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	Executive Summary


7.
The executive summary must not exceed 2 sides in total of A4 and should be understandable to the intelligent non-scientist.  It should cover the main objectives, methods and findings of the research, together with any other significant events and options for new work.

	Background, Objectives & Approach

Eight chilled food manufacturing sites took part in a study in 2005 to identify and quantify the main causes of waste generated within sites and identify the main opportunities for improvement. This data would then be used to help direct Defra supported research (LINK) and other activities into the most significant barriers to waste minimisation. Sites found it difficult to provide cause-based quantified waste data so findings have been based largely on quantitative information pieced together from some limited site measurement, historic data gathering, and, on one site, a 24hour waste measurement trial. Findings and later root cause analysis problem solving were further supported by study team member observations gathered from site visits. 

Findings

On a crude mass balance basis, including packaging, the industry was found to generate in the range of 10% to 20% waste by weight, equivalent to 3% to 8% of business turnover, thus representing a large commercial opportunity for businesses. This waste arose at many points throughout the manufacturing process. The principal sources of waste were found to be:

1. poor quality production, e.g. over/under baking, over/under weight; 

2. trimmings, e.g. scrapped pastry trim, bread crusts, tomato ends, vegetable peel; 

3. machinery performance problems, e.g. product jams, mechanical mis-handling; 

4. packaging, e.g. raw material packaging, scrapped product packaging; 

5. good product disposals, e.g. out of life;

6. market “imposed”, e.g. last minute customer order cancellations (sudden demand loss may be weather or promotional campaign related).  

Root Causes

The study looked beyond the immediate cause of each significant waste stream on each site and developed problem event trees (logic diagrams) to identify the underlying root causes. Whilst some fundamental practical, technical and commercial issues were identified, the principal root cause of waste for most of the waste streams was that of inadequate problem solving and a weak continuous improvement culture (“Findings” points 1, 3, and 5 in particular). It appeared that all too often, sites responded to production problems by putting in operators to contain the problems and dispose of the waste and resources and processes for eliminating the problems at source were ill defined. Crudely one might estimate that half of organic waste would be avoidable through sustained continuous improvement. One site had already halved its waste in this way but had opportunity for further improvement.

 A high proportion of packaging waste is not readily avoidable but more could be done to recycle. Mixed plastics are a particular challenge. A number of challenging waste issues were identified which might be worthy of further research. Examples are:

· Best means of reducing over / under weights

· Best means of achieving more consistent baking (avoiding over / under baking)

· Best practice packaging and product waste reuse / recycling

· How to improve tortilla separation.

Conclusions

Industry waste levels are in the order of 10% or more and waste elimination represents a significant commercial opportunity for many businesses.

· Packaging waste is not readily avoidable. Management practices to minimise and extract commercial value are starting to evolve but are not yet well developed in many businesses.

· Automated / mechanised manufacturing appears to result in greater waste than manual manufacture.

· Generally there are process control, materials handling and machine/process reliability come repeatability issues

· Typically the industry does not have robust processes for problem solving and designing out equipment problems, - not even minor ones!

· People are focussed on achieving the day’s production volumes, not minimising waste

· The industry does not appear to have a strong continuous improvement culture. It appears to be an industry where there are a few who have strongly driven continuous improvement on a formal basis for quite some time, a few who have driven this in an informal and unstructured manner, and the majority for whom continuous improvement is the casualty of day-to-day commercial and manufacturing pressures. Most businesses have attempted to introduce continuous improvement in one way or another but methodology for sustaining this is weak and the industry would benefit from cross-learning and developing a common, structured approach.

· The chilled foods industry must operate with limited stocks and short lead times as a natural consequence of the short shelf life of its produce. However, it does not appear to have adequately explored Lean manufacturing methods which can help a manufacturing business perform under these pressures. Instead, businesses tend to operate in a constant fire-fighting mode.

Recommendations

1. The industry should develop and pursue a continuous improvement strategy. If all companies could perform at the levels of the best then undoubtedly waste levels would be very much lower. It is clear that best practice and continuous improvement is far from embedded in the industry. Developing and spreading a best practice approach to continuous improvement for the industry, given its own peculiar environment, would probably be the most fruitful course of action that can be taken.

2. The industry should look at the issues of waste segregation and disposal with a fresh pair of eyes. The industry and its waste disposal service providers could learn from the pioneers who routinely do what others consider infeasible. The industry could also take a more active part in regional industrial symbiosis programmes.

3. Certain areas for further research have been identified in this study. Given the small sample size and unreliability of some of the data it would be appropriate to first conduct a simple, focussed survey to verify that an area is worthy of further research and to help define its objectives before establishing a research project.






	
	Project Report to Defra


8.
As a guide this report should be no longer than 20 sides of A4. This report is to provide Defra with details of the outputs of the research project for internal purposes; to meet the terms of the contract; and to allow Defra to publish details of the outputs to meet Environmental Information Regulation or Freedom of Information obligations. This short report to Defra does not preclude contractors from also seeking to publish a full, formal scientific report/paper in an appropriate scientific or other journal/publication. Indeed, Defra actively encourages such publications as part of the contract terms. The report to Defra should include:


the scientific objectives as set out in the contract;


the extent to which the objectives set out in the contract have been met;


details of methods used and the results obtained, including statistical analysis (if appropriate);


a discussion of the results and their reliability; 


the main implications of the findings; 


possible future work; and


any action resulting from the research (e.g. IP, Knowledge Transfer).

1.0 Background / Purpose

In September 2003 the Chilled Food Association (CFA), sponsored by the Defra Food Technology Unit (FTU) held a “Food Waste” workshop “Development of Waste Minimisation Solutions and Research Opportunities”.  This identified broadly based causes of waste from the subjective experience of the participants.  A follow up waste mapping study carried out by the CFA found that the industry generates 172,000 tonnes per annum of waste (excluding non-biodegradable packaging material), which is classified as category 3 animal by products for disposal purposes.  This material flow represents a significant waste of resources, including the embedded energy, and a significant disposal problem.

The FTU determined in discussion with the CFA that there is a lack of objective and detailed data on the root causes of this waste and the proportion of the total waste arising which is attributable to each cause.  Without this information it is impossible to target collaborative research or other activities to minimise or eliminate the waste.  The FTU proposed to sponsor an investigatory project to collect and analyse the necessary data from a small number of representative process lines, thus providing an improved evidence base for targeted further action.

Ready meals, sandwiches and pastry products account for more than 50% of the output of the chilled food industry on a value basis.  The CFA secured access for the project to eight lines or site operations covering these product categories

2.0 Study Objective and Deliverables

To identify the root causes of waste in key areas of chilled food manufacture and to identify opportunities for improvement through research and other activities.

This work is designed to ensure that the industry continues to grow in a more sustainable manner.  The improvements sought should address issues across the board from technological improvements which may require research and investment to specific working practice and procedural changes which can be implemented at low cost to the industry.  Supply chain performance may also be a factor which needs to be considered.

Deliverables

1.
A report giving an objective assessment of the total amount of waste arising from the target manufacturing operations and sufficient detail on its root causes to direct future minimisation work including targets for research.  The collected data will be analysed in such a way that the results of individual line and factory studies remain in confidence.

2.
A demonstration of waste resource identification and measurement methodology for dissemination to the food industry.

3.
Suggestions for actions that the industry could take to achieve continuous improvement with regard to waste minimisation.

4.
Provide the basis for industry wide workshops with academia to determine the scope for follow-on pre-competitive collaborative research to tackle reduction of waste through changes to product, plant or procedures.

Extent to Which Objectives / Deliverables Have Been Met

The sources of waste, e.g. cleandowns, quality rejections, trimmings, etc. were all crudely quantified and the study then focussed on the most significant sources. 

1. A report has been produced. Root cause analysis maps were developed for the main wastes and the principal root causes identified. Data gathering was not sufficient to quantify each of the significant waste streams by each of its root causes. Generally there were several causes for a given waste stream, some which could be addressed more readily than others.

2. A waste measurement approach has been outlined in the report. One 24hour site trial was conducted.

3. An approach for continuous improvement to address waste and other performance issues, e.g. productivity, lead time reduction, etc. was presented to Defra and CFA members in a feedback workshop. 

4. Several potential areas of further research have been identified and these reviewed with the Defra FTU LINK team. Further action to assist implementation of the recommended continuous improvement approach has been recommended and a number of sites have indicated interest in piloting this.

3.0 Study Methodology

3.1 Overview

The study involved several steps prior to the production of the final report.

1. “Range finding” visit to one site to validate intended methodology

2. One or two site visits to each site

a. Understand site operation, determine study scope and current waste measurement

b. Walk through end to end process observing practices, noting waste and questioning people

c. IPO Mapping the process, defining the waste data requirements, agreeing actions with sites

3. Data gathering from established systems by site and sample weighing of wastes where no historic data

4. If necessary, conducting a site waste measurement trial – recording quantities and causes of waste

5. Data analysis of waste sources and causes at each site and identification of common issues across sites

6. Study team root cause analysis review for each significant source of waste

7. Drawing & discussing preliminary conclusions in meeting with site representatives

8. Reviewing findings and potential LINK projects with Defra LINK team

9. Writing study report and presenting findings to Defra and CFA membership

10. Writing confidential report for each participating site

3.2 Data Analysis & Root Cause Analysis Process

No sophisticated statistical analysis of waste data was undertaken as sample sizes were so small. Thus analysis was limited to tallies, ranges, averages and ranking/pareto. The study aim was to identify and roughly quantify the major sources of waste on each site. On each site, the critical few sources tended to stand out from the trivial many and these then became the focus for further data gathering. However, quantification of even these wastes proved difficult and often unsatisfactory as host sites struggled to gather and supply meaningful data. 

A selection of these charts can be found in the appendices. A simplified example is shown below in figure 1.:
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Fig 1. Simplified root cause analysis chart

4.0 Findings

4.1 Sources and Quantities of Waste

A mid-project study team review sought to collate and classify the sources (first level causes) of wastes that had been identified during the site visits. These sources could be condensed into fourteen classifications as listed in figure 3. albeit a few of these classifications were rather conceptual. The most diverse of these was “trim, crusts, cuttings” which referred to any materials that was removed from the raw material or product during the process in order to meet specification, e.g. bread crusts, tomato end slices, sliced meat ends, pastry trim…

Material waste within the site boundaries of most of the chilled food operations studied lay within the range of 10% to 20% on a crude mass balance basis. This waste range, when applied simply to the eight production processes studied, equates to:

                        £5 - £10 million turnover at factory sales value



£2.5 million - £5 million at factory variable cost

                        16 – 32 million “meals” or items 

                        5.5 – 11 million kg of material

The turnover and meals figures are somewhat inflated given that some of the waste volume is packaging materials but nonetheless these figures are large enough to represent a very significant commercial opportunity to the businesses concerned. 

These waste levels are likely to be higher than those reported internally within businesses as many sites had the practice of reporting waste as a variance against standard usages defined within their business systems. These standard usages (defined within the bill or materials for a product) typically have an expected level of waste built into them so that automated material planning can function without continually under-ordering. Thus, unless care has been taken to also define ideal usages for each product, waste reporting will always hide a proportion of the physical waste incurred. (N.B. at least one of the sites was able to confirm with mass balance data for the site as a whole that total waste disposals was in the order of 20% by mass compared to mass of product shipped.)

Whilst the aim of the study was to quantify each source of waste by cause on each of eight sites only a few data points from each site were successfully gathered. As a consequence the sample size for any given waste issue was typically one to three sites rather than eight. However, the study team gathered enough observations, management data and anecdotal evidence to make broadly quantitative assessments of each waste issue for most of the sites. This quantitative analysis is shown in figure 2.

In figure 2., waste in the order of 2% by weight and above is deemed high, between 0.2% and 2% medium, and below 0.2% low. The numbers in the table refer to the number of sites which could be assigned to one of these three levels for that waste source based on the evidence gathered. In this way, quantified assessment could often be made even for sites which did not provide sufficient data to fully quantify their wastes. The list of waste sources themselves are the ones which appeared most prevalent based on the site visits. It is not an exhaustive list and it may even be that a significant source of waste is missing should there be a large waste that only occurs on an occasional basis, e.g. new product development production runs. 

	 
	Waste Source
	High
	Medium
	Low

	 
	Raw Material Quality Rejects
	1
	 
	5

	 
	RM & FG Packaging
	3
	2
	1

	 
	Raw material stock disposals
	 
	1
	5

	 
	Trim, Crusts, Cuttings
	3
	2
	2

	 
	Operator handling errors
	 
	1
	5

	 
	Operator processing errors
	 
	1
	6

	 
	Production line drops/ spills
	 
	 
	7

	 
	Mechanical Damage/ Jams
	1
	5
	1

	 
	Quality Rejects
	3
	2
	2

	 
	Changeovers/ Clean Outs
	 
	1
	6

	 
	Start-up/ shut down scrap
	 
	 
	7

	 
	QA Samples
	 
	 
	5

	 
	Good product disposals
	2
	2
	3

	 
	"Market" Imposed Waste
	 
	2
	3


Figure 2.  Semi-quantitative analysis of waste Sources

The principal sources/types of waste were:

· product scrapped due to mechanical damage during the manufacturing process (machine/ conveyor jams and pile ups)

· product scrapped due to bad quality (e.g. over/under weight, over/under baked, poor appearance, etc.)

· trimmings scrapped (e.g. pastry, pasta sheet trimmings, bread crusts, sliced tomato ends, etc.) 

· raw material and finished goods packaging waste

· raw material and finished good stock disposals

The above sources of waste are listed broadly in rank order for the study group as a whole. Individual sites could have substantially different rankings, e.g. whilst quality rejects averaged 3.5% (excluding sandwiches) the range was from a moderate 0.5% up to a high 4.5%. Similar spreads were found for each source of waste. The only large waste source common to most sites was that of product damage by machines/conveyors where the range was found to be 2% to 9.5%. This finding is not entirely conveyed by figure 2. as mechanised production may only have formed a part of a site’s production and the grading is for the site overall. Figures 3. and 4. show the relative significance of the largest waste sources by weight and by value. The value rankings are different as packaging waste contains relatively low value whilst scrapped finished packed product contains the highest unit value.
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Figure 3. Pareto of waste sources by weight
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Figure 4. “Pareto” of waste sources by value

Perhaps just as importantly, the study found certain waste sources to be of low significance. Production line drops and spills and even start-up and shut-down waste were not found to be substantial overall. (That said, on one site, there appeared to be a lot of dropped product from a line not within the scope of the study) Also only on one site out of six or seven was waste found to be significant for many of the identified waste sources, namely:

· Raw material stock disposals

· Operator processing errors (e.g. recipe weighing out error)

· Operator handling errors (accidentally dropping, crushing, damaging product)

· Changeovers / cleanouts

This is not to say that there is no value in attempting to improve upon these wastes but simply that in tonnage terms they each represent less than 0.2% of factory output (i.e. potentially up to £2000 value per £1million of  turnover).

Raw material quality rejects was not generally found to be a significant issue except on one site where there was a problem with a particular, major material, tortillas used for wraps. The problem produced waste at over 3% of total factory output, an exceptionally high level given that wraps were not the factory’s main product. This problem would be an ideal improvement project either as a supply chain continuous improvement activity or as a research / technology project all depending upon the nature of the underlying issues.

“Market” imposed waste refers to the waste that arises due to commercial demands or constraints over and above what a manufacturing facility could be expected to cope with. Prime examples are:

· Lack of adequate customer (supermarket) information before and during promotional campaigns to enable a manufacturer to produce no more than is required. Manufacturers are penalised for under-delivery and so must err of the side of over production.

· Customer orders cancelled within hours of scheduled delivery (often an aspect of the promotional campaign issue

· Redundant product packaging due to change in design and the inability to match packaging supply with demand due to the very short customer order notice periods – typically less than 24hours.

· Weather dependent customer demand volatility – can be extreme.

It should be noted that the shorter the supply chain lead time the less waste there is likely to be generated due to demand volatility as manufacturing volumes can more closely follow demand. 

4.2 Causes of the Main Wastes Identified

Figure 5. summarises the conclusions from root cause analysis carried out on each of the most significant waste sources. It should be noted that the lack of a continuous improvement (C.I.) culture appears to be a principal contributing cause to all significant sources of waste albeit that there are other root causes peculiar to each source in addition. It is not practical to separate the effect of each cause without first attempting to resolve the operational opportunities for improvement. The apparent inevitability of some of these other root causes may act as a deterrent to continuous improvement but it is much more likely that the industry’s day-to-day pressures to satisfy last minute customer orders (or else!) is the main factor. 

	Waste Sources
	Most Significant Root Causes
	Opportunity for Reduction

	RM & FG Packaging
	Inevitable for hygiene, handling, and storage
	Waste not readily avoidable.

Recycling could be increased but methods for dealing with mixed wastes / mixed plastics needed.

	
	Limited recycling due to lack of focus, ownership, locally available solutions, misunderstanding of regulations 
	

	
	Lack of C.I. to reduce packaging required
	

	Trim, Crusts, Cuttings
	Inevitable with current technologies and 

natural ingredients
	Crusts and peelings not readily avoidable. Could other commercial uses of crusts be found?

Pastry and pasta trim waste may be partly avoidable. Research may help address pastry rework issues.

	
	Wasteful due to lack of C.I. culture
	

	
	Limited recycling within process due to quality concerns – possible technological impediments
	

	
	Limited commercial sale due to lack of focus, low awareness of industrial symbiosis schemes, and customer (supermarket) reservations
	

	Mechanical damage/ Jams
	Limitations of machinery design
	Significant opportunity for waste reduction.

Hard to say what waste is unavoidable until current operations optimised.

	
	Lack of ownership for problem solving, inadequate performance review – C.I. culture
	

	
	Possible weaknesses in process of commissioning of new equipment
	

	
	Operator training/ capability
	

	
	Economics: against perfecting machinery design; flexibility / capability trade-off
	

	
	Possibly inadequate maintenance
	

	Quality rejects
	Poor process capability (variation in process 

takes some product out of specification) – technology / natural material variation issues
	Significant opportunity for waste reduction.

Some process control issues worthy of further research.

	
	Lack of ownership for problem solving, inadequate performance review – C.I. culture
	

	
	Issues as per mechanical damage/ jams.
	

	Good product disposals
	Poor management processes / lack of C.I.
	Some waste probably avoidable through alternative approach to manufacturing. Pilots suggested to demonstrate value.

	
	High dependence on making to forecasts
	

	
	Supply chain lead times too long
	


Figure 5. Root Cause Analysis Summary

4.3 Opportunities for Improvement (Waste Minimisation)

The endemic root cause for the majority of the avoidable waste is the lack of a continuous improvement culture within the sites concerned. When an organisation has a really strong improvement culture it will have found ways to overcome the impediments to change and learnt how to address its substantial waste challenges. Gradually seemingly unavoidable wastes will have been eroded and the real technical barriers will have been clearly identified. To illustrate this point, on one site there was a person who clearly had a passion for recycling waste and as a result the site sent little to landfill and had found recycling solutions for mixed waste that all other sites considered impossible.

That said, all study sites espoused continuous improvement to some degree or another. Some even had formally appointed continuous improvement managers though generally they had not been in place for long. Some sites had, only earlier in the year, established basic line performance measurement and reviews run every shift. However, this practice did not appear to have been sustained. Some sites were able to provide anecdotes of simple improvements made that had saved many tens of thousands of pounds a year but these appeared to be one-offs rather than products of a clearly defined on-going process.

Continuous improvement was considered to have the potential to address some proportion of the waste in each of the following areas:

· product damage due to pile-ups on lines

· product drops at conveyor transfer points and spillages

· product damage and poor quality production due to machinery malfunction

· poor quality production due to human error

· write-offs of raw materials, work in progress and finished goods

· scrapped trimmings

· energy and water usage

Essentially most sources of waste could be significantly reduced if people at all levels were more committed to continuously addressing waste issues.

4.4 Technical / Knowledge Barriers to Improvement (Waste Minimisation)

Where waste is considered inevitable or unavoidable this indicates natural (laws of nature), technological or knowledge barriers to waste elimination. The aim of any related waste minimisation research activity would be to find the technology or knowledge required to make such waste avoidable in the future. Barriers or potential barriers identified by the study were:

1. the packaging materials that are needed but cannot economically be reused (or recycled as a second best measure)

2. the difficulties in achieving effective in-process measurement and process control

3. the very short shelf life of certain perishable raw materials

4. the inability to rework certain pastries, particularly trimmings which have been in contact with fillings

5. the manufacture of bread loaf ends that are not suitable for sandwich production

6. the difficulty in separating tortillas without damaging them

7. the vegetable and meat preparation trimmings inevitable to achieve quality specifications 

8. the quality issues due to variable performance of natural products

9. the final (economically unrecoverable) residues which need to be purged / washed away for product changeovers or hygiene cleans

10. machinery unreliability or poor repeatability 

11. the inability to make only what the customer requires and no more 

a. given customer notice period shorter than supply chain lead times

b. given extreme demand volatility due to product promotions

c. uncertainty over eventual good production volumes in a campaign run due to all the variability in scrap rates / conversion rates during the campaign

4.5 Summary List of Potential Subjects of Further Study / Research

· Further survey on automated equipment reliability, waste levels, and best practices in design, commissioning, maintenance and operation

· How to achieve spatter-free tray filling / improve lid sealing

· Best practice in scheduling techniques and the application of Lean techniques to reduce lead times and work in progress

· Best practice in continuous improvement

· Industrial symbiosis – commercial outlets for waste 

· Best practices in waste recycling and disposal

· Best practice in packaging design to minimise cost and waste

· Life extension and ability to rework doughs

· Upstream and downstream waste quantification (Ann Norton’s supply chain value stream mapping study could provide useful insight)

· Bread loaf ends minimisation

· Tortilla separation

· Best means of over / under weight avoidance, e.g. through better technology or SPC

· Best means to achieve more consistent baking

· Waste-free slicing of meats (or of any materials which should be entirely usable)

5.0
Action Resulting From The Study

· Two sites improved their waste measurement and reporting processes during the course of the study. 

· Five businesses have expressed an interest in piloting the recommended approach to developing a continuous improvement culture within their operations. These pilots are likely to take place with Defra FTU support so that they can demonstrate the value of the approach to the rest of the industry. 

· The CFA membership are considering starting a club through which members share learning on continuous improvement.
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