

Introduction

Plastic production, recycling, and the development of appropriate machinery is an industry that employs 15 million people in Europe alone. An estimated 55,000 companies, mainly small and medium sized enterprises, are part of the value-chain that in 2019 yielded 350 billion euros in revenue, Enabling the supplementing of 30 billion to European public finances (Europe, 2020). However, it is a sector that has faced increasing media attention due to the levels of pollution and concern for single use plastics entering waterways. In 2018, it was estimated that in the EU less than half the plastic packaging waste was recycled at a figure of 41.5%. (Eurostat, 2021) Displaying that there is some way to go in the recycling process. Plastics are toxic when burned and take a long time to decompose. This negative externality is often not factored into the production and consumption process.  
Around 1.3 billion tons of waste is generated globally each year. Germany’s plastic packaging waste equates to a staggering 3 million tons annually (Wecker, 2018). This essay seeks to address how Germany is attempting to tackle the issue of plastic waste,  the circular economy, and increasing sustainability. Germany amongst other countries has found some success in pioneering recycling processes and deposit refund systems. Figures will form the basis of a critical analysis of the failure to address environmental issues prior to EU legislation. Displaying diagrams to highlight the marketing failure. Post legislation will seek to display the success or failure of the implemented legislation, giving an indication of how successful the schema is, and how this has impacted the environment and society. 









Failure of plastic production prior to EU regulation

Although a valuable resource economically, plastic has many complex  considerations with regard to production, recycling, and disposal. In the last 70 years around 8.3 million tons of plastic has been manufactured with 6.3 million tons of waste generated. Of which around 9% being recycled,12% incinerated and 79% leaked into the environment, or at landfill. (Watkins et al, 2019). When plastic was first produced there was no consideration given to the sustainable nature of the product, or its impact on the environment and human health. PET (polyethylene terephthalate) is made partially from crude oil which creates sustainability issues, as a finite material and non-renewable source. Although this concern reduces substantially when recycling takes place. PET was first patented in 1973, however the rate of recycling was a slow process. The lack of recycling technology was not considered in the development of PET. This started an environmental issue from the moment it was produced, spiralling into a global pollution issue. Lack of education and recycling methods were likely the initial cause.
Plastic pollution has global implications both economically and for human wellbeing. Impacting leisure activities, reducing income, and even polluting the food we eat. (Barnes, 2019) states that  “Traditional views over the relationship between growth in the economy and environmental quality rested on the “scale hypothesis”, whereby the two are conflicting goals, and growth in the economy results in detrimental environmental impacts”. The effects of plastic pollution are far reaching and long term and include the ecological effect on marine wildlife, with ingestion and entanglement. The ecotoxicological effects of chemical pollution and the economic effect to tourism, shipping, and fisheries. (What are the long-term effects of plastic pollution in the oceans?, 2021). 
[bookmark: _Hlk71705025]Prior to the EU directive 94/62/CE, legislation did not exist to determin plastic disposal and recycling goals. Although some member countries have determined their own legislation and standards setting defined targets. In 1991 Germany introduced a green dot system which has now been taken up by 29 countries. New environmental regulations required manufacturers to reclaim their packaging. This passed ownership of the negative externality. Many manufactures could not meet the regulations. German company Duales System Deutschland established schemes providing the collection of secondary packaging (The Green Dot System, 2021). During the last two decades regulation has stimulated post-consumer waste recycling, the EU directive 94/62/CE, set the first targets which were defined and met successfully (Groot et al, 2014). 
Due to lack of knowledge and understanding manufacturers had little concern for factoring the impacts of production and disposal. The impact on the environment or the health of the population came secondary to profit maximisation. The implications of factoring in the externality cost produced a decreased profit and potential costly change in operations. Marginal social cost is the effect of plastic production and the impact on public goods, such as clean waterways and oceans from anthropogenic pollutants. It is unrealistic to eradicate pollutants entirely, social costs should therefore be at an acceptable level. Negative externalities cause a market failure as the cost to others is not considered. In regard to plastic production the rate without factoring the externality requires more production at a lower cost to the consumer. Once the negative externality has been factored less plastic will be produced at a higher cost to the consumer. The market reaches equilibrium when marginal social benefit equals marginal social cost. 
“Marginal external cost (MEC) is the change in the cost to parties other than the producer or buyer of a good or service due to the production of an additional unit of the good or service “ (Egmand et al, 1996). In this case the producer is the manufacturer of plastic packaging and the consumer purchases goods contained in this packaging. Marginal externality costs can be both positive and negative, in this instance the plastic waste produced, and its impact is a negative externality. The costs can be passed to those who do not purchase these products but are directly affected by the environmental impact. In order to address the market failure, the negative externality must be a factor. Figure 1 displays the model prior to the customers deposit process, this example does nothing to address the MEC of improper wastage, although it does highlight the marketing failure.
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Fig 1.
The marketing failure prior to EU legislation was that manufacturers and consumers had little incentive to introduce changes to processes and shopping habits. Plastic manufacturing is a profitable sector, though manufacturers could not continue to ignore the environmental impact that was so publicly addressed in the media. Although historicaly manufacturers had the mentality of passing on the residual waste for the consumer to take responsibility. Placing profitabilty over accountability. New legislation in Germany did not allow this to occur and thus the Green dot system was introduced. 


Performance after implemented  legislations. 

There are methods that can be implemented once a market failure has been discovered. This depends on the nature of the industry sector and the goods that it produces. Government intervention in the free market could change the way the market operates. Including regulatory bodies, laws, taxes, and subsidies. (Sloman & Sutcliffe, 2001)  In the case of plastics EU regulations were continuing to gain momentum and reach targets set at each legislation as follows 1994/62/CE, 2008/98/EC, 2004/12/CE and 2019/904. Since implementation of the regulations much headway has been made in tackling the issue of plastic pollution. The main purpose of the directives is to move away from a linear economy and towards a circular model. Tackling issues such as plastic pollution, marine litter, recycling targets and reuse systems. The most recent legislation is a complete ban on all single use plastics by July 2021.
[bookmark: _Hlk71721041]The German government’s waste policy seeks to implement an economy which is recycling based. With the aim of reducing environmental impact, and conserving resources. (UN, 2021) The country has developed its own legislation, The Closed Substance Cycle Waste Management Act. “The purpose of this Act is to promote closed substance cycle waste management (Kreislaufwirtschaft), in order to conserve natural resources and to ensure environmentally compatible disposal of waste” (Archive, 2021). The act implemented in 1996 meant that producers and consumers had to rethink the issue of waste, as they became responsible for the avoidance of recycling and had to consider reuse and correct disposal. The importance of this act is that no party can pass ownership of the residual.
In the case of plastic production, the residual becomes a consumption externality. The responsibility for disposal is passed on to the consumer. In order to address this issue Germany introduced a market approach to tackle the environmental issue. The market instrument in this case is a deposit refund system. Targeting the potential polluter who then meets the externality cost, opposed to the manufacturer. The deposit rate is an additional fee that is paid when the product is initially purchased. This is an upfront cost to cover potential damages. The refund rate is the amount of money that is paid for returning the product after use, leading to the return of the product for recycling or disposal. This acts as an incentive and encourages responsible behaviour. The model only addresses PET plastic bottles, though other recyclable plastics are collected via kerbside collection. 
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Fig 2. (Burns , 2021)
Figure 2 displays the Deposit Refund Model addressing the prior market failure. The deposit is expected to capture the market externality costs of inappropriate wastage. Once the deposit has been passed to the consumer this addresses the negative externality of improper waste disposal. The model acts as a tax on product consumption. 
The benefits of this model are that it encourages ownership and responsible behaviour. This requires little government management and assists to reduce the need to produce more plastic, using raw materials. When used effectively it can contribute to reducing pollution in the same way as a Pigovian tax. Additionally, a socially efficient result may be achieved if governments taxed goods with negative externalities. The full social cost is then passed to the consumer. EU directive 2019/904 states that priority be given to sustainable products that are both re-usable and non-toxic, implementing re-use systems over single use plastics. A circular approach will aim to assist waste prevention and reduction. (EU, 2019). Improvements have been made in sustainable initiatives such as design for the environment (DFE), which promotes a cyclical flow of materials. This addresses some of the environmental challenges faced by manufacturers. Implementing this process can reduce consumption of resources and waste. This enhances the products reusability and ease of remanufacture, leading to the reduction of production costs. However, there may be a large investment initially. (Zheng et al, 2019)
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Fig 3. (Welle, 2018)
Figure 3 displays the growth of used pet bottles collected in Europe, which provides supporting evidence that Deposit Return Schemes are having a positive impact. Recycling processes have constantly improved over the last two decades. The raw material of PET recyclate can produce high quality used in the process of new bottles and even fleece jumpers, insulation and sleeping bags, (Welle, 2018).  Significant progress has been recorded in The Global Commitment 2020 Progress Report. The volume of recycled material in plastic packaging has increased and the gradual elimination of the most troublesome items such as PVC and PS and single use items. Although, little progress has been made on achieving increased recyclability of plastic packaging. (The Global Commitment Progress Report, 2020).


Comparison between the UK and Germany
Germany has always appeared to be one step ahead of EU regulations in the last 20 years. Although, Germany’s commitment to tackling plastic waste is admirable, the figures may not be as they seem. An independent report highlighted that a large number of recyclables end up incinerated or shipped to poorer countries. After the United States and Japan, Germany is the third highest waste exporter according to the Böll/BUND report (Dobush, 2019). This presents a complex problem when  comparing statistics to other nations as the data may not be accurate. Fig 4 displays that Germany has no recyclables that end up at landfill, with the UK having just under 50%. Germany’s Closed Substance Cycle Waste Management Act clearly states that “Waste that is not recycled shall be permanently excluded from closed substance cycle waste management, and it shall be disposed of permanently in a manner in keeping with the public interest” (Archive, 2021) . However, it appears the morally corrupt method is to lower statistics by shipping waste to poorer countries. By influencing figures this is just passing on the residual again without addressing the problem. The carbon footprint of exportation, coupled with the method of disposal will contribute to climate change. 
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Fig 4. (Wecker, 2018) 

Nevertheless, the UK can learn from Germany’s deposit refund scheme that has proved to assist in the reuse of plastics. There are around 40 countries and additionally 21 US states that have implemented Deposit Return Schemes. Those countries operating the scheme for plastic bottles see around 80-95 % in recycling. (Increasing Plastic Bottle Recycling, 2017).  This method requires little government intervention and could help the UK to meet future targets, lowering landfill statistics. Although it has been confirmed that the UK will not adopt the scheme until late 2024.


Conclusion 

Plastic production is a valuable and profitable industry, providing a high level of employment in Europe. Though, the material has become a controversial subject globally. Prior to EU legislation plastic was continuing to create a negative impact both economically and environmentally. The first EU directive in 1994 proved successful and further directives raised the bar. Although, much work has been done and targets have been met, there is still a long way to go. The plastic industry could be considered a failing market due to the negative externality costs. Not enough is being done to combat this issue and some member countries have adopted their own additional legislation. The problem has only increased and although progress is being made, the statistics are questionable. Germany has made an admirable commitment to recycling issues over the last three decades. However, the country has come under scrutiny for some of its more questionable practices. Germany passing their residuals onto poorer countries to meet targets is not an effective solution, and they are not the only country to practice this method. 


It is concerning that statistics in 2018 estimated that only 41.5% of plastic packaging was being recycled. The difficulty lies in the division of countries and their legislation. A global collaborative effort may be the only way to make a real change. It is unrealistic to eradicate plastic pollution entirely. As time is running out to save our ecosystems the problem cannot be ignored.  
Governments may have to take the initiative to intervene and impose legislation or taxes. A ban on single use plastics in 2021 will likely have a profound impact and is a step in the right direction. Deposit refund schemes address some of the issues of plastic waste, perhaps more incentives involving a consumer externality may be effective. Design for the environment should be considered a vital tool in future manufacturing processes. When plastics were first introduced there was little concern for sustainability or circular practices. Profit maximisation became the key focus and humanity is reaping the consequences. Plastic should serve as a historic example that a pioneering invention can have a profound effect on the whole planet. 
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Figure 4: Growth in the amount of used PET bottles collected in Europe

(Source: Petcore Europe)
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Plastic: Wasted or recovered?
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