media can be useful to provide insight into new ideas and thinking, but negatively in a ‘herd’ mentality where everything is challenged and many people prefer to ‘go with the flow’ and not stand in the way of sometimes skewed thinking can be damaging (20). This can be referred to as “Algorithmic Sovereignty” where people’s opinions are channelled into consensus, sometimes being influenced by political or current events and manipulated by social media to a general outcome. There are many examples of this being filtered into our news right now for the avocation and adoption of sustainable living. However, I feel there is a rush to get rid of what may be very efficient ways of doing things that are cast aside after decades of implementation, with only ideology to follow as to where to go next, such as how to deal with plastics. 

As with the use of plastic, the promises of Western governments to be ‘carbon-free’ by 2030 or ‘fossil-fuel free’ by 2040 are exaggerated and probably completely unachievable, a more pragmatic approach to sustainability would be more appropriate; which would not include blocking motorways and risking people’s lives. Simple changes can make large differences and the change of behavioural patterns in a country of millions of lives can make a huge difference. But who pays and implements all of this? Commenting on environmental change Vladimir Putin blamed the green transition for Europe as ‘hysteria’ (21). Putin advocates ‘gradual transition and looking into de-carbonising the oil industries’, which would include the gradual reduction in the supply chain of damaging plastics.

The Ellen MacAthur Foundation is advocating to create a fully circular economy for plastics, we should start eliminating all unnecessary and problematic plastics as a first step. Then move towards plastics that are re-usable, or compostable. In the meantime, we should continue to circulate all the plastics in our economy to keep the environment free from waste.  
So how do we redesign the product? 
There are now several large energy companies beginning to look at this area, as always driven by profit, but increasingly influenced by shareholders. The realisation that something must be done is powerful when watching the planet weather pattern changes through our daily news. As always, legislation and investment are the drivers in any society and although global areas like the EU have made billions of Euros available, there remain issues of scalability, isolated national thinking, and green ideology to create overlapping or, unsuitable technologies. These are tethered by lack of new legislation for adoption to operate and regulate safe use. The old fossil fuel multi-nationals are still in control with the wings influencing the likes of UK Prime Minister, Boris Johnson to not rush through legislation too quickly and create too much change, whilst peddling hard to try and find some angle on sustainability. 
Fashion
Sectors of the fashion industry have reacted well to sustainability. Stella McCartney has developed several initiatives, beginning in 2001, with no fur, leather, or feathers in her products, through to using more organic materials for fashion and looking at how energy is used in her retail outlets using PV. Awards from the Cradle-to-Cradle Products Innovation Institute, working with one of their knitwear suppliers to pursue Gold-Level Cradle to Cradle Certification, for one of their most utilised wool yarns and being the first fashion brand to achieve it (22). The brand is also converting sea plastics into new materials. 
Fashion has now moved on from prevention of certain material use, towards the generation of new materials, including the development of mushroom leather substitute (23) called Mylo, which is made from mycelium, the root-like materials from mushrooms. Adidas are also using this technology as they compete for the leisurewear market and maximise the sustainability story.  
Mylo is grown by a new biotech startup called Bolt threads (24) they claim to be designing the next generation of performance materials in a resource-constrained world. The idea was created by the meeting of a bioengineer, biochemist, and bio physicist in 2009, which for me, gives clear indication of just how difficult this is going to be to re-interpret our world’s resources, into meaningful ideas with mass producible scaling to have any huge impact to our daily lives. The change we need to implement is beyond comprehension for most people, whilst at the same time it offers an opportunity like no other since the industrial revolution. 
So what about recycling plastics – what could they be used for?
The recycling of plastic has steadily grown in momentum in recent years, led by consumer awareness, legislation and industrial action. The emphasis has been on plastic waste and recycling, but even with single use plastics being reduced sustainability is being tested by current economic conditions and pandemics (25).
As I referred to previously only 9% of plastic is recycled. The scope for increasing recycling starts at the consumer’s choice of disposal, which is legislation driven and ultimately, product materials’, cost driven. 
Early adopters of recycled materials include Veja with their new material B-mesh, simplistically ‘bottle mesh’ there are three bottles in each shoe, in addition, the support materials are made from organic rubber and cotton. The B-mesh is both breathable and waterproof so should be suitable for further applications.
In many ways Patagonia were ahead of the game. Back in 1993 they made fleece materials from recycled plastic bottles, as well as using a high proportion of recycled materials such as wool and polyester. Their business is supported by a repair and reuse program as well. 

BEEN is based in London turning water bottles and leather of-cuts into new products that have been something else in a previous life. Been.london

1.4.4 Methods
Every avenue of research provides new influence and insight, but there is also considerable misinformation provided at high level. This is a result of commercial stakeholder interest and a great wash of ‘green band-wagoning’ – being seen in the right influence group and believing that the right approach is taken both on a person level and corporate level. 
The truth is that we are all in this scenario, each with our own responsibilities and understanding of the current situation. There is strong research evidence for the findings of what is happening, but little in the way of what could happen in a positive way at large scale. Early adopters of recycled material fashion brands and smaller retailer businesses are making headway; however, we have not been able to see any multi-national organisation make a substantial contribution to the use of new or, recycled plastics and maybe we will not. I cannot name a single mass supplier of plastics currently, so should I be able to name the supplier of recycled plastics? 
How this plays into a wider acceptance will evolve over time. The government markers are set for 2030, 2040 and 2050, are they realistic? In practice no, but in theory yes. The pandemic has accelerated every business digitally, allowing a high percentage of people to work remotely, something that was not wanted, or, considered possible previously. We are living through a global warming event that we are directly contributing to, via our last century approach use of energy. There only needs to be another key event that will accelerate our urgency to change. The research suggests a way forward, but it doesn’t provide a template, we must figure that out. The people who have had time to sit and think about this, such as Ellen McArthur Foundation have come up with some useful scenarios. Quick adopters will take encouragement, but when a circular economy needs to be established there needs to be government legislation, guidelines and infrastructure for adequate support for businesses and individuals brave enough to take the first steps. 
Any academic conclusion for this will rest between science and the ability to evidence there is scalable technology to deliver this change backed by good science to manufacture the change in physical form and, the overwhelming education of people to change their approach, worldwide. 



1.4.5 Results:
The changing of people’s attitudes will accelerate everything, there are cultural issues and in some ways the West already sits at the bottom of the list, having historically created huge amounts of pollution. However, I believe the only thing holding this change back is investment and increased education. Yes, most people know there is a problem with plastic, but few have yet fully explored the alternatives. New companies are emerging, such as Recycling Technologies, who have developed a process to turn plastic waste into a synthetic oil that can be sold back to the petrochemicals industry as a chemical feedstock to make new plastics.  
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For now, we must reduce growth in plastic production and consumption to avoid nearly one-third of projected plastic waste generation through elimination, reuse, and new delivery models. Substitute plastic with paper and compostable materials, reduces one-sixth of projected plastic waste generation. Design new products and packaging for recycling to expand the share of economically recyclable plastic from an estimated 21 per cent to 54 per cent. Increase waste collection rates in the poorer nations to 90 per cent in all cities and 50 per cent in rural areas. Introduce plastic-to-plastic conversion, potentially to a global capacity of up to 13 million metric tons per year. Design facilities to dispose of the 23 per cent of non-recycle plastic. Stop plastic waste exports to countries with low collection and high leakage rates. More importantly, we need to inspire the latest generation into scientific design away from plastic consumerism. If this is done we could reach an 80% reduction in plastic ‘leakage’. 
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Figure 16. Characterized results for the climate change impact category, incineration
end-of-ife option (EOL1) expressed as kg CO; equivalents per reference flow, for the
carrier bags LDPEavg, LDPEs, LDPER, LDPErec, PP, PPwov, PETrec, PETpol, BP, PAP,
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Figure 1: Plastic fate in the System Change Scenario: a‘wedges' analysis
There s a credible path to significantly reduce plastic leakage to the ocean but only if all solutions
are implemented concurrently, ambitiously, and starting immediately
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