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Using the DMAIC methodology on an analysis for the reduction of non-recyclable household waste in Leeds City Council Household Waste Recycling Centres (HWRCs).  
Introduction
When looking at reduction in waste this is something that is inherent to all organisations, however when quite literally looking at waste this brings an additional level of complexity. According to the UN Climate change report “While there is no silver-bullet solution to the toxic tide of plastic surging into our oceans, recycling must form part of the answer. The problem, many experts say, is that current processes are not fit for purpose. The world produces around 300 million tonnes of plastic waste each year. To date, only 9 per cent of the plastic waste ever generated has been recycled, and only 14 per cent is collected for recycling now.” (United Nations, 2019)
This links into the aspect of improving the process for which recyclable items can be efficiently streamed into centres for recyclable resources. For this project I will look to use the DMAIC process to streamline household waste to improve a higher recycling rate than currently experienced. This will involve both the cultural change and efficiency challenges that society is being forced to experience with more scientific data of the impact and immediateness of climate change. It will also link in with very recent Governmental and United Nations initiatives and targets to meet aspects of Carbon net 0% by 2050 (BBC, 2019).  
The choice to analyse Household Waste Recycling Centres (HWRCs) is because these facilities offer the closest point for which households and small and medium enterprises (SMEs) can utilise accessible recycling without significant financial cost. “Recycling and other recovery was the most common final waste treatment type in the UK, accounting for 104.0 million tonnes (48.5%) in 2016. Landfill is the second most used waste treatment in the UK, with 24.4% (52.3 million tonnes) of waste disposed of at landfill in 2016.” (DEFRA, 2019, p. 13) Households currently contribute towards 12% of the overall UK waste, which may seem insignificant from figure 1.1. However, the relative recyclable rates shows capacity to achieve up to 75% recycled items, higher than all other comparative industries in the UK. 
Figure 1.1 (DEFRA, 2019, p. 10)[image: ]
The models of interest with this specialist area are in Total Quality Management as the quality aspect of what can be recycled is of extreme importance when used in conjunction with the Pareto analysis. All this will be supported from data by the WRAP HWRC 2012 Guide to efficiency that has studied to detail on how this aspect affects large household recycling centres across the UK. When assessing the DMAIC methodology I will break them down into their individual components to give depth of analysis and evaluation at theses stages.
Define Stage
Firstly assessing the Define stage it requires looking in 3 stages, that of the strategic view, how this links in with the voice of the customers and finally how that looks as a business case. At the Strategic perspective from such a wide area, when looking at HWRCs they are significant to the lowest level of environmental conscientiousness. “HWRCs continue to have a significant role in enhancing the recycling and waste management services that local authorities provide for the public. They accept significant tonnages of waste and can achieve high recycling rates, providing a valuable service to local residents.” (WRAP, 2012, p. 4) They are the 1st line for vast quantities of household waste and its ability to be recycled correctly compared to illegal activities such as fly tipping or burning. 
As seen in figure 2.1 the quantities of waste that go through England HWRCs is in excess of 4 million tonnes per year. However, compared to the recyclable rates with Scotland and N Ireland it still accounts for circa 1.5 million tonnes of un-recycled waste from England. This is double that of Scotland and N. Irelands total waste combined (1.5 million vs. 650,00 respectively). Therefore, efficiencies require to be identified to improve the capability of these centres. For what the define scope will look at will be related to implement in the Leeds City Council HWRCs and from policies and data from a national perspective, since the time pressures of this essay is too short to look at implementation in Scotland, N. Ireland and England as a whole.
Figure 2.1 (WRAP, 2012, p. 7)[image: ]
When assessing the Voice of the Customer there is an important question to ask of who the recipient of the service is. This has two areas this occurs from; primarily being the recipients of the recyclable items. The household-waste sorting sites (HWSSs) are the main customer for onward processing (internal), and secondly the local residents (external). This presents two different challenges, the HWSSs want efficiently recyclable items to process or re-use and not spend time redirecting non-recyclable items into landfill sites. Compared to the household user who wants an efficient, time minimising HWRC so that a vast amount of time to recycle what some may see as trivial items (e.g. children’s toys, clothes etc.) This is also in addition to a national benefit of items such as fridges, mattresses etc. are not littering streets.
Therefore when we define this as a business case we look at 4 areas of critical to quality for both the HWRCs and consumers. This looks at the product quality, in having effective recyclable products for HWSSs to use. The service looks at the timely and efficient manner for households to dispose of their waste products including efficiency in site layout and efficiency in process for recycling items. Then the cost of which considers compliance to council waste targets including penalties, the efficient cost to be able to recycle and its use by residents. Then finally culture change and education which may seem as a ‘delight’ factor certainly feeds back into the other 3 elements.
[bookmark: _GoBack]To place this into a SIPOC (Supplier, Input, Process, Output, Customer) process map then there are multiple entrants and exits between each critical stage of this process. As in Figure 2.2 the suppliers are also experiencers of the service, they hold the initial Critical to Quality (CTQ), seen by the first blue arrow. The secondary CTQ is that of the HWRCs, since they require the assurance check that what is being recycled, disposed or sold on is correct. Lastly the check of the HWSSs, since they are the end user of the product the check that what is being received is fit for processing to raw material. While there could arguably be an additional one for what raw recycled materiel is sold on this is outside of the scope of the project and so has been omitted. 
Figure 2.2
The breakdown of the product quality, service quality and cost are 3 key areas HWRCs must focus on to improve their viability in dealing with recyclable waste. The Product quality aspect can be analysed from Figure 2.3, showing that most local authorities are achieving average recycling rates of greater than 50% across their HWRC network, excluding separated rubble and soil. However, 51 authorities are achieving rates of less than 50%. There are clearly opportunities to improve performance at the HWRCs in these areas. 28 local authorities are achieving recycling rates of greater than 70%. Bearing in mind that these are not the highest recycling rates achieved at individual sites, but across a network of HWRCs in a local authority, this indicates that in principle, a recycling rate over 70% (excluding rubble and soil) is a realistic target. 
Figure 2.3 (WRAP, 2012, p. 12)[image: ]
To place this into a process map is relatively identifiable to define on a local HWRC. As seen in figure 2.4 the process starts with the inputs of materiel either from households or SMEs (small building industry firms, electricians, gardeners etc.) This then transfers into the HWRCs as the hub and then expel either for recycling, re-use or landfill. With the last stage of the actual product given being received by the HWSSs. The last point to note is that the cost throughout this is born by all parties, however the main collector is that of the HWSSs. This is due to the overall centre for use and onward distribution of both the experience and products, which is likely to be a main driver for efficiency for these sites. 
Figure 2.4
Therefore the overall define process has found that they key areas are that of the source (households), the quantity a HWRC will be faced and how it deals with the processing that for efficient onward recycling to the HWSSs and avoiding delays of incorrect products. 

Measure stage
When looking into the measuring stage the Failure Mode Effects Analysis (FMEA) comes as a good tool to give focus for this issue. The 6 sigma matrix is a tool defined as “a measurement-based strategy for process improvement. It’s a methodology, which aims at improving process and increasing customer satisfaction (Both internal & external). The concept behind this approach is to reduce the variation in processes. This reduction leads to consistent and desired outcomes from processes.” (Rastogi, 2018)
When understanding the data collection plan the 5 W’s are best to assess the applicability for this area. The WHAT will be collected from both the WRAP and DEFRA data as this provides a wider context to what the UK faces from both household and elements of commercial waste. The WHY will form both being of statistical evidence and used in conjunction with qualitative data provides a user identified applicable solution or root cause. The WHO and HOW is collected from individual sites and then compiled into these reports as well as the Department for Environmental and Rural Affairs. For the WHEN and WHERE this has already been outlined in the define stage for being a 2012 report and a national range. With regards to the measuring of the data this will be a combination of quantitative from the overall report and qualitative from the case studies provided, especially in the Leeds City Council study.  

Figure 3.1 (WRAP, 2012, p. p16)[image: ]
When we look to map this across in the form of a FMEA, in conjunction with the data from Figure 3.1 (WRAP, 2012) the breakdown of items is quite varied. Especially when taken across the national HWRCs, but the main key areas are of the Hazardous, Plastic and Garden Waste. This is due to both the Plastic (5.5%) and Hazardous (1.3%) being the most difficult to tackle from a recyclable perspective, since they take large amounts of time to sort and are difficult to recycle depending on its degradation state. The second point of garden waste is because of its volume that it makes up of the overall waste, as seen in Annex A (DEFRA, 2019, p. 3) that the UK recyclable rate has only increased 4.6% from 2010 to 2017. Which means in conjunction with the data from WRAP that 1.05 million tonnes of garden waste are likely to have inefficiencies contributing to low recyclable conversion rates. 

Analyse Stage
To accurately begin to implement measurable results the Pareto principle is best applied to critically analyse where this would most effective in this area. A definition of the Pareto Law is “the basic underlying rule behind the Pareto principle is that in almost every case, 80% of the total problems incurred are caused by 20% of the problem causes. Therefore, by concentrating on the major problems first, you can eliminate most of your problems. The few problems that occur most often result in many of your defects. You may also have many occasional problems that cause the occasional defect. This is called the "vital few over the trivial many" rule. Quite often, once you cure several of the "big hitters" you also eliminate some of the smaller problems at the same time.” (UPHS, 2016)
To analyse the 20% margin is difficult with HWRCs since they organise and dispel such a wide range of waste from easily recyclable items to very difficult and niche. However, in conjunction with Annex B the vast majority of difficult or large volumes of waste comes from garden waste, plastics and waste electrical and electronic equipment (WEEE). Therefore, streamlining these areas would help chokepoints in the process. This can be done from analysing the qualitative data in user experience surveys for HWRCs what the inconvenience areas are such as high barriers, difficult to unload, poor heavy item disposal areas. An often pragmatic approach requires to be taken and a focus towards the service provided which allows the end user of the HWSSs to experience a more accurate intake of recyclable items. This can be solved by looking at “Providing ground-level access to deposit materials into containers or bays makes it easier for the public to focus on recycling, while site vehicle movements take place away from customers, resulting in less disruption and more efficient container servicing. There are fewer manual-handling issues, as people no longer need to carry bulky loads up steps to load skips or attempt to throw materials from ground level.” (WRAP, 2012, p. 26)

Improve Stage
Lastly when looking at the improve stage there is a clear direction from which all the material will be pushed from and that is the external customer. All the evidence above indicates that an improved site handling will allow the efficiencies to be experienced by the HWRCs. The improved education of waste disposal and time efficiency of those centres shows that items are correctly passed through the chains to areas they require. 
Such areas are identified on the sites as; “reviewing and improving traffic management on site; introducing a one-way system for public traffic;  constructing a feeder road to reduce congestion on the public highway leading up to the site;  separating public and service traffic, if necessary by closing the site during container servicing;  ensuring that road markings, parking bays and traffic signage are clear; positioning bins in locations that promote safe use, easy access for site users and efficient servicing.” (WRAP, 2012, p. 26)
To place this into a graphical representation of what effects could be had to improve the areas analysed in large bulk items and tricky time-consuming items is shown in figure 4.1.
Figure 4.1
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As in figure 4.1 this is some of the improvements that could be implemented from the high effort and benefit through to downscaling and tighter restrictions on what can and cannot be taken. The evidence suggests that the main areas of either poor recycle rate (plastics, WEEE & hazardous materiel) or main tonnage of recycling (garden waste) will benefit from such schemes. As seen with the example of the Cambridge County Council re-design of a HWRC. “Grunty Fen was an open-air site designed around gantry access to the bins. Other sites in the county had been redeveloped around a split-level format, and feedback indicated that the public liked this design and found it easy to use. The user-friendliness of split-level sites meant they offered better access to a larger proportion of residents, including older people who were put off using sites where they had to climb steps with bulky items.” (WRAP, 2012, p. 120)
There is also the suggestion that generating small income from the HWRCs not only increases a form of investable income it also reduces the total waste sent on for further processing. This is shown from the Case study in Leeds City Council ;“The shop is diverting around five tonnes of waste from landfill per month. About 300–500 items of bric-a-brac are sold each week, for which the council is awaiting a decision on agreed weights – the number of items being sold means a significant tonnage of bric-a-brac, books and other small items may be being diverted. PAT-testing staff estimate that around 80% of the electrical items donated to the shop are working and saleable.” (WRAP, 2012, p. 118)

Conclusion
Over the course of this study in conjunction with the DMAIC methodology there is a clear correlation from efficiency improvements in the HWRCs both from the user and the sites themselves. The data indicated from both Annex A & B shows that household recycling can reduce a significant tonnage of waste at its current capacity (circa 26.9 million tonnes of which 45% is recycled equates to 12.1 million tonnes). However as shown from both the qualitative and quantitative data there are distinct improvements that can be gained from design and flow mapping changes. 
As from figure 2.4 the ability to reduce that flow for what ends up being received at the HWSSs is a cost-effective way than to re-process or dispose of items that should not be reaching the end user. The CTQs identified have distinct weight to improving the supplier’s efficiency in correct disposal so long as the service provided is time effective and convenient. Therefore, from the overall improvement plan small scale improvements can have an exponential effect in improving recycling efficiency targets. Should new or re-designed sites be able to combine the user experience and on-site ways to reduce items (selling re-usable items etc.) then the target of 50% and above will easily be achievable in the near future.
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Although HWRC recycling performance has improved significantly, there is still a
wide variation in performance between different sites. Figure 2.6 shows the number
of local authorities in England, Scotland and Northern Ireland achieving various
ranges of HWRC recycling rates. Data is aggregated at local-authority level for a total
of 190 authorities. For authorities with more than one HWRC, there will also often be
significant variations in recycling rates between individual sites.

Figure 2.6: Number of local authorities in England, Scotland and Northern Ireland
achieving particular HWRC recycling rates (excluding separated rubble and soil),

2010/11

10%20% 20-30% 30-0% 40-50% S060% 60-70%  70-50%
HWRCrecycling rate range

60

No. of local autharities

@ INF X @ World: | G Values | G SiSigr | G Parcto | @] Whatic | & Parcto

an Climate | @ Howth | [] Awhor | B UKSte [ plasic | +

12/128

Igure 2:6 Shows that Most 10Cat SUMONTIEs are aChIVIng average recycling rates
of greater than 50% across their HWRC network, excluding separated rubble and
soil. However, 51 authorities are achieving rates of less than 50%. There are clearly
opportunities to improve performance at the HWRCs in these areas.

28 local authorities are achieving recycling rates of greater than 70%. Bearing in
mind that these are not the highest recycling rates achieved at individual sites,
but across a network of HWRCs in a local authority, this indicates that in principle,
a recycling rate over 70% (excluding rubble and soill is a realistic target. As long
as there are no confounding factors, such s lack of financial resources or poorly
designed contracts which hinder implementing site improvements, this should be
achievable at nearly all HWRC in the UK

2.2 CURRENT HWRC PROVISION AND
NETWORK DENSITY

Levels of HWRC provision are currently under the spotlight, and a number of local
authorities are considering closing some sites due to budget pressures. There

is no nationally recognised steer on the acceptable level of HWRC provision. The
NACAS study of 2004 distilled and presented common practice at the time, drawing
on national evidence to assess suitable levels of provision, as outlined below. lts
recommendations on HWRC provision have been referred to in different contexts (for
‘example, a 2011 review of HWRC provision by Durham County Councill and taken
generally as a guide for standard practice. However, the recommendations were
highly provisional and tentative, and were explicitly presented as such.
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date, being based on data from a wide range of local authorities and a large number
of sites. Other studies carried out in the devolved nations have provided useful data,
but cannot compete with the England 2006/07 compositional estimates in terms of
coverage and the huge amount of primary data used

The HWRC composition estimates for England 2006/07 are illustrated in Figure 2.9,
which includes HWRC residual waste and recycling, but excludes separated rubble
2nd soil. These estimates were arrived at through combining waste compositional
data for HWRC residual waste with WasteDataFlow HWRC recycling tonnages for
2006/07

The estimates in Figure 2.9 are at a primary category level [so all types of paper are
included in one primary category, and so onl. More detailed compositional estimates
Iresidual plus recycling) for English HWRCs are shown in Table 2.3. We have not
estimated the current proportion of materials in residual and recycling, as HWRC
recycling has increased so significantly since 2006/07, and the current split between
residual and recycling for each material type is Likely to be significantly different
Updated national HWRC waste compositional estimates would be required in order
to estimate current capture rates for different key materials. Readers interested in
the split between residual and recycling for various materials should refer to the
Defra reports WR01199: Municipal Waste Composition: Review of Municipal Waste
Component Analyses and WR1002: Detailed Compositional Assessment for Municipal
Residual Waste and Recycling Streams in England
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