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China informed the World Trade Organisation (WTO) on July 18th, 2017 that it would ban the imports of secondary plastic waste as of January 1st, 2018 in a policy dubbed ‘Operation National Sword’ (WTO, 2017). The move bans plastics including; Polyethylene Terephthalate (PET), High-density Polyethylene (HDPE), Low-density Polyethylene (LDPE), Polyvinyl chloride (PVC), and Polystyrene (PS) as well as mixed paper and slag (Toloken, 2016). China said it was taking these steps due to Illegal trade in waste imported from foreign nations and to protect its public health and the natural environment.
In the years 2014-2015 Wales' recycling exports stood at 26,850 tonnes, with 4,116 tonnes of this consisting of plastics (BBC NEWS, 2017). Wales, already the United kingdom’s leading country when it comes to recycling, recycled up to 60 percent of its waste in 2015-16, and has a set of high-level outcomes, targets and policies set out in the Welsh government document “zero towards waste” which together comprise the Welsh national waste management plan (Welsh Government, 2013). 
The goals set out by the Welsh national government within the document are as follows;
· To create a sustainable environment where the impact of waste within Wales is reduced to environmental limits by 2050, to achieve “one planet levels”.
· To create a prosperous society with a sustainable, resource-efficient economy.
· To create a fair society where all citizens are able to achieve their full potential and make contributions to the wellbeing of Wales through actions on waste prevention, re-use and recycling.
Waste management is a key essential factor towards achieving a Circular Economy and has been recognised by the UN (UNA-UK, 2016) and other International organisations for its importance in achieving global sustainability (ISWA, 2012). So now that Wales no longer has the ability to export its plastic waste to China, the proposed research that I intend to partake in is “Pyrolysis recycling in wales post National sword” due in part to the 500,000 tons of plastic waste that was shipped to China by the UK in 2015-16 which will no longer be accepted.
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[bookmark: _Toc503292397][bookmark: _Toc503298288]1.1 Aims and Objectives
Aims: 
· To achieve better knowledge and understanding of how plastics are recycled throughout South Wales.
· To research recycling methods and practices in South Wales.
· To formulate a better solution to the problem through both in-field and academic research
Objective:
· To undertake interviews with members of the recycling sectors in South Wales.
· To analyse the current performance of plastic recycling processes in South Wales with an intention of comparing different methods.
·  To Present an evaluation of current literature and finding in regard to recycling techniques in Wales.

[bookmark: _Toc503292398][bookmark: _Toc503298289]2.0 Literature review
[bookmark: _Toc503292399][bookmark: _Toc503298290]2.1 UK Plastic Rates
[bookmark: _GoBack]1.5 Million tonnes of recyclable plastic waste was produced by the British consumer in 2015. Of this, only 500,000 tons were recycled (Lyons, 2016) which placed the national average below expected rates with only 45 percent of recyclable goods being recycled annually. Recycling companies recognise the issue is partly due to consumer uncertainty with regard to which items can and cannot be recycled. For example, of the 13 Billion plastic bottles purchased by the British consumer, 7.5 Billion (57%) were recycled, as the consumer acknowledges that they could be recycled (Lyons, 2016). Recycling rates for plastic bottles is about 60%, however other products like plastic trays and pots are seen to be recycled at far lower numbers. Plastic film products e.g. plastic bags and plastic wrap used to package food saw the least amount of recycling at approximately 3% as many local authorities around the country do not provide collection of such items. 
[bookmark: _Toc503292400][bookmark: _Toc503298291]2.2 Environmental Concerns
According to the recycling corporations, there were indications as far back as 2008 and then once again in 2012, that China may restrict imports of plastic waste, but no action was taken within the UK. Without the current means of being able to recycle the amount of plastic,  it will either be burnt, incinerated or make its way into landfill (Edie.net, 2017) . The problem is the time in which it takes plastic takes to decay. On average it takes 450 years but can take up to 1000 (4Ocenas, 2017). Photo-oxidation through UV light is the main way in which degradation in plastic takes place, UV stabilising chemicals are often added to plastics so they keep their colour. Plastics are polluting, ending up in the natural environment, oceans, rivers and on land. The chemical additives in plastic are absorbed by both Animals and Humans and the chemical compounds are being found to alter hormones. Leaching of harmful chemicals that derive from buried plastics in landfill has been found in groundwater and is known to cause acute toxicity (Bejgarn et al., 2015).  180 species of animals have been catalogued with identified injected plastic debris (Knoblauch, 2009). As of 2015 the annual plastic demand in the UK was 37 Million tonnes, 40 percent of which was classed as single-use plastics (Thompson, 2017) and represent a substantial amount of the plastic that is either incinerated, taken to landfill sites or shipped to be further processed in China. With China’s National sword policy already in place it has been estimated that 350,000 tonnes of plastic that would usually be imported to China will not get processed in 2018 (Bone, 2016). Plastics consume considerable amounts of valuable space in landfill because they cannot shrink like other waste and are blown away by wind thus entering into the public domain, rivers, and most notably our planets oceans. 
[bookmark: _Toc503292401][bookmark: _Toc503298292]2.3 Climate Change
Fossil fuels are used in the process of manufacturing plastic products and  it is estimated that it takes 12 Million barrels of oil to produce 30 Million plastic bags (1bagatatime, no date). Carbon dioxide co2 is a greenhouse gas which is released from the burning of oil, thus plastic is a contributor to atmospheric co2 levels which are currently being released into the atmosphere at record rates and as a result causing climate change due in part with their ability to stay within the atmosphere for a longer duration than most other heat-trapping gases (Scientists, 2014).

[bookmark: _Toc503292402][bookmark: _Toc503298293]2.4 Waste Management Hierarchy
The waste Hierarchy represents an order of preference for taking action to reduce and manage waste to achieve minimum harm to the natural environment (EuropeanCommission, 2008).
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· Prevention:  the process of using less material in both manufacturing and design by keeping products in use for longer or by reusing any items.
· Preparing for re-use:  utilises cleaning, checking, repairing, or refurbishing of an item or spare part without the need for other pre-processing taking place. Re-use means using an item a few more times before it becomes waste.
· Recycling: transforming any recyclable waste material into a new substance or product.
· Other recovery: Includes incineration with energy recovery, both pyrolysis and gasification produce energy and other materials from waste. 
· Disposal:  is the process of either incineration or landfill without recovering energy.
The Waste Hierarchy has been the foundation on which waste is treated. It was first carried out by the European Union framework directive 2008/98/EC (EuropeanCommission, 2008) and provides a guide on how to approach and manage waste. 
[bookmark: _Toc503292403][bookmark: _Toc503298294]2.5 Pyrolysis
Pyro = heat. Lysis = break down. Plastic Pyrolysis involves subjecting plastic to a heat expenditure of at least 400 to 450 degrees Celsius (Pyne.co.uk, 2015). The reaction involves molecular breakdown in the absence of oxygen. Molecular vibrations occur at certain temperatures, and are then shaken and stretch to a point at which they break down into smaller molecular properties. During the pyrolysis process plastic breaks down into low-sulphur diesel, light oil and kerosene. Hydrocarbons and gas are then separated and form a substance known as carbon black, which can be used to create new materials like tyres and industrial rubber It is also predominantly used as a filling agent in products including belts, hoses, bushings and boots as well as many others. Carbon black from pyrolysis plastic can also be used as pigmentation in high-performance coatings such as primers and base coats which are used in industries like Aerospace and Marine (ICBA, 2016). 
  Pyrolysis can also be used for;
· Environment protection
· Pollution control
· Energy recovery from waste
· Waste to electricity
· Solid waste management
· New and renewable energy
· Waste to energy
Millions of tons of waste from plastic are created globally on a monthly basis. Pyrolysis could the answer to Wales’ plastic recycling, as it can be used to convert waste into energy worth billions of pounds whilst also helping to protect the natural environment from pollution. Pyrolysis has the ability to produce 700 litres of diesel from 1 ton of non-recycled plastic waste. With the UK disposing of 20 million tonnes annually, that’s equal to 14 billion litres of fuel. With the average price of a litre of diesel as of January 7th  2018 being £1.21(Statistica, 2018), that’s equal to £16.8 billion GBP per year, not taking into account production costs and labour etc. Pyrolysis is currently being implemented throughout  the UK and Europe. Cynar plc based out of London currently has  three plants in operation which focus mainly on end of life plastics, one in Portlaoise Ireland which was constructed in 2008 with an initial  capacity of 10 tons daily, but has since been expanded to process 20 tons daily (Pyne.co.uk, 2015). They also have two facilities in Spain, in Almeria and Saville. The technology has been proven to be successful as it is efficient and cost effective whilst also being  environmentally friendly due to it working on a closed loop circuit, which means minimal emissions and no additional production fuelling.
[bookmark: _Toc503292404][bookmark: _Toc503298295]3.0 Methodology
[bookmark: _Toc503292405][bookmark: _Toc503298296]3.1 Collecting Data
Using a set of qualitative research methods, data will be gathered beginning with commencement of Autumn term 2018. Data will be gathered over a ten-week period up to the beginning of the Christmas break. The use of semi-structured interviews will be implemented on a person to person basis using an open-ended conversational format whilst asking a set of questions marked down in (fig3). The method will be formatted in a way that makes the respondent comfortable. Use of a digital recording devise e.g. a Dictaphone will be used to preserve the information gathered and interviews will be conducted on members of the recycling industry in South Wales as well as local Swansea council members. The structure of the interview will adhere to academic ethics thus making the interviewee fully aware of the reason and purpose of the research.
Interview guide
· Personal Introduction 
· Hello, my name is Adam Robert Watson and I’m a student at the University of Wales Trinity St David, I’m currently studying Environmental conservation. The purpose of this interview is to gather data which will be used in my final year dissertation with the intended purpose of looking into the capabilities of pyrolysis recycling.
· Confidentiality statement 
· This interview is intended for research purposes only, the information in this interview will form part of my data unless you state otherwise.
· Introduction question
· Can you tell me about yourself?
· Age?
· Where you work and which organisation you work for?
· Your position?
· Start asking about plastic recycling
· What types of plastic are recycled?
· Are you able to give me a figure on the annual amount of plastic produced?
· How much is recycled annually?
· How important is it to recycle? 
· Are there any types of plastic which your company does not recycle? 
· Move to Pyrolysis recycling questions
· What is your opinion on Pyrolysis recycling?
· Is there a potential for implementing its capabilities in South Wales?
· How can this be done? 
· Pros and cons 
· Where are the limitations?
· Where are the incentives?
· Why isn’t it being done on large scale already?
End of interview - thank you for taking the time out of your day to talk with me, it is highly appreciated.  Stop Dictaphone recording.
[bookmark: _Toc503291923][bookmark: _Toc503292235][bookmark: _Toc503292410][bookmark: _Toc503298383]Figure 3: Done in accordance with interview structure found at the open university (Open University, 2013)
 Content analyses will take place for the data obtained through the interviews by labelling and coding the data in order to differentiate similarities and non- similarities through the use of the Pearson’s coefficient scatter plot diagram, which examines negative correlations, no correlations and positive correlations in a linear fashion (Hall, 2012).  The data will focus on how environmental, social, cultural and economic factors affect how plastic is recycled and if it can be dealt with solely through Pyrolysis recycling. Additional data will be obtained using cases studies from other sources with respect to Pyrolysis recycling, focusing on generalisation, validity and reliability whilst using an embedded case study design.

[bookmark: _Toc503292406][bookmark: _Toc503298297]3.2 Alternative Methods 
Alternative methods of collecting data will be obtained in a multitude of different ways if access to interviews is not obtained.
· Emails.
Contacting corporations and public bodies involved in Pyrolysis recycling to obtain information through emailing key members of each organisation with a set of questions will be done.
· Phone calls
 Using the phone to contact people with questions in order to gather formal insight, with a notepad a pen in hand as to note down any information useful. 
·  Posting letters
Letters addressing the fact that I am a student at the University of Wales Trinity St David pursuing a dissertation study in regard to Pyrolysis recycling with a purpose of gaining knowledge and data to analyse if it can be the answer to Wales’ plastic waste issues in the future will be sent to key players within the recycling industry.
[bookmark: _Toc503292407][bookmark: _Toc503298298]3.3 Limitations and Weaknesses 
As the research that I intend to partake in involves future projections in the amount of plastic waste not yet seen within Wales as a consequence of the Chinese policy ‘National Sword’, projections can only be obtained through perceived estimates at this time. There does not seem to be many scholarly written articles as of yet and the main source for material in regard to amounting pressures and plastic amounts are predominantly news articles based on figures varying considerably. The area and topic of my dissertation intends to focus on plastic recycling via Pyrolysis. However, there are many different uses for Pyrolysis. Therefore, the numbers I may be given for the data analysis section of my dissertation could be broad and incorrect if other materials other than plastic are used. 

Time constraints are a key issue, as the majority of Pyrolysis recycling plants and firms seem to be based in England. Traveling for interviews may become a lengthy process with multiple trips from Swansea to other locations, hence the use of collecting data via alternate methods if interviews are not obtained. However, those methods are not as likely to give the desired personal communication aspect that would allow a feeling of the true situation. 

Financial constraints will only be known before the beginning of Autumn term 2018 as student loan acceptance plays a major towards in allowing for travel and interview equipment etc.  Therefore, the financial allowance at this point in time stands at approximately £500 GBP. 
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