Annex 4

Objective 4:  To review the sustainability of current processes for waste food disposal compared with its potential use in animal feed particularly in terms of environmental factors.

Food waste sustainability assessment - Final report
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Summary

i	Reasons

Some 15 million tonnes (Mt) per annum of food waste are produced in England and Wales and about 7 Mt of this at the household level. An assessment of the sustainability of specific options for the recovery of food waste from commercial and industrial sources is required.

ii	Objectives

This Annex provides a high level comparison of the environmental sustainability of reusing selected food waste categories through the pig and poultry sectors with recycling through Anaerobic Digestion (AD). The target food waste categories specified by the contract lead include bakery items, putrescibles, dairy items, and food containing animal by-products (e.g. meat and fish). For the purpose of this assessment mixed catering waste could be considered within this last category as the higher level of treatment requirements these wastes attract could be considered similar. The sustainability indicators considered in the assessment include air and water quality, biodiversity, land-use, natural resource management, ecosystem stress, water consumption, environmental health and greenhouse gas emissions.

iii	Benefits

This study provides data to inform the development of a strategy for improving the resource efficiency of management routes for selected food waste categories. 

iv	Conclusions

Specific categories of waste, which do not contain animal products or by-products can be directly re-used as a feed in the pig and poultry sectors and this route provides a sustainable outlet for this type of food waste. 

The production of formulated animal feed from segregated bakery produce, fruit and vegetables and dairy items is potentially more sustainable route than anaerobic digestion for most of the assessed sustainability indicators. 

For those waste streams that could contain animal material, the cost and energy associated with production of formulated animal feed, which must include an animal by-products regulations (ABPR) compliant step, this option is potentially less sustainable than anaerobic digestion. This is because the latter converts the waste to captured energy and produces an organic digestate that can be used for soil improvement. Anaerobic digestion can be used in parallel with a Combined Heat and Power (CHP) process and this means that the heat and electricity sustainability indicators favour the treatment of all food waste through this route.

Clearly segregated waste streams need to be established to ensure a sustainable option selection for wastes containing animal by-products and those that do not. 

These conclusions are heavily reliant on the source data used in the comparison exercise. Data from a Category 3 rendering process has been used as the basis for animal feedstuff production which requires an ABPR compliant step and this is a particularly resource and energy intensive process. If further data is found for other ABPR compliant process the evaluation could be refined.




v	Recommendations

Further research is required to identify the necessary quantitative data necessary to further refine this broad environmental sustainability exercise and enable a more robust comparison of different food waste recovery routes. 

However, the results of this study are consistent with current understanding in Europe (Bellarby et al., 2012) and it is recommended that a range of options should be considered for the sustainable re-use and recovery of food waste where local conditions make it viable.

Food waste that does not contain animal product may be re-used and fed directly to the pig and poultry sectors with potentially minimal de-packaging, maceration and pulping.  Only source segregated food wastes that can be traced to the point of production should be considered for this route. For these types of food waste this potentially provides a more environmental sustainable re-use option than treatment in an anaerobic digestion plant. 

The production of formulated animal feed from segregated bakery produce, fruit and vegetables and dairy items is potentially a more sustainable recycling route than anaerobic digestion for many environmental sustainability indicators. 

Anaerobic digestion represents the more sustainable route for foodstuffs containing animal products such as mixed catering waste. If the production of processed animal foodstuff is the preferred local option due to transport costs or availability of source feedstock the treatment process must follow Animal By-Products Regulations and codes of good practices as developed by the Advisory Committee on Animal Feeding stuffs (ACAF). 

1. [bookmark: StartHere] Introduction

Prior to 2000, the feeding of catering waste and former foodstuffs to pigs was a traditional practice carried out in many EU countries. However a severe outbreak of Foot-and-Mouth disease in 2001 led to the UK prohibiting the use of catering food wastes as animal feed. This was subsequently reflected in the enactment of the EU Animal by-products legislation (EC 1774/2002; now replaced by EC 1069/2009). Under current restrictions there are a number of options for recycling, recovery and disposal of food waste streams that comply with the Animal By-products Regulations. Article 4 of the revised European Union (EU) Waste Framework Directive (Directive 2008/98/EC) sets out five options for managing waste. These are ranked according to increased resource efficiency with landfill disposal as the least sustainable option at the base of the hierarchy, below recovery and recycling, and waste prevention at the top. For food waste, landfill is still a commonly employed option and recycling and recovery options are available. Defra (2011) states that for food waste, anaerobic digestion, is preferable to composting and incineration with energy recovery. 

A better option would be to prevent food being classified as waste in the first place. For example, some organic by-products from the Food and Drink industry are used for animal feed and are not classified as a waste. These were used as an example to assess the sustainability of categories of food waste in this study. Generally, applying the waste hierarchy should lead to the waste being dealt with in the most resource-efficient way and the decision-making process is easy, fast and cost effective (JRC IES, 2011). Furthermore, it should be stressed that landfilling of biodegradable waste is an option that can only be employed as an interim solution as European legislation will progressively divert more and more organic matter away from landfills (Directive 1999/31/EC).

This annex contains a high level qualitative assessment of the sustainability of recycling food waste through the livestock sector (in particular poultry and pigs) and recovery to anaerobic digestion (AD). A methodology to assess the environmental sustainability of these two options comparing available indicators published by the scientific community with landfill as a base scenario has been developed. The assessment takes the form of a simple comparison matrix. 

The scope of this study was to assess the sustainability of re-use and recycling options for food waste occurring at the end of the food chain which can be affected by retailer and consumer behaviour. The project scope does not include food losses that occur throughout the supply chain during production and post-harvest (Parfitt et al., 2010). 

The qualitative assessment of the environmental risks posed by three possible food waste management scenarios is based on: 

· Food waste used solely for AD
· Food waste used solely for animal feed
· Food waste split between AD and animal feed with categories of food waste allocated where it is the most sustainable feed i.e. an assessment of optimum use.

The following environmental sustainability factors have been assessed :

· Air quality
· Water quality
· Biodiversity
· Land use
· Natural resource management
· Ecosystem stresses
· Waste and consumption pressures
· Environmental health
· Greenhouse gas emissions

Four generic categories of food waste have been used in this assessment and include:

1. Bakery items (with and without animal related ingredients e.g. gelatine);
2. Putrescibles (vegetables, salads and fruit);
3. Dairy items (including milk); and
4. Animal by-products – meat and fish (cooked and raw) which for the purposes of the sustainability assessment is assumed to include mixed wastes such as catering waste.

This assessment of food waste recovery options is focused on the use of source segregated waste from the food manufacturing industry and retail chains rather than detailed review of mixed municipal waste stream, catering or hospitality waste. This choice is led by the fact that measures needed to avoid interspecies contamination seem most practicable in the manufacturing and retail sectors where large amounts of single ingredients are handled in a structured fashion and controls can be implemented and monitored. For clarity, the sustainability assessment carried out in this annex for both AD and animal feed production processes has assumed that due to nutritive, practical and commercial considerations/ arrangements, different food waste types would be collected either separately (e.g. milk/milk products from dairy production) or in combination (e.g. bread and vegetables from supermarket operations) and then processed in each animal feed production facility as a blend of various food types. The food wastes assessed are considered to be “source-separated” whilst the process is likely to produce a “mixed” waste stream for processing. Conclusions drawn from this assessment could be influenced by external variables such as the purity of the source separated waste which would affect the degree of processing needed to make sure interspecies contamination is avoided. In other words, if the waste is not as pure as has been assumed for this exercise, additional measures will need to be implemented and so the process could have a larger environmental impact. 

Note:  It has been assumed that a mixed waste could potentially include animal-by-products and would therefore require similar level of treatment as specific meat and fish wastes. 

In 2011, less than a third of AD plants in the UK treat solely food wastes derived from a variety of sources (68 waste fed, farm fed or food fed plants out of 214 according to WRAP in 2011). In 2008, household waste was composed of circa 25% of food waste material which equates to around 8.3 Mt (WRAP, 2010b). Some of this food waste is composted although there has been a concerted move to divert this as a suitable feedstock for AD to produce energy and an organic digestate which can be used as a fertiliser or soil improver. Although the number of non-water company AD plants in the UK is increasing, the majority of current ADs are farm-fed digesters treating wastes derived on site and or from neighbouring establishments depending on their environmental permit. In July 2012, there were around 78 AD sites in the UK, of which 48 utilised waste feedstock including bakery, putrescible and dairy categories. However although there are many more AD plants in planning, the current infrastructure in the UK is deemed to be insufficient to accommodate treatment of all the available food waste (NNFCC official biogas map (2012), Defra AD strategy (2011)).

Food wastes containing material of animal origin and those wastes where handling arrangements may have brought them into contact with such products will be subject to the EU Animal by-products legislation enforced by the Animal By-Products Enforcement (England) Regulations 2011 (with similar legislation in rest of UK) and subject to regulated disposal methods. The manufacturing and retail sectors produce food waste where different component food types can potentially be segregated (although this is not always undertaken) ensuring that contamination from animal by-products is avoided or at least minimised greatly.

Only published data from AD facilities, rendering processes and retailers of livestock feed has been used. Insufficient information in the scientific literature on UK practice means that the environmental sustainability assessment for both AD and the production of animal feed for pigs and poultry is subjective and relies on international experience where processes and waste management are not identical and limit the comparison with those processes operating in the UK. 

[bookmark: _Toc334110349][bookmark: _Toc334174309][bookmark: _Toc334603194][bookmark: _Toc334113833][bookmark: _Toc349208320][bookmark: _Ref331686051]2. 	Food Waste Categories
 
2.1 Introduction

Two sources of feedstock are considered in this study, commercial food waste generated from the retail sector (e.g. supermarket, market, convenience store) and food waste generated by the food manufacturing industry (e.g. preparation of ready meals, pet food, apple pulp from cider production, and cheese production). In this report, the definition of waste follows the recommendation of the EC (COM (2007 59 Final)) which states that “In EU waste law, notions such as by-product or secondary raw material have no legal meaning – materials are simply waste or not”. The first category is referred subsequently to as “trade facilities” and the second “food processing facilities”.

Four categories of food waste (bakery items, fruits and vegetables, dairy items and waste containing animal by-products) have been selected for the comparison of end-use environmental sustainability. These have been selected to account for major differences in characteristic composition, sustainability of the feedstock, a requirement to meet ABPR and most importantly the need for source segregation. Embodied energy and embodied water have not been considered in this study due to the large variation in the value depending on the source and transport type of the product. Embodied energy and water will be the same at the start of the analysis when food is “wasted”. Furthermore, the concepts of embodied energy and water do not necessarily relate to the energy or water that is available for the production of feedstuff or AD input feed.

It has been assumed that the segregation of each category of food waste is feasible at the point where the food waste is generated. Where the food waste may contain or has been in contact with meat and fish, the entire waste stream is handled as ‘containing animal by-products’. This would be valid for kitchen waste, mixed food waste or catering waste though only data for meat and fish has been researched and considered for this category.
[bookmark: _Toc334110350][bookmark: _Toc334174310][bookmark: _Toc334603195][bookmark: _Toc334113834][bookmark: _Toc349208321]
2.2 Literature review

Scientific literature, research projects undertaken by Defra or WRAP and industry information on treatment plants and processes were evaluated as part of the literature review. The majority of publications were not specific to a food waste category and so assumptions have been made to assess the sustainability of each selected scenario as described below.

2.3 [bookmark: _Ref332127259][bookmark: _Toc334110351][bookmark: _Toc334174311][bookmark: _Toc334603196][bookmark: _Toc334113835][bookmark: _Toc349208322]Bakery items

Waste bakery items comprise a range of products including bread, cakes, pastry and biscuits, pasta, chocolate, sweets and similar products (e.g. breakfast cereals) which are not suitable for entry into the food chain. Reasons for quality failure include over baking, poor appearance, being underweight and in the case of trade facilities waste, damage and exceedance of ‘use by’ date.

These products may contain a range of additive ingredients including rennet, melted fat, milk, milk products, flavourings, egg, honey, flavourings and gelatine of non-ruminant origin. Provided that these products do not contain, and have not been in contact with raw eggs, meat, fish, and products or preparations derived from or incorporating meat or fish, these products are potentially suitable for feeding to livestock. Where they have been in contact with raw eggs, meat, fish, and products or preparations derived from or incorporating meat or fish, or, where handling arrangements may have brought them into contact with such products, this waste will be subject to enforcement under the Animal By-Products Regulations (2011, relevant England, Wales, Scotland and Northern Ireland regulations) and to strict controlled disposal methods.

Bakery waste from commercial facilities are largely received as wrapped items (SAOS, 2009) and processing typically involves de-packaging and grinding. The preparation of these products involves three stages which are common to both livestock feed production and anaerobic digestion:

Collection into dedicated bins
Transport
De-packaging/shredding

2.4 [bookmark: _Toc334110352][bookmark: _Ref331688162][bookmark: _Toc334110377][bookmark: _Toc334174312][bookmark: _Toc334603197][bookmark: _Toc334113836][bookmark: _Toc349208323]Animal by-products (ABP)

Animal by-products are secondary products from livestock production and meat industries that can account for up to 50% of the live weight of the animal. ABP are classified by European legislation into three categories:

Category 1:  includes animals or body parts infected with or suspected of being infected with TSEs. Materials of this category must be disposed of by combustion, either before or after rendering.

Category 2:  includes materials such as fallen stock, manure and digestive tract content. These can be used for composting, biogas production or to manufacture fertiliser, following rendering.

Category 3:  includes part of slaughtered animals fit for human consumption or unfit but with no transmissible diseases.

Certain category 3 materials such as raw meat that has passed meat inspection but is not intended for human consumption or waste from food manufacturers and retailers can be used for the production of pet food. The most common treatment for these materials is dry rendering. The process stages for category 3 materials were obtained from the National Renderers Association (NRA):

Collection into dedicated bins
Transport
De-packaging/shredding
Cooking
Pressing to separate press-cake and press-water
Decanting press-water to remove solids
Centrifuging the liquid to separate water from oil or fat
Evaporation of stick-water
Drying of press-cake, solids and solutes after evaporation
Air/odour management: scrubbing, thermal oxidation

[bookmark: _Ref331063763]The condensate produced during rendering is sent to wastewater treatment and non-condensable gases are treated to destroy odours (Ramirez et al., 2012). The dry material is sent to a press where the liquid (fat) is separated from the solid. The solid is ground to obtain the protein meal and the liquid directed to a filtration process to obtain rendered fat. The solid product is referred to as processed-animal-proteins (PAP), while the rendered fat is referred to as mammalian rendered fat (MRF). The PAP is used for pet food and the MRF can be recycled to the process to be burned to provide the process heat used, used by the oleo-chemical industry, or used as a biofuel. The process described above is a continuous dry rendering process and represents the most commonly utilised rendering process (Meeker, D. L. 2006). The data presented in this report for the assessment of the sustainability of the rendering process refers to the work of Ramirez et al. (Ramirez et al., 2012) where the rendering process is referred as “Category 3 rendering”.

To be suitable for use in anaerobic digestion an ABP stream would have to undergo the same treatment to adjust its characteristics as described in paragraph 2.3. In addition, any AD process accepting ABP streams must include a pasteurisation step either before or following digestion in line with their ABPR permit requirements. Approved operations are able to treat mixed food and catering wastes to specified standards.  

2.5 [bookmark: _Ref331692848][bookmark: _Toc334110378][bookmark: _Toc334174313][bookmark: _Toc334603198][bookmark: _Toc334113837][bookmark: _Toc349208324]Fruit and vegetables

Fruit and vegetables waste can be derived direct from the grower or from supermarkets and food retailers. As with bakery waste, some of the material is discarded at source as it fails to reach necessary quality criteria for the retail market. Food waste will be generated during food processing, for example during the manufacture of ready meals and tinned. A further source of food waste is derived from the supermarkets and food retailers when it exceeds ‘best before’ and ‘use by’ dates. Finally, consumers will generate food waste that could be eaten but people choose not to.

This waste stream is suitable for both animal feed production and anaerobic digestion. By-products of the fruit and vegetable industry are commonly used in animal feed production (Elferink et al., 2007 and Straights Direct, 2012), and although not classed as food waste, their physical properties are comparable to fruit and vegetable food waste. By-products are potentially waste that have been established as passing end-of waste criteria as in EU waste law, notions such as by-products or secondary raw materials have no legal meaning – materials are simply waste or not. However, EC guidelines indicate what would be considered by-products or not. Data are available regarding the sustainability of this type of by-products and these have been used to assess the sustainability of fruit and vegetable feedstocks.  Segregated collection is required to avoid contamination with animal by-products where intended for animal feeding. For the most part, collection for processing would require transport, de-packaging and shredding. Onward processing will be dependent on feedstock characteristics. Most of these by-products are dried to reduce their moisture content and ground. Some of them (such as citrus pulp, sugar beet and sunflower) are also pelletised for ease of transportation.

The processes involved in the treatment of fruits and vegetables are:

Collection into dedicated bins
Transport
De-packaging/shredding

The production of citrus pulp pellets has been used as a worst case scenario process in terms of its water content. The whole fruit has on average 82% moisture content (Grant, 2007) which is reduced to 11% moisture content following juice extraction. Calcium (from limestone) or sodium hydroxide is usually added to neutralise the low pH.

2.6 [bookmark: _Toc334174314][bookmark: _Toc334603199][bookmark: _Toc334113838][bookmark: _Ref347308272][bookmark: _Toc349208325]Dairy products

Dairy waste streams include unprocessed milk, whey from non-heat treated milk and dairy based food such as cheese, yoghurt, butter, cream and ice cream and other milk products. 

Dairy products can be used as feed for farmed animals providing specific conditions are met. Processing plants supplying products with a minimum content of 80% milk or milk-product - and the farms that use them for feed must be registered with Animal Health Veterinary Laboratories Agency (AHVLA) (Defra website, accessed July 2012).

The processing of these waste products for animal feed production or anaerobic digestion involves the same stages described for vegetable, fruit and bakery items. The food source is rich in fat and protein and represents a high calorie animal feedstock and high potential biogas production in an anaerobic digester.

The processes involved in the treatment of diary items are:

Collection into dedicated bins
Transport
De-packaging/shredding.

3.	Food Waste Management Options Within Scope of Study

The management options for food waste have been assessed using a step-wise approach and the limitations of the study are described as illustrated in Figure 3.1. 

The example of a ’food processing facility’ treating a ‘fruits and vegetables’ category is used to clarify the approach that could be used as food waste presented in Figure 3.1. A cider factory would be counted as a food processing facility using apples to produce cider which is then transferred as a product to the food retail facility. The process will also generate a fruit pulp residue. This residue could be incorporated in cereal bars for human consumption or treated by a food waste processor for production of animal feed or sent for treatment at an AD facility. Though this may be considered by the food processing facility as a by-product and not food waste, the classification of the pulp residue will depend on its end use. Likewise the cider at the ‘food retail facility’ may also be considered a waste where it has passed a ‘use-by-date’ or for other reasons which may include damaged packaging. 

In completing the environmental sustainability assessment we have considered waste streams being produced at all points in the food chain. In the case presented above, the water content is a key difference that is creating a larger volume to transport and will also affect the intensity of the treatment (drying) required for an efficient process operation and resulting animal feed or AD feed. The assessment of the differences using sustainability indicators for each waste type and for each end constitutes the sustainability assessment.

[bookmark: _Toc234847295][bookmark: _Ref334111242][bookmark: _Toc334174349][bookmark: _Toc334112387][bookmark: _Toc349208348]Figure 3.1.  Flow chart of the food waste scenarios.
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The literature search was performed using a bottom up and top down approach looking at food waste produced being reused and recycled and for the production of food stuff from a product point-of-view looking at the materials used by the industry.

The first literature search was performed for the impacts on sustainability indicators, when comparing the four waste categories and how they were processed. The comparison of the two selected end processing scenarios produced datasets largely based on rendering, drying, grinding and pelletising (processes typically involved in the production of animal feed). This data was used to provide a comparison with AD. The different types of food waste categories have been assessed subjectively in order to compensate for the lack of specific data based on their inherent characteristic as describe in Section 2.3 to Section 2.6.

Due to the lack of data in scientific literature specifically addressing the food waste categories assessed in this study, research was undertaken on how animal feed was currently produced. It showed that “food waste” considered as by-products were used by feed-stuff producer and established how food processing facilities were currently dealing with their waste stream. The outcome from assessing the sustainability of current practices for each specific waste stream was used to derive its sustainability matrix. 

Food waste processors are currently obtaining feedstock for animal feed from extremely well segregated or specific food processing facilities. These include wastes and by-products from the food industry including fruit, vegetables, grains and cereals such as citrus pulp, barley distillers, malt residuals, brewer’s grains, full fat soya, maize distillers, maize gluten, malt residuals, palm kernel, rapeseed meal, sugar beet, sunflower, wheat. 

Due to the nature of the feedstock, source of the feedstock, contractual arrangements, inoculum type, digestion temperature and other process conditions, the inputs to an anaerobic digester will vary from plant to plant. An optimal feedstock is difficult to quantify but will commonly require a mix of food waste components that may come from a single source or a mix of sources to provide the right balance of nutrients, trace elements and basis carbon and nitrogen components. All commercial anaerobic digestion processes are ABP regulated and can therefore accept a more versatile range of feedstock than many of the UK farm-fed AD systems. 

The key parameters for an optimum AD process which are related to the nature of the feed are summarised below (Franckx L. et al., 2009):

the optimum C/N ratio in anaerobic digesters is between 20 and 30;
retention time (RT): it represents the time the feedstock spends in the digester: the longer, the better. The rate of the reaction is not constant, but decreases with increasing residence time. The “optimal” retention time depends on the feedstock and the operational parameters (in particular temperature);
water content (some so-called "dry processes" run on solid substrates, i.e. with dry matter (TS) content between 15 and 45%);
content of lignin in waste which should not pose a problem for food waste but will prevent optimum AD process when collection system are allowing a mixture of food waste and green waste.

The C/N ratio has been determined for a number of food waste categories though this will vary on the methods used for the analysis (WRc, 2011). Fruit wastes range from 20 to 50, vegetable wastes range from 11 to 19, slaughterhouse wastes (which has been assumed to represent the ABP category) range from 2 to 4 and food wastes (as a general mixture) range from 14 to 16.

Input feedstock characteristics are controlled to avoid upsetting the biological system. There is a need to acclimatise the seed inoculum to a certain mix or type of substrate so as to ensure minimal fouling, odours, digestate stability and optimal biogas yields over the operational hydraulic retention time along with a consistent digestate for recycling to land. 

Feedstuffs are produced with a range of nutritive values balanced to match the requirements of different animal species. Feed ingredients can be whole crops (e.g. wheat, maize, peas, soy beans) or by-products from processed food crops (e.g. pulp, milling products). Each component feed ingredient differs in its nutritional value. The nutritional requirements of livestock are driven by the need to produce energy and include: amino-acids, carbohydrates, lipids, macro minerals, vitamins and trace elements (Elferink, 2007). The dietary requirements of the livestock sector are met by mixing food waste streams derived from different sectors of the manufacturing and retailing industry to produce an animal feedstuff. 

An example of animal feed based on bakery industry by-products is provided in Table 3.1. The biscuit meal formulation (Straights Direct, 2012): is made up of bakery and confectionery by-products which are blended with carriers ground and sieved to make a free flowing meal. Feeding recommendations from Straights Direct indicate this biscuit meal could be used for poultry up to 7.5% of total ration and for pigs over 10 kg up to 20% of total rations. The corrected metabolised energy provided by this meal biscuit is 15.8 MJ/kg DM.

[bookmark: _Ref334111561][bookmark: _Toc334174340][bookmark: _Toc334112378][bookmark: _Toc349208339]

Table 3.1.  Composition of biscuit meal by Straights Direct (Straights Direct, 2012).

	Biscuit meal ingredients
	

	Products from the Bakery and Pasta Industry
	26.7 %

	Products from Breakfast Cereal Manufacture
	23.3 %

	Wheat Feed
	16.7 %

	Sugar - products from the Confectionery Industry
	13.3 %

	Products and by-products from the Savoury Snacks Industry
	11.7 %

	Cake products from the Confectionery Industry
	5.0 %

	Biscuit products from Bakery and Pasta Industry
	3.3 %



This study provides a very high level assessment using published literature. It uses as a starting point the food waste generated by food processing facility and food retail facility. This study assumes that food segregation is feasible in both cases though the increase in the amount of resource usage to perform this segregation is not quantified in this study. 

4. Evaluation Indicators

Evaluation indicators which establish the sustainability of waste food categories described in Section 1 were assessed using the boundaries and processes defined in Section 3. Each evaluation indicator (energy use, water quantity and quality, resource management, greenhouse gas emissions, land use and air quality) is discussed following the mass flow diagram in Figure 3.1 and differences between food waste categories are described.

4.1 [bookmark: _Toc334110404][bookmark: _Toc334174317][bookmark: _Toc334603202][bookmark: _Toc334113841][bookmark: _Toc349208328]Energy use

The energy used to process food waste for animal feed production and AD comprises both thermal energy and electricity inputs and outputs. 

The thermal energy and electricity consumption of an ABP rendering process (Ramirez et al. 2012) are summarised in Table 4.1. AD process energy use was considered to be 486kWh/t.

[bookmark: _Ref331687711][bookmark: _Toc334110417][bookmark: _Toc334174341][bookmark: _Toc334112379][bookmark: _Toc349208340]Table 4.1.  Amount of heat and electricity consumed in an ABP rendering process.

	Product flow
	Units
	Amount
	Variability
	Number of samples

	PAP* produced
	Kg PAP/kg ABP in
	0.33
	5%
	6

	Heat
	kWh/t
	382
	2%
	3

	Electricity
	kWh/t
	104
	3%
	3


      *processed animal proteins

Both heat and electrical energy are produced from the combustion of natural gas and of Category 1 ABP which cannot be used to produce livestock feed (see section 2.4) this has implications on GHG emissions as discussed in Section 4.4. 

The processes commonly required for the treatment of bakery items and fruit and vegetables are drying, grinding and pelletising (sections 2.3 and 2.5). The impact from the production of pellets when using wet raw materials is largely inﬂuenced by the water content of the source material and specification of the end-product. 

In some circumstances, bakery items, fruits and vegetables may simply be de-packaged and macerated prior to feeding to the pig and poultry sector. In this instance the energy use will be significantly lower than other food waste management methods (formulated animal feedstuff, AD or landfill). For dairy items, the high liquid content of the source material is better suited to liquid animal feed or to increase the water content of AD feed. Where dairy items are used as part of an animal feed stuff processing plant for meal product, the energy requirement would be higher.

Although no scientific literature has been found on the specific quantity of heat and power required for the pelletisation of putrescible and bakery items, the figures reported for the pelletisation of other organic materials with high moisture content could be used to predict the order of magnitude of the heat and power needed. A study on the pelletisation of wood reports figures presented in Table 4.2 for the heat and electricity required during drying, grinding and pelleting (Thek, 2004). The raw material was sawdust with a moisture content of 55%. The data is based on a production of 24,000 tonnes of pellets per year. All the figures are reported in kWh per tonne of feed produced and can be compared to those reported for ABP rendering (Table 4.1) and AD (Table 4.3) (as an additional source of information).

[bookmark: _Ref334112015][bookmark: _Toc334110418][bookmark: _Toc334174342][bookmark: _Toc334112380][bookmark: _Toc349208341]Table 4.2.  Heat and power required for the processes of drying, grinding and pelleting of wood with 55% of moisture content (Thek, 2004).

	Process data
	Unit
	

	Drying data

	Dryer type
	
	Tube bundle drier – steam water 

	Required electric power
	kWh/t
	424

	Heat demand for drying
	kWh/t ev. water
	182

	Grinding data

	Grinder type
	
	Hammer mill

	Required electric power
	kWh/t
	401

	Pellet mill data

	Pellet mill type
	
	Ring die pellet mill

	Required electric power
	kWh/t
	850

	Cooling data

	Cooler type
	Counterﬂow
	Counterflow cooler

	Required electric power
	kWh/t
	66



Table 4.3 summarises the heat and electricity consumption for an AD process reported by Biocycle South Shropshire Ltd (now Biogen Greenfinch) who ran a pilot demonstration facility over a three year period as part of the Defra New Technologies Demonstrator Scheme between 2004 and 2009 (Arnold et al., 2010). The information provided was for reporting period of one year. The feedstock for this project included source-separated household food waste, commercial supermarket food wastes, frozen foods from a local distributor, cheese and dairy wastes from local processing companies and catering wastes from around sixty participating restaurants and food outlets in Ludlow. Data to quantify the proportion of each waste type is not available, but the water content of the AD feed was on average 63 g.g-1 (Average DM in g.g-1 for domestic waste source is 0.277and 0.278 for commercial). 

[bookmark: _Ref331688883][bookmark: _Ref336249935][bookmark: _Toc334110419][bookmark: _Toc334174343][bookmark: _Toc334112381][bookmark: _Toc349208342]

Table 4.3.  Amount of heat and electricity consumed in an AD facility.

	Parameter
	Unit 
	Value

	CHP electricity
	kWh/t
	9.58

	Rest of plant electricity
	kWh/t
	59.12

	Total parasitic electricity
	kWh/t
	68.70

	% of total electrical output
	
	30.4

	Heat requirement to raise feedstock temperature
	kWh/t
	51.49

	Heat requirement for pasteurisation 
	kWh/t
	38.29

	Heat requirement to maintain tank  temperatures 
	kWh/t
	23.62

	Total parasitic heat  
	kWh/t
	113.4

	% of recoverable heat
	
	30.3



The electricity is used as part of the plant operations for electrically powered equipment including the raw waste shredder, macerators, feed pumps, biogas compressor pumps, CHP and boiler water feed pumps, belt press, air filtration and minor ancillary equipment such as conveyors. Surplus electricity is exported to the grid. 

Comparing AD and rendering processes, it can be concluded that in this example the energy consumption during AD processes (182 kWh/t) compared to category 3 rendering processes (486 kWh/t) is between 1.5 and 3 times less as well as any of the processes involved in the treatment of bakery items, fruits and vegetables. It would appear that there could be more heat wastage with rendering than with AD which is able to re-use around 30% of the generated heat during the process in addition to electricity for normal operation. Therefore compared to AD, the impact of food waste processing for livestock feed production is  larger. Due to the lack of data related to the pre-processing of food waste categories, the energy comparison of 182 kWh/t for AD is a worst case assumption. Some food wastes, e.g. food waste requiring high heat rendering, used in animal feed production may actually require a more comparable energy intensive process to AD.

For dairy products containing large water content (>87%), the production of liquid feed stuff would require less energy and water than AD (Takata et al., 2012). It is suggested that this criteria will be best met at a food processing facility with a clear audited food waste stream resulting in a more sustainable indicator value than AD. 

4.2 [bookmark: _Toc334113842][bookmark: _Toc334110405][bookmark: _Toc334174318][bookmark: _Toc334603203][bookmark: _Toc349208329]Water quantity and quality

The water quantity and quality indicator is characterised by the amount of water used within the process, in addition to the amount of wastewater produced requiring treatment and/or disposal. The quality of water that would be produced by the different food waste management routes takes into account any potential contaminants that may be contained in the water being processed and disposed.

The rendering process consumes water in the cooking process and produces condensate water that goes as wastewater to water treatment. Table 4.4 details the water use for a rendering process (Ramirez et al., 2012).

[bookmark: _Ref331690737][bookmark: _Toc334110420][bookmark: _Toc334174344][bookmark: _Toc334112382][bookmark: _Toc349208343]

Table 4.4.  Water used and wastewater produced by the category 3 rendering process (Ramirez et al. 2012).

	Product flow
	Units
	Amount
	Variability
	Number of samples

	PAP produced
	kg/kg
	0.33
	5%
	6

	water use
	m3/t
	1.65
	29%
	3

	wastewater
	m3/t
	1.74
	52%
	9



The AD process primarily utilises the inherent moisture in the food waste and water released in the breakdown of organic material. Biocycle South Shropshire Ltd reported a water input of 0.379 m3 per tonne for their AD process. As with the Ludlow and most AD processes, the wastewater is re-circulated back into the digester or pasteurisation tanks hence lower volumes of total water input required. 

Managed landfills require water to increase the waste moisture content to an operational content of at least 40% and, during operations, add water for the hydrolysis and biologically mediated oxidation reactions to sustain microbial activities. The minimum amount of water required to satisfy stoichiometric requirement is 0.518 m3/t (Law et al., 2011).

Based on these figures we can conclude that process water use is higher for the production of animal feed from a category 3 rendering process than for AD or landfill. However, most of the water in the rendering process is used for the cooking stage of animal by-products that would not be required for the other types of food waste (i.e. non ABP) being considered. For ABP food waste category, the water use for category 3 rendering process is higher for animal feed production (1.65m3/t) when compared to the AD process (0.379m3/t). For the other food waste categories, the amount of water used in the treatment has been considered equal. The water quality and quantity emitted wastewater from AD or slurry from animal feed production to be treated have been considered equal. 

4.3 [bookmark: _Toc334110406][bookmark: _Toc334174319][bookmark: _Toc334603204][bookmark: _Toc334113843][bookmark: _Toc349208330]Resource management

The analysis of the resource management sustainability indicator is limited to the use of chemicals in the two chosen scenarios.

Ramirez et al., (2012) reported resource use for the category 3 rendering process as detailed in Table 4.5.  These included quantities of chemicals used at various process points. 

[bookmark: _Ref334110425][bookmark: _Toc334110421][bookmark: _Toc334174345][bookmark: _Toc334112383][bookmark: _Toc349208344]Table 4.5.  Chemical use in ABP rendering process.

	Product flow
	Amount
	Variability
	Number of Samples

	PAP produced
	1.65x1010 kg
	5
	6

	Chemical use

	sodium hypochlorite
	15000 kg
	114
	3

	sodium hydroxide (caustic)
	5000 kg
	52
	3

	sulphuric acid
	5000 kg
	54
	3

	various boiler, cooling tower
and cleaning chemicals
	55000 kg
	-
	3



It has not been possible to identify similar information for the AD process. However in terms of resource use, anaerobic digestion by its nature is a biological process and will require limited chemicals during operation (e.g. calcium oxide, calcium hydroxide, anhydrous ammonia, ammonium hydroxide, sodium carbonate, sodium bicarbonate, sodium hydroxide). Other natural resources that may be required could include reagents for disinfection, boiling and cooling tower chemicals, addition of macro nutrients, trace elements and supplements to boost digester performance or manage foaming/ fouling, etc. Such information is often proprietary to the technology providers and not readily available. Arnold et al. (2010) report that 18% of the plant operating costs over the reporting period was spent on utilities, fuel and consumables which relates partly to resources and resource management. 

For other natural resources, the use of a secure food waste stream may remove the need for sacrificial use of land to produce biomass crops (See Section 4.5). The re-use of food waste in the production of animal feedstuff will offset some of the quantity of cereals and grains which are specifically grown to feed pigs and poultry. This generates a net benefit on the amount of resources (water, land use, chemicals) required to produce animal feed.

4.4 [bookmark: _Ref332103008][bookmark: _Toc334110407][bookmark: _Toc334174320][bookmark: _Toc334603205][bookmark: _Toc334113844][bookmark: _Toc349208331] GHG emissions

The greenhouse gases emitted during the production of animal feed can be calculated by estimating the emissions from the different stages of the process. This is normally reported as CO2 equivalent. Assuming a typical UK rendering plant using 25% of natural gas, Ramirez et al., (2012) estimated CO2 emission associated with category 3 rendering of animal by-products ranged between 0.15 and 0.50 kg CO2-equivalent per kg of feedstock. This includes the fossil CO2 emitted by combustion of natural gas used to produce the energy necessary for the rendering process and the biogenic CO2 produced by combustion of category 1 mammalian render fat (MRF, a by-product of the process) and Meat and Bone Meal (MBM). MRF and MBM carbon content are biogenic and the CO2 emissions arising from their combustion do not contribute to the net gain of GHG in the atmosphere. If no category 1 MRF/MBM was burned, requiring 100% of natural gas for the energy necessary for the rendering process, the amount of fossil CO2 emitted would be equal to 0.29 kg CO2-equivalent per kg of feedstock. Another study by Ogino et al., (2005) estimates the environmental impact of feeds prepared from food residues in terms of GHG emissions. The food waste is derived from kitchen and food factories. The process in this case involves only a drying stage to produce a dehydrated material used as feedstock for pigs. An average of 1.073 kg CO2-equivalent per kg of feedstock was determined for this study. The emission calculations in this case include the collection of food residues and the production of dehydrated feed. The collection of food residues accounts for 6% of the process, therefore if only the production of feed is taken into account, the CO2 emission is 1.01 kg CO2-equivalent per kg of feedstock. In addition, sending food waste to animal feed avoids part of the GHG emissions incurred during fodder crop production, cultivated primarily for animal feed, and, as a result, also avoids deforestation to provide agricultural land.

The Biocycle South Shropshire Ltd AD demonstrator project (Arnold et al, 2010) reported a gas production of 62.6% methane and 37.4% carbon-dioxide with additional water vapour over the duration of the AD trials. As the basis of an AD process is to generate methane which is then cleaned and converted to electricity and heat, it is not thought that a significant quantity of the methane is emitted. There were also no reports of flaring of the gas into the atmosphere. The CO2 emissions to the atmosphere associated with the AD process over a year’s reporting period amounted to 0.115 kg CO2, 0.069 kg of CH4 and 0.003 kg of H2O per kg of feedstock. The authors then proceed to calculate the maximum amount of CO2-equivalent abatement by considering:

· Methane generation avoided by nonlandfilling of waste.
· Avoided GHG equivalent of uncaptured methane generation in landfill.
· Fossil fuel generation displacement.
· Fossil fuel heat generation displacement as natural gas.
· Offset of artificial fertilisers by substitution with digestate.
· Gaseous emission of carbon from CHP natural gas use.

This results in the abatement of 1.62 kg of CO2-equivalent per kilogram of feedstock which could be fully attributed to the AD scenario. A qualitative comparison with feed to pigs and poultry scenario would generate a lower figure (around 10%) as some part of these abatements cannot be applied to this scenario.

Transport accounts for around 10% of the cost of operating AD plants (Webb, 2007) and will vary depending on the location of the food waste arising with the availability and location of the processing plant. The costs associated with transport are representative of the energy use (fuel and GHG emissions) of the different options. The transport of the food waste to the processing plant (AD or animal feed production) can be considered to be comparable. However, animal feedstuff and digestate from the AD process would need also to be transported to the end-user. The opportunity for AD facilities to produce methane fuelled or electric powered vehicles supporting the collection of food waste and disposal of by-products increases the sustainability of this option. The economy of scale that is required to operate an economical food waste processing facility tends also to favour the supply of food waste to AD. 

In conclusion, using food waste for anaerobic digestion releases less GHG (for carbon dioxide) than recycling processes for animal feed production mainly because of the destruction of methane by the CHP process. The release of GHG for landfill is highly dependent of the type of landfill and how well gas collection is implemented. 450 to 950 kg CO2-eq for landfilling has been compared with 100 to 760 kg CO2-eq for AD (WRAP, 2010a).

4.5 [bookmark: _Toc334110408][bookmark: _Toc334174321][bookmark: _Toc334603206][bookmark: _Toc334113845][bookmark: _Ref347419943][bookmark: _Toc349208332]Land use

As described in section 2.5, fruit and vegetable waste can originate as by-products from the processing of these crops into food products. The impact on land input for the production of livestock feed from potato peelings and sugar beet pulp molasses in the Netherlands has been studied by Elferink and Nonhebel (2008). They found a positive impact on land use compared to traditional livestock feed ingredients such as wheat and soybeans. The study looked at the area of land (in m2) that is related to the amount of pork consumed (in g/day).The environmental impact of pork produced from grain-based feed is always higher than from food residue-based feed. Therefore, feeding food residue to pigs keeps the land use indicator for food wastes low. However, only a fraction of the animal feed can be sourced from food waste (20%) limiting the benefit on the land use indicator. 

Other waste streams derived from food producers and retailers potentially have the same positive impact on land requirement for livestock feed production due to the displacement of other livestock ingredients that would be grown on the land. However, a comparable scenario has not been formally assessed.

Conversely, use of any food waste in anaerobic digestion removes this feedstock from the livestock feed production stream hence eliminating this alternative and increasing the reliance on non-waste products for producing animal feed.

Therefore, when making a comparison between food waste to AD and food waste to animal feed production, it is likely that the operation of AD leads to a less favourable land use impact than animal feed production. However, the overall sustainability impacts have not been quantified by any available studies that consider land use for the different types of crops that are more or less suitable for these two recovery routes. This is the case even where information is available for sugar beet, vegetable oil and potato product industries. 

Land use for landfill when compared to both options (EC, 2001) limits usage for a long period, generally between 30 and 50 years and, even after this period, end uses remain limited.

4.6 [bookmark: _Toc334110409][bookmark: _Toc334174322][bookmark: _Toc334603207][bookmark: _Toc334113846][bookmark: _Toc349208333]Air Quality

Potential indicators of impact on the air quality from processing food waste are dust, bioaerosols and odour. Arnold et al. (2008) consider that odour represents the impact of greatest concern. An odour control system would generally be needed for both anaerobic digestion and production of animal feed especially where a rendering process is required. The processing of some items (i.e. bakery items) may generate reduced odour but they are commonly mixed with other food waste items that may require additional odour control.  The extent of any air quality impact will depend on the way the food waste is managed at the reception facility. 

Meat and fish waste rendering  potentially generates more odour issues than the processing of other food waste categories considered, This is due to the presence of trimethylamine and its oxide in fish, and to a lesser extent in meat, which  degrade and produce a strong odour). 

Landfill is also subject to odour issues due to the production of chemicals such as sulphides and ammonia, which are the most common sources of odour in landfill gas. 

AD facilities, due to enclosed activities, have the advantage of being able to control odours more efficiently than any of the other options.

5. Sustainability Assessment

The assessment of the environmental sustainability of the three selected scenarios are summarised in a matrix assessment table. The limits and scope of the study described in Section 3 are summarised below.

· Food waste categories are “produced” and the origin of the food waste is not taken into account other than its collection location (i.e. processing facility or retailer). 
· Food waste is collected and transported.
· Categories of food waste in scenario 1 are used to make feed stuff for pigs and poultry and sent to farms. Note that some food waste categories (fruits and vegetables, bakery items and dairy products) will not need much pre-processing prior to feed production, for example they may not need a heat treatment, hence the environmental impact will be lower. The environmental impacts of processing animal feed from these latter categories are therefore lower than for wastes containing animal by-products.
· Categories of food waste in scenario 2 are transformed and are treated through AD with CHP.

Using the approach and data presented in this report the environmental sustainability of our target treatments have been compared to landfill disposal and with each other. Scenario 1 (Table 5.1) provides an assessment for using food waste in animal feedstuff for the pig and poultry sector compared to landfill. Scenario 2 (Table 5.2) provides the assessment for treating food waste with AD compared to landfill.

Scenario 1 and 2 sustainability indicators are compared against each other (Table 5.3) but the result of the assessment has, in some cases, been modified to take into account specifics of each scenario as described in more detail in Section 4. Table 5.3 identifies the optimum treatment with minimum environmental impact. Where impacts are equal, the choice between animal feedstuff production and AD will largely depend on economic factors that are individual to a specific set of local conditions (e.g. distance from source to feed and amount of feed to be processed).
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[bookmark: _Toc334174346][bookmark: _Toc334112384][bookmark: _Toc349208345]Table 5.1.  Scenario with 100% food waste for animal feed compared to landfill.

[image: ]

Scores are given as follow: 

++	Substantial benefits
+	positive impact
0	no impact
-	negative impact
--	Substantial disbenefits
=	balanced impacts Feedstuff vs landfill
?	unknown impacts

Note that indicators should not be summed to produce a unique sustainability indicator as they differ by nature and a positive impact from one does not compensate for a negative impact.
[bookmark: _Toc334174347][bookmark: _Toc349208346]

Table 5.2.  Scenario with 100% food waste to AD compared to landfill.

[image: ]

Scores are given as follow: 

++	Substantial benefits
+	positive impact
0	no impact
-	negative impact
--	Substantial disbenefits
=	balanced impacts AD vs Landfill
?	unknown impacts

Note that indicators should not be summed to produce a unique sustainability indicator as they differ by nature and a positive impact from one does not compensate for a negative impact.
[bookmark: _Ref334426323][bookmark: _Toc334174348][bookmark: _Toc334112386][bookmark: _Toc349208347]

Table 5.3.  Overview of the most favourable scenario for the utilisation of food waste.

 [image: ]

AD: Sustainability indicator favoured with the use of this category of food waste through anaerobic digestion

PP: Sustainability indicator favoured with the use of this category of food waste for pigs and poultry

AD/PP: Sustainability indicator equally affected by the use of this category of food waste for pigs and poultry or through anaerobic digestion


6. Conclusions and Recommendations

6.1 [bookmark: _Toc334110412][bookmark: _Toc334174325][bookmark: _Toc334603210][bookmark: _Toc334113849][bookmark: _Toc349208336]Conclusions

The following conclusions can be drawn from this study:

Data availability:  The robustness of suitable data to evaluate the environmental sustainability of utilising food waste within AD or as a feedstsuff for the pig and poultry livestock sector is poor. The literature is either very generic (food waste with no compositional data) or so specific that it does not allow for a consistent comparison in the sustainability analysis. A major constraint is the lack of data surrounding animal feed production from food waste other than that pertaining to rendering which is a highly specific process for processing animal waste and by-products. Acquiring good quality data for other methods of animal feed production (i.e. de-packaging and macerating) is critical to improving the quantitative nature of this environmental sustainability assessment.

Water and energy consumption:  The sustainability indicators for water quality and energy consumption show some marked differences for AD and animal feed production. Although rendering has a higher water and energy consumption in addition to producing more wastewater than AD, this process is only required for waste containing animal by-products. The processing of commercial and retail by-products and food waste not contaminated with animal items consumes higher amounts of energy and heat when compared to AD. However, it has negligible water consumption and their impact on the indicator “water quality” can be considered positive when compared to landfill. 

In terms of energy consumption, AD is favoured over animal feed production due to the offset of overall energy use by the production of electricity and heat with the addition of a CHP process. The direct re-use of non-animal product containing food waste to the animal sector with only depackaging and maceration would use the least water and energy.

Land use:  This indicator, on the basis of available data, shows that animal feed is a more favourable end route for food waste than AD. The recovery of this waste stream offsets the large amount of land required to grow feed in the first instance. There is no land burden associated with food waste.

Resource management:  For treatment processes that do not require an ABPR treatment step, the quantity of chemicals used in animal feedstuff are likely to be lower than for AD. The re-use of food waste in the production of animal feedstuff will lead to a reduction in the quantity of chemical fertiliser required to grow cereals and grains to directly feed pigs and poultry. Indirectly, the addition of meat and fish waste to animal feedstuff will also have a positive impact. Meat and fish waste has higher nutritional value than cereals and vegetable crops. Therefore, use of meat and fish waste in animal feed avoids the production of the larger quantity of cereals that is required to derive the same nutritional value. This generates a net benefit on the amount of resources (chemicals) required for the animal feed scenario. However, the feeding of processed food waste streams to the animal sector may require additional veterinary control measures as described by the AFSSA (2007) that could increase the current amount of resource used (e.g. pharmaceutical products, number of control or surveillance monitoring, additional equipment).

[bookmark: _GoBack]GHG emission:  There is a net positive impact from 313 to 973 kg CO2-eq on GHG emissions in using food waste in AD rather than recycling processes for animal feed production based on CO2 equivalent emissions. The result of GHG emission from different studies is mixed. In Japan (Takata et al., 2012) observed a similar pattern but a study in Korea (Kim et al., 2011) placed the production of dry feedstuff at the same level of emission as AD with a clear benefit for the production of liquid feed stuff. The later study is hampered by the limited data availability on AD due to the low uptake of this technology in the country.

Air quality:  Odour is the main negative impact on air quality and is likely to be similar for both AD and animal feed production especially for food wastes containing animal by-products.

In conclusion, specific categories of waste, which do not contain animal products or by-products can be directly used as a feed in the pig and poultry and this route provides a sustainable outlet for this type of food waste. 

The production of formulated animal feed from segregated bakery produce, fruit and vegetables and dairy items is potentially more sustainable than anaerobic digestion for most of the assessed sustainability indicators. 

For those waste streams that could have an animal content, the cost and energy associated with production of formulated animal feed (which must include an animal by-products regulations compliant step), the animal feed option is potentially less sustainable than anaerobic digestion. This is because the latter converts the waste to captured energy and produces an organic digestate that can be used for soil improvement. Anaerobic digestion can be used in parallel with a Combined Heat and Power (CHP) process and this means that the heat and electricity sustainability indicators favour the treatment of all food waste through this route.

Clearly segregated waste streams need to be established to ensure a sustainable option selection. 

These conclusions are heavily reliant on the source data used in the comparison exercise. Data from a Category 3 rendering process has been used as the basis for animal feedstuff production which requires an ABPR compliant step and this is a particularly resource and energy intensive process. If further data is found for other ABPR compliant process the evaluation could be refined.

6.2 [bookmark: _Toc334110413][bookmark: _Toc334174326][bookmark: _Toc334603211][bookmark: _Toc334113850][bookmark: _Toc349208337]Recommendations

· Further research by the scientific community is required to generate quantitative data specific to the UK to enable a robust comparison of different food waste recovery routes and improve the subjective ‘qualitative’ nature of the current assessment.

· With appropriate co-operation between animal feedstuff producers and the AD industry it should be possible to identify a combined approach that utilises the food waste stream sustainably.  Segregation of food wastes containing animal by-products is a prerequisite condition for the feasibility of this approach. It is essential to avoid potential contamination of food waste that does not contain animal material. In this instance animal feed production provides a sustainable option, as does AD. Where an ABPR or rendering step is required, AD is a sustainable means of treatment. The re-use of waste vegetable, fruit, dairy and bakery items as a macerated or pulped feedstock for the pig and poultry sector has high environmental sustainability where there is a local requirement for the material.
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Scenario 2: 100% AD

compared to landfill
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consumption

1. Bakery items 1

Bakery items from food processing facilities 1.1 (++) (+) (+) (+) (+) (++) (+) (+)

Bakery items from food trade facilities 1.2 (++) (+) (+) (+) (+) (++) (+) (+)

2.  Fruits and Vegetables 2

Fresh vegetables and fruits from food processing facilities 2.1 (++) (+) (+) (+) (+) (++) (+) (+)

Fresh vegetables and fruits from food trade facilities 2.2 (++) (+) (+) (+) (+) (++) (+) (+)

3. Dairy items 3

Dairy items from food processing facility 3.1 (++) (+) (+) (+) (+) (++) (+) (+)

Dairy items from food trade facilities 3.2 (++) (+) (+) (+) (+) (++) (+) (+)

4. Meat and Fish 4

Meat & Fish from food processing facilities 4.1 (++) (=) (++) (+) (=) (++) (++) (++)

Meat & Fish from food trade facilities 4.2 (++) (=) (++) (+) (=) (++) (++) (++)
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Scenario 3: Optimum use
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1. Bakery items 1

Bakery items from food processing facilities 1.1 PP AD/PP PP PP PP AD AD AD

Bakery items from trade facilities 1.2 PP AD/PP PP PP PP AD AD AD

2.  Fruits and Vegetables 2

Fresh vegetables and fruits from food processing facilities 2.1 AD/PP AD/PP PP PP PP AD AD AD

Fresh vegetables and fruits from trade facilities 2.2 AD/PP AD/PP PP PP PP AD AD AD

3. Dairy items 3

Dairy items from food processing facility 3.1 AD/PP AD/PP PP PP PP AD AD AD

Dairy items from trade facilities 3.2 AD/PP AD/PP PP PP PP AD AD AD

4. Meat and Fish 4

Meat & Fish from food processing facilities 4.1 AD AD AD PP PP AD AD AD

Meat & Fish from trade facilities 4.2 AD AD AD PP PP AD AD AD
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Scenario 1: 100% animal feed

compared to landfill

Environmental 

factors
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A B C D E F G H

Food sources/Types Code Odour Water use

Waste water 

production 

Land 

requirement 

for feed 

ingredients

Chemicals CO

2

-equivalent

Heat 

consumption

Electricity 

consumption

1. Bakery items 1

Bakery items from food processing facilities 1.1 (++) (++) (++) (+) (++) (+) (-) (+)

Bakery items from food trade facilities 1.2 (++) (++) (++) (+) (++) (+) (-) (-)

2.  Fruits and Vegetables 2

Fresh vegetables and fruits from food processing facilities 2.1 (++) (++) (++) (+) (++) (+) (-) (+)

Fresh vegetables and fruits from food trade facilities 2.2 (++) (++) (++) (+) (++) (+) (-) (-)

3. Dairy items 3

Dairy items from food processing facility 3.1 (++) (++) (++) (+) (++) (+) (-) (+)

Dairy items from food trade facilities 3.2 (++) (++) (++) (+) (++) (+) (-) (-)

5. Meat and Fish 4

Meat & Fish from food processing facilities 4.1 (+) (+) (+) (+) (+) (=) (--) (--)

Meat & Fish from food trade facilities 4.2 (+) (+) (+) (+) (+) (=) (--) (--)


