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Executive Summary 
  

Food waste is a major global issue and it is estimated that a third of all food 

produced is wasted. The prevention of avoidable food waste is essential to sustain 

future global food security to feed the 9.8 billion people forecasted to exist by 

2050. Within the UK, an estimated 10.2 million tonnes of food waste is generated 

per year across all elements of the food supply chain, from manufacture to 

household consumption. Whilst some of this food waste is avoidable, a large 

proportion (approximately 60-65%) can be considered unavoidable. In accordance 

with The Courtauld Commitment 2025, alternative approaches should be sought 

to make best use of this unavoidable food waste. Given the abundance of food 

manufacturing industries in Yorkshire and the Humber region, there is significant 

scope to explore innovation opportunities to add value to unavoidable food 

manufacturing waste arising from this region. 

 

The Biorenewables Development Centre (BDC) was engaged to provide input into 

a project funded by the BBSRC Agri-Food Technology Seeding Catalyst Award 

focussed on identifying the major sources of unavoidable food waste within the 

region and potential routes to add value to these waste streams.  

 

A mapping exercise was first performed by Anthesis Group; this work quantified 

food waste arising from poultry rearing, fresh produce and farinaceous product 

industries within the region. The BDC then undertook a desk-based valorisation 

study, as given in this report, whereby potential new end-routes were identified 

for these waste streams, based on the reported composition and volume, available 

technologies, market size and anticipated growth etc. Valorisation options were 

assessed and ranked using a techno-economic appraisal tool according to three 

groups of evaluative parameters – technology, commercial, and environment & 

resource efficiency. 

 

The poultry rearing industry presents an array of waste streams; the major wastes 

studied here included poultry litter, egg packing waste and feathers. Poultry litter 

may find use as a soil fertiliser, in anaerobic digestion or as a combustion fuel.  

Poultry feathers - being predominantly composed of the protein keratin - may be 

developed into a protein meal, used to generate novel insulation material, or be a 

source of useful components in the cosmetics industry. Egg packing waste may be 

divided into liquid egg, which can be a source of useful compounds for various 

applications, or as a health food supplement, and egg shell - a useful source of 

calcium oxide - may be used in applications such as a human / animal feed 

supplement, fertiliser, paper, cement, or newly emerging markets which may 

present end-routes in the near future (e.g. pharmaceutical and cosmetic products, 

heavy metal removal from waste water). 
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Fresh produce waste, for example carrots which do not reach their intended 

market outlet or are damaged through handling and storage, may still be of 

suitable quality to become pet food ingredients or a source of useful compounds 

such as colourants. Their usefulness is much improved, however, if they are first 

dried and stabilised, allowing them to be stored for extended periods of time prior 

to further processing, rather than degrade and become drastically reduced in 

value. 

 

Bread waste, being a useful source of starch, shows potential to be a key 

ingredient in fermentation to produce pharmaceutical compounds or alcoholic 

beverages. The conversion of starch to glucose provides a new feedstock which 

may be used to substitute a significant proportion of the more traditional 

fermentation components, such as food-grade glucose or grain. There is potential 

also to include waste bread as a pet food component, although consideration 

would need to be given to the format of the bread, since it would need to be 

depackaged, milled/crumbed, and dried to <10% moisture content.  If this could 

be done by bread manufacturers, the product would be of higher value, incur lower 

transportation costs, and be more stable for storage. 

 

A variety of ways exist to add value to food waste in the Yorkshire and Humber 

region. Their potential will depend on the volume produced, location and 

heterogeneity of the waste as well as the development of appropriate technology 

for effective processing. It is worth noting that this report represents a ‘snapshot’ 

in time; as food manufacturing processes become more streamlined and 

technology improves, these currently unavoidable wastes may be prevented or at 

least minimised in the future. Therefore, the BDC recommends that valorisation 

initiatives should target and prioritise waste streams that will likely be most 

difficult to avoid in the future. 
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 Introduction 
 

Food waste is a major global issue with a third of all food wasted, costing 

approximately $750 billion per year. By 2050, the world population will require 

60% more food relative to 2005 (Falconer-Hall, 2018), due to its projected 

increase from 7.6 billion (currently) to 9.8 billion (United Nations, 2017). 

Prevention of avoidable food waste, therefore, is essential to sustain future global 

food security. 

 

The UK produces 10.2 million tonnes of food waste per year across all elements 

of the food supply chain, from manufacture to household consumption. Whilst 

some of this food waste is avoidable and so can be prevented, a large proportion 

(approximately 60-65%) can be considered unavoidable (Falconer-Hall, 2018). 

The food manufacturing industry alone produces 1.7 million tonnes of food waste 

per year (Falconer-Hall, 2018) and contributes significantly to the Yorkshire and 

Humber economy; in particular the Humber, which contains the largest 

concentration of food industries in the UK, employing approximately 60,000 

people (LMI Humber, 2014). The region hosts several multinational food 

manufacturing companies (e.g. Arla, McCain, Nestlé, PepsiCo), as well as many 

medium-sized companies (e.g. Bettys, Quorn, Seabrook Crisps, Taylors of 

Harrogate) and a plethora of smaller food manufacturers. 

 

Where food manufacturing waste is unavoidable, prevention is not possible and in 

accordance with The Courtauld Commitment 2025, alternative approaches should 

be sought to make best use of this unavoidable food waste (WRAP, 2018). Given 

the abundance of food manufacturing industries in Yorkshire and the Humber, 

there is, therefore, significant scope to explore innovation opportunities to add 

value to unavoidable food manufacturing waste arising from this region. 
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 Brief and methodology  
 

The overarching aim of this BBSRC Agri-Food Technology Seeding Catalyst Award-

funded project was to bring together multi-disciplinary expertise at the University 

of York, BioVale and the Biorenewables Development Centre (BDC) with the 

regional food manufacturing industry to develop innovative solutions by which to 

add value to unavoidable food manufacturing waste. The project was organised 

around three objectives: 

 

1. Develop a map of key food manufacturing waste arising from the 

Yorkshire and Humber region 

Mapping exercise, performed by Anthesis Group (Oxford, UK), to quantify 

unavoidable food waste arising from three key food manufacturing industries in 

the Yorkshire and Humber region – poultry rearing, fresh produce and 

farinaceous products. Output – report mapping unavoidable food waste. 

 

2. Propose innovative solutions that could add value to key food 

manufacturing waste identified by objective 1 

Desk-based ‘valorisation’ study, performed by the BDC, to explore innovation 

opportunities to add value to unavoidable food manufacturing waste identified 

by objective 1. Output – report outlining potential uses of unavoidable food 

waste and the interventions required to enable their commercial realisation. 

Valorisation options were assessed using a techno-economic appraisal tool 

developed in a collaboration between the BDC, WRAP and Lucid Insight.  These 

options were ranked according to their technology evaluation (e.g. technology 

readiness and feasibility), commercial evaluation (e.g. market health, capital 

and operational expenditure) and environment and resource efficiency (e.g. 

position on the waste hierarchy, resource input). 

 

3. Engage regional food manufacturing industries in innovation around 

adding value to unavoidable food waste 

Open innovation workshop focussed on the valorisation of unavoidable food 

waste in the region, with a focus on waste arising from one key food 

manufacturing industry – poultry rearing. Output – open innovation event 

entitled “Unavoidable food waste in Yorkshire: opportunities to add value”, 

delivered on 22nd March 2018. 

 

This report will outline the key findings of objective 2, as delivered by the BDC. 
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 Key findings 
 

The BDC performed a desk-based valorisation study (objective 2) using the results 

of the mapping exercise (objective 1) undertaken by Anthesis Group, to explore 

innovation opportunities to add value to unavoidable food waste arising from three 

key food manufacturing industries in the Yorkshire and Humber region – poultry 

rearing, fresh produce and farinaceous products. 

 

 

 Poultry rearing 

Poultry rearing describes the process of raising domesticated birds (e.g. chickens, 

ducks, turkeys, geese) for meat, egg and feather production. These activities 

generate a range of unavoidable wastes which can be categorised into three main 

streams – litter, egg packing waste, feather waste. Valorisation options for these 

three poultry rearing waste streams were assessed and ranked using the techno-

economic appraisal tool (outlined in section 2). 

 

 Poultry litter 

Poultry litter is a friable waste material, composed of approximately 10% bedding 

material (e.g. wood shavings, sawdust, peat moss) and 90% urine, faeces and 

feathers, which is renewed periodically depending on the rearing activity. As of 

June 2016, it was calculated that there were over 14.8 million rearing birds in the 

Yorkshire and Humber region, of which over 9 million were broiler chickens (raised 

for meat production) (DEFRA, 2017). It can be estimated that these broiler 

chickens alone generate approximately 93,000 tonnes of litter per year (Ford, 

2018), presenting a significant opportunity for exploration of potential valorisation 

options, as summarised in Table 1. The top three valorisation routes for poultry 

litter, as determined by the techno-economic appraisal, are discussed in more 

detail below. 
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Table 1: Valorisation options for poultry rearing waste (litter), ranked using the techno-economic appraisal tool. 
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Option 1: Non-chemical fertiliser or soil conditioner/amendment for 

direct land use 

Poultry litter can be applied directly onto land as a non-chemical fertiliser (to 

provide key nutrients to soil for improved plant growth) or as a soil 

conditioner/amendment (to improve soil quality). When evaluating technology 

readiness and feasibility, this valorisation option scores highly because many 

poultry farmers already practise this by various methods (e.g. spreading litter on 

the producing farm, selling litter to neighbouring farms if the producing farm has 

insufficient land to spread its poultry litter and/or nitrate restrictions are in place 

(Metcalfe, 2007), passing litter back to straw suppliers in a 'muck for straw' deal, 

giving litter away).  

 

If not already implemented, this option simply requires the procurement of drying 

equipment for when poultry litter is wet (e.g. in the case of a diseased poultry 

batch) and spreading equipment if litter is to be spread on the producing farm, 

both of which present relatively low capital and operational expenditure. However, 

when evaluating commercial potential, this option scores fairly poorly. If litter is 

applied on the producing farm, its application presents a cost saving as it reduces 

or eliminates the need to purchase alternative sources of fertiliser (e.g. chemical). 

If litter is not to be used on the producing farm land, it can either be sold or given 

away to neighbouring farms. Though established, this market is somewhat insular 

with price achieved dependent upon local demand and location. For instance, 

poultry litter is more difficult to sell in urban-fringe areas than in rural areas, which 

may present challenges for poultry farmers in these areas. Furthermore, despite 

a high production volume, poultry litter commands low monetary value, typically 

£4 - £12 per tonne according to the application (Ford, 2018).  

 

When evaluating environment and resource efficiency, this option scores well for 

its lack of end-residues and reasonably high placing on the waste hierarchy. All of 

the poultry litter can be recycled via application as fertiliser or soil 

conditioner/amendment, thereby leaving no end-residues which must be 

addressed. When evaluating its place on the waste hierarchy, this option can be 

deemed as 'recycling', which is higher than disposal and energy recovery, though 

lower than re-use and prevention. However, resource input prior to land-spreading 

is highly dependent upon litter composition and quality which can vary greatly 

from batch to batch. For instance, if a wet litter is produced by a diseased poultry 

batch, more drying will be required, which will contribute greater cost prior to land 

application. 
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Option 2: Feedstock for combustion 

Poultry litter can be used as a feedstock for combustion, either to be incinerated 

on-site at the producing farm to provide a source of heat (e.g. for rearing sheds) 

or sold to power stations for large-scale combustion. When evaluating technology 

readiness and feasibility, this valorisation option scores highly because poultry 

farmers already practise this, though at a much smaller scale in comparison to 

option 1.  

 

If not already implemented, this option requires the procurement of a poultry litter 

boiler for combustion and drying equipment for when poultry litter is wet (e.g. in 

the case of a diseased poultry batch). Though more complex to implement than 

option 1 due to the additional requirement for boiler installation, relatively low 

capital expenditure is required to realise this option. However, this option presents 

higher operational expenditure to run the boiler at sufficient temperature, e.g. at 

850 °C to ensure pathogens and odour are destroyed (Clements, 2016).  

 

When evaluating commercial potential, this option scores poorly. Currently, many 

poultry farmers incinerate wood pellets in biomass boilers to heat their rearing 

sheds, reducing gas and/or kerosene expenditure whilst claiming renewable heat 

incentive (RHI). In these cases, there may not be a sufficient driver to convince 

poultry farmers to switch from incinerating wood pellets to incinerating their 

poultry litter, which significantly reduces available market size. This is further 

compounded if poultry farmers already have an established end-route for their 

litter (e.g. fertiliser). Therefore, this option may be more applicable to new users 

of combustion technology who do not currently incinerate wood pellets and claim 

RHI, thus who will more likely be amenable to using poultry litter as feedstock for 

combustion, whilst reducing their gas and/or kerosene expenditure. Similar to 

option 1, despite a high production volume, poultry litter commands low monetary 

value which is only derived if sold. However, once incinerated, the bottom ash 

residue can be used as a fertiliser either on the producing farm, sold or given away 

to neighbouring farms as outlined by option 1, generating an additional product 

and/or income stream.  

 

When evaluating environment and resource efficiency, this option scores fairly well 

for its lack of problematic end-residues and low resource input, though suffers 

from its low placing on the waste hierarchy. All of the poultry litter can be 

incinerated and the bottom ash residue can be applied as fertiliser. However, when 

evaluating its place on the waste hierarchy, this option can predominantly be 

deemed as 'waste to energy', with all litter initially undergoing incineration to 

produce heat of very low value. Again, as with option 1, resource input is highly 

dependent upon variable litter composition and quality. 

 

 

  



 

Page 11 of 45 
 

Option 3: Feedstock for anaerobic digestion 

Poultry litter can be used as a feedstock for anaerobic digestion (AD), either on-

site at the producing farm to provide an energy source (biogas) or sold to an off-

site AD facility. When evaluating technology readiness and feasibility, this 

valorisation option scores highly because poultry farmers already practise this, 

though at a much smaller scale in comparison to options 1 and 2, which is mostly 

due to a lack of awareness of using poultry litter as AD feedstock.  

 

If not already implemented, this option requires installation and maintenance of 

an AD facility, which will likely be custom-built to specification, at significant 

capital expenditure and potentially high operational expenditure, depending upon 

its location (on-site or off-site), size and requirement for a paid maintenance 

workforce. Alternatively, poultry litter can be sold to an off-site AD facility at 

significantly lower cost. When evaluating commercial potential, this option scores 

poorly, greatly hampered by the low incorporation volume of poultry litter allowed 

by standard agricultural AD plants (typically 10-20% co-digested with energy 

crops and manure) which reduces market size. Similar to options 1 and 2, despite 

a high production volume, poultry litter commands low monetary value which is 

only derived if sold. However, once the feedstock has been digested, the digestate 

(residual material) can be used as fertiliser either on the producing farm, sold or 

given away to neighbouring farms as outlined by option 1, generating an additional 

product and/or income stream.  

 

When evaluating environment and resource efficiency, this option scores well for 

its lack of problematic end-residues and low resource input, though suffers from 

its low placing on the waste hierarchy. All of the poultry litter can be digested and 

the digestate can be applied as fertiliser. However, when evaluating its place on 

the waste hierarchy, this option can predominantly be deemed as 'waste to 

energy', with all litter initially undergoing digestion to produce biogas of low value. 

This option benefits from its low resource input, whereby raw poultry litter can be 

fed into the AD system, eliminating the requirement for upstream processing. It 

should be noted that if the incorporation volume of poultry litter is to be increased, 

nitrogen stripping pre-treatment is required to avoid high ammonia levels that 

would otherwise inhibit digestion. 

 

 

 Egg packing waste 

Egg packing describes the process of grading and packaging eggs for consumer 

sale. These operations generate significant volumes of waste, either where eggs 

do not meet quality standards (sub-standard) during the grading process or where 

accidental losses occur during the packaging process. Egg waste can be classified 

into two main types based on composition – liquid egg (comprising yolk and white) 

and egg shell. Valorisation options for these two waste types were assessed and 

ranked using the techno-economic appraisal tool (outlined in section 2). 
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Liquid egg 

Liquid egg constitutes 87% of total egg, comprising the yolk (26%) and white 

(61%) (BDC, 2014). Liquid egg contains several valuable components which may 

be exploited for higher-value applications, as summarised in Table 2.  The top two 

valorisation routes for liquid egg waste, as determined by the techno-economic 

appraisal, are discussed in more detail below. Alternative options that require 

further technological improvement to enable their commercial realisation are also 

briefly considered. 
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Table 2: Valorisation options for egg packing waste (liquid egg), ranked using the techno-economic appraisal tool. 
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Option 1: Sale of liquid egg (and/or unbroken eggs) to technology 

providers 

Liquid egg and/or unbroken eggs can be sold to an appropriate technology 

provider who will process egg material for a variety of applications. When 

evaluating technology readiness and feasibility, this valorisation option scores very  

highly mainly because this is already practised. The equipment, capital and 

operational expenditure required to realise this option depends upon the format 

and volume of egg waste arising (broken or unbroken eggs), though both require 

refrigeration or (preferably) freezer facilities for appropriate storage prior to 

shipping.  

 

If not already implemented and where broken eggs arise during the egg packaging 

process, this option requires installation of a commercially-available egg 

shell/liquid separating machine to separate liquid egg from egg shell. 

Alternatively, unbroken sub-standard eggs arising from the grading process can 

be sold directly to the technology provider and so do not require separation. 

However, when evaluating commercial potential, this option scores poorly. Though 

established, the market is limited to specialist technology providers who perform 

appropriate downstream processing of egg material. Furthermore, the volume 

available is highly dependent upon scale of production and commands relatively 

low value (£0.30 - £0.50 per kilogram) (BDC, 2014). Nevertheless, this option 

represents a simple and convenient method by which to dispose of a waste product 

whilst generating an additional income stream.  

 

When evaluating environment and resource efficiency, this option scores well for 

its lack of problematic end-residues and high placing on the waste hierarchy, 

though suffers from potentially high resource input dependent upon the format of 

egg waste arising (e.g. broken eggs require separation). In terms of end-residues, 

unbroken eggs generate no residue as the whole egg can be sold to the technology 

provider. For broken eggs, where liquid must be separated from shell, the egg 

shell residue can be collected and potentially exploited by various value-added 

end-routes. This option also benefits from its placing on the waste hierarchy as it 

can be classified as 'reuse', which is higher than disposal, energy recovery and 

recycling. 

 

 

Option 2: Use of egg white as an ingredient in health food products 

Egg white can be used as a high protein/low fat ingredient in various sectors of 

the food industry (e.g. health food products), due to the beneficial properties (e.g. 

gelling, foaming, emulsification, thickening) elicited by constituent proteins (BDC, 

2014).  

 

When evaluating technology readiness and feasibility, this valorisation option 

scores highly because this is already practised, though scores lower than option 1 

due to the equipment required if not already implemented. This option requires 
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installation of a commercially available egg shell/liquid separating machine with 

the additional capability of separating egg white from yolk. Though not essential, 

drying/powdering equipment to produce powdered egg white product is highly 

advised to improve product stability and shelf-life over an alternative refrigerated 

product. Therefore, capital and operational expenditure required to realise this 

option depend upon the equipment installed and storage conditions required.  

 

When evaluating commercial potential, this option scores higher than option 1, 

mainly due to the large/growing markets available in the food industry (e.g. high 

protein/low fat content health food products) and the benefits elicited over 

alternative offerings (i.e. high protein source derived from a waste product). 

Furthermore, this product will likely demand a higher value in comparison to 

option 1, as it can be sold for a specific application in a growing market.  

 

When evaluating environment and resource efficiency, this option scores well for 

its lack of problematic end-residues and high placing on the waste hierarchy (re-

use), though suffers from higher resource input than option 1, requiring additional 

separation of egg white from yolk. In terms of end-residues, the egg shell and 

yolk residue arising from the separation process can be directed into various 

value-added end-routes which may generate additional income streams. 

 

Additional options: 

Various alternative valorisation options exist which could be employed to add 

value to liquid egg waste (Table 2). However, these options require either 

fractionation or purification processes to isolate specific components (e.g. lecithin 

from egg yolk). Currently available technology does not make these options 

feasible at commercial scale, though as technology improves and costs reduce 

these may present higher-value opportunities to be implemented on-site in the 

future. 

 

Egg shell 

Egg shell constitutes 13% of total egg (BDC, 2014) and contains several valuable 

components which may be exploited for higher-value applications, as summarised 

in Table 3.  The top valorisation route for egg shell waste, as determined by the 

techno-economic appraisal, is discussed in more detail below.  

 

Alternative options are also briefly considered, though present fewer market 

opportunities than the top option and are therefore currently less attractive.



 

Page 17 of 45 
 

Table 3: Valorisation options for egg packing waste (egg shell), ranked using the techno-economic appraisal tool. 
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Option 1: Calcium oxide production for various applications 

Egg shell is rich in calcium carbonate (94-97% of total egg shell) (BDC, 2014), 

which, via a thermal decomposition process, can be used to produce calcium 

oxide. The resultant product is a sterile, fine-grain, high-quality lime with a 

maximum moisture content of 1%, which can be employed in a variety of 

commercial applications (e.g. human and animal feed supplement, fertiliser, 

paper, cement).  

 

When evaluating technology readiness and feasibility, this valorisation option 

scores highly because this is already practised. If not already implemented, this 

option requires installation of a commercially available egg shell/liquid separating 

machine and heating/drying equipment for conversion of calcium carbonate to 

calcium oxide. Neither piece of equipment should present excessive capital 

expenditure with heating/drying costs contributing the majority of the operational 

expenditure, quoted at under £10 per tonne of egg shell (Celsius Processing, 

2018).  

 

When evaluating commercial potential, this option scores well due to the markets 

already available (e.g. human and animal feed supplement, fertiliser, paper, 

cement) and newly emerging markets which may present end-routes in the near 

future (e.g. pharmaceutical and cosmetic products, heavy metal removal from 

waste water). These markets will likely command higher value.  

 

When evaluating environment and resource efficiency, this option scores well for 

its lack of problematic end-residues and high placing on the waste hierarchy (re-

use). In terms of end-residues, the liquid egg residue arising from the separation 

process can be directed into various value-added end-routes (as previously 

explored) which may generate additional income streams. In addition, egg shell-

derived calcium oxide presents many benefits over current alternative offerings 

(e.g. substitutes natural sources of calcium, conserves natural rock and soil 

resources, reduces household waste). 

 

Alternative options: 

Various alternative valorisation options exist which could be employed to add 

value to egg shell waste (Table 3). For instance, option 2 generates an egg shell-

derived filler to reinforce plastic that has potentially unique advantages over the 

current offering (chalk), e.g. less dense and therefore lighter. This product, 

therefore, has the potential to displace the use of chalk, though must be able to 

compete economically for it to be a feasible market option in the future (The 

Guardian, 2016). Option 3 generates a diet supplement tablet from egg shell 

membrane, which is believed to improve joint comfort and flexibility. This product 

is already available to purchase in the UK but is produced using waste egg shell 

membrane derived from the USA, therefore, presenting a potential market 

opportunity for egg shell membrane waste arising from the UK egg packing 

industry. However, these options generate products that currently only target 
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single markets (e.g. plastic industry, health food sector). In contrast, option 1 

generates a product (calcium oxide) which can be directed into a variety of 

currently available and newly emerging markets, thereby presenting a more 

diverse range of market opportunities and consequently a more attractive option. 

 

 

 Feather waste 

Feathers make up around 5-8% of a chicken’s live bodyweight, (Brandelli et al., 

2015) equating to an estimated 2,000 tonnes of feathers (predominantly from 

broiler chickens) generated each week in the UK alone. Such waste generally finds 

its way to landfill or incineration; however, feathers possess intrinsically useful 

properties to help fulfill their role in nature, all of which make them a source of 

unique fibres. Their distinctive honeycomb structure provides a material which 

has: 

  

 Low density 

 Excellent compressibility and resilience 

 The ability to dampen sound 

 Warmth retention 

 

The density of chicken feathers is about 0.8 g/cm3 compared to approximately 

1.5 g/cm3 for cellulose fibres and 1.3 g/cm3 for wool. None of the natural or 

synthetic fibres commercially available today have a density as low as that of 

chicken feathers.  

 

In terms of their composition, feathers comprise 95–98% protein, mainly in the 

form of keratin. The predominant amino acids in its structure include cysteine, 

glutamine, proline and serine. Proteins in chicken feather barbs are of the α-

keratin type with about 25% crystalline protein. Keratins are insoluble in water 

and are able to maintain high resistance to physical and chemical treatments, as 

well as typical proteolytic enzymes (Laba et al., 2018). Such unique properties 

make feather barbs preferable for many applications, as summarised in Table 4. 

The top three valorisation routes for feather waste, as determined by the techno-

economic appraisal, are discussed in more detail below. 
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Table 4: Valorisation options for poultry waste (feathers), ranked using the techno-economic appraisal tool. 
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Option 1: Production of feather meal for use as an animal/aquaculture 

feed or fertiliser 

Feathers do not suffer from the disadvantages of anti-nutritional factors, such as 

tannins, glucosinolates, lectins and trypsin inhibiting factors etc., making them a 

desirable protein source for a variety of applications. However, raw feathers are 

relatively insoluble, with a very low digestibility (5%) due to the high keratin 

content and the strong disulphide bonding of the amino acids (Chandler, 2007). 

Due to this inherently stable structure, higher temperature-pressure-time 

conditions are required to produce feather meal, compared to other meals made 

from meat and bone. Pre-treatment with keratinolytic enzymes may help to reduce 

the energy input required for hydrolysis. 

 

In order for feathers to enter the feather meal market, certain criteria should be 

met to ensure a safe feedstock and product: The American Association of Feed 

Control Officials (AAFCO) defines hydrolysed poultry feathers as ‘the product 

resulting from the treatment under pressure of clean, undecomposed feathers 

from slaughtered poultry, free of additives and or accelerators’. Not less than 75% 

of its crude protein content must be digestible by the pepsin digestibility method 

(Chandler, 2007).  

 

Two major end routes result from the production of feather meal: 

animal/pet/aquaculture feed, and a fertiliser. As a component of an animal/fish 

feed, it provides a good source of natural protein for most animal diets and can 

be used to replace a significant portion of other protein sources in livestock and 

aquaculture diets. However, care should be taken to supplement any amino acids 

which may be less abundant, e.g. methionine, lysine and histidine, if necessary. 

As a fertiliser, feather meal provides a good supply of nitrogen (classified as a 12-

0-0 fertiliser, i.e. one which contains nitrogen but no phosphorus or potassium), 

and acts as a slow-release feed, which works with bacteria and nematodes in the 

soil to further metabolise the nitrogen to increase its bioavailability. 

 

When evaluating technology readiness and feasibility, this valorisation option 

scores highly since it is already being practised at scale by a number of processed 

animal protein suppliers. The commercial evaluation also scores highly in some 

aspects, with market health and volume/value being strong. However, the CapEx 

and OpEx are relatively significant, with equipment required for hydrolysis, drying 

and grinding combining with high energy costs to overcome the inherent stability 

of the starting material to render it down to something more digestible and useful. 

The environment and resource efficiency also score highly, since there is little 

residue remaining from feather processing in this way and the material goes back 

into food chain, either directly as animal/fish feed, or via use as a slow-release 

fertiliser, providing a useful source of nitrogen for crop growth. However, the 

resource input tends to be high, with energy inputs required for steam-based 

hydrolysis, drying and grinding to produce a fine meal with a final moisture content 

of around 8%. 
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Options 2 and 3, described below, scored equally well in the techno-economic 

appraisal and still require a degree of development. 

 

 

Option 2: Production of biocomposites: Insulation material 

Conventional insulation materials are made from petrochemicals and include 

fibreglass, mineral wool, polystyrene and polyurethane foam. The renovation and 

upgrade of existing buildings presents a key market for producers of new 

insulation materials, as well as materials for new builds. The Paris Agreement on 

Climate Change provides a common legally binding agreement around global 

warming. For the first time, the Buildings & Construction sector, responsible for 

about 30% of global greenhouse gas emissions, has been given a mandate and 

global framework for helping to achieve these goals (Global Buildings Performance 

Network, 2018).  

 

Leaving aside any implementation of energy generation solutions, refurbishment 

of the fabric of homes has the potential to deliver around a 60% reduction in CO2 

emissions, for example through improved wall and loft insulation (Davies and 

Oreszczyn, 2012). The drive in this sector is the generation of improved insulation 

materials, preferably from renewable resources. The development of building 

insulation from waste streams such as chicken feathers fits well with this, being 

inherently insulating, lightweight, biodegradable and water repellent. Lab-scale 

production and testing of novel insulation material, amongst other applications, 

has been demonstrated by Aeropowder Ltd (http://www.aeropowder.com/) who 

have generated a sustainable, feather-derived alternative to polyurethane foam 

in insulation boards commonly used for home insulation; the preparation is 

covered in patent WO2017221015. A number of other insulation applications are 

in preparation, including smaller consumer items in the food and medical sectors. 

They are now looking for industry partners to perfect and test Aeropowder in the 

real world ahead of commercialisation.  

 

Researchers in the US at Georgia Tech and Auburn University have also been 

investigating the development of composite materials from chicken feathers for 

application in buildings, including acoustic ceiling tiles, moisture-resistant drywall, 

and insulation (Buildings, 2018; Ye and Broughton, 2002). 

 

In terms of the environment and resource efficiency, this application scores highly, 

since it offers an alternative to existing insulation materials which are synthetic in 

nature, and avoids landfill or incineration. Strong market health and value, with 

increased use anticipated as the reduction of greenhouse gas emissions becomes 

increasingly important, as well as further applications being developed for other 

sectors, helps to generate a reasonable commercial evaluation. There is, however, 

still some way to go in rolling out the technology at commercial scale (TRL 

estimated as 4-5), which generates a low technology evaluation score. 

http://www.aeropowder.com/
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Option 3: Use in the cosmetics sector: keratin and keratin hydrolysates 

The total sales value of the UK cosmetics market in December 2016 was estimated 

at £9.4 billion. Currently, the biggest growth of keratin and its derivatives is in 

hair care, particularly hair conditioning and straightening products (Statista, 2018; 

CTPA, 2018). Growing end-use demand in keratin-derived ingredients in 

shampoos, nail creams and soaps, coupled with the changing lifestyle of 

consumers, particularly in Asia Pacific countries including Japan, India, and China, 

is expected to increase growth over the next five to seven years. However, 

increasing use of Moroccan oil and KeraGreen in hair treatment due to their 

organic and non-toxic characteristics may challenge growth over the next seven 

years (Grand View Research, 2018). 

 

It is difficult to determine the origin of the keratin used for the majority of 

cosmetics products from the information publically available, but products mostly 

claim wool- or hair-derived keratin, where stated (L’Oreal, 2018). Other sources 

might include bovine hoof or horn, or goat wool. The ‘hard’ keratins (keratins 

containing many disulphide bonds) may be modified/extracted (i.e., hydrolysed, 

oxidised, sulfonated, etc.) to produce other cosmetic ingredients (Cosmetic 

Ingredient Review, 2016). 

 

The production of keratin and keratin hydrolysates scored highly in terms of 

technology evaluation, since these materials are already produced at commercial 

scale from other sources, so much of the required technology for extraction and 

further processing is already well developed. However, it is difficult to tell from 

the available information whether this has been adequately transferred to dealing 

with feathers as a keratin source. Feather-derived keratin hydrolysates had mixed 

scores across the commercial evaluation aspect, scoring highly for market health 

and product volume/value, but scoring less well for aspects such as product 

differentiation, since keratin is usually derived from other wastes - hooves, wool, 

hair etc. - so the use of feathers will only displace other waste streams rather than 

petroleum-based materials. In addition, the extracted keratin and derivatives will 

not be going into food chain. CapEx and OpEx will also be relatively high, due to 

the need for decontamination, protein extraction, drying, grinding, plus hydrolysis 

using enzymes/whole cells. 

 

In conclusion, the most developed option for diverting feather waste away from 

landfill or incineration is to process it into feather meal. This route is already well 

established with examples of its production at commercial scale existing within 

the UK and abroad. However, other developing technologies and applications 

should be monitored in the short-medium term, particularly those utilising the 

physical features of the feather material, such as biocomposites for a range of 

applications, bioplastics or non-woven materials. The cosmetics sector is one to 

watch as the global market is anticipated to grow, with the concomitant use of 

keratin and its derivatives. Major companies in the UK in the cosmetics and 

personal care sectors, such as Croda and Unilever, are keen to employ renewable 
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raw materials and are known to be actively engaged in identifying new sources of 

key ingredients involved in the preparation of their products. 

 

In addition, the KaRMA2020 project is worth highlighting: the project aims to 

develop and promote the industrial manufacture and exploitation of under-utilized 

feather waste for the production of valuable raw materials and develop products 

for cross-sectorial applications, such as hydrolysed keratin, bioplastics, flame 

retardant coatings, spun bonded non-woven materials and thermoset biobased 

resins. The KaRMA2020 project was launched on January 1, 2017 for a period of 

three years; updates and publications may be found on the project website 

(http://www.karma2020.eu/). 

  

 

 

 

 

  

http://www.karma2020.eu/
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 Fresh Produce 

It is estimated that in the UK alone over 2 million tonnes of fresh produce are lost 

or wasted before the products even make it to the consumer (WRAP, 2018). 

According to WRAP (WRAP, 2018): 

 

“The most significant causes of waste to target for reduction are: 

 Products which do not reach their intended market outlet – 

oversupply, not meeting or changing specification requirements. 

 

 Loss of product because of poor supply chain management – for 

example changing packaging specifications which provides less protection 

for products or incorrect demand forecasting. Such losses are estimated to 

be between 100,000 to 150,000 tonnes a year - between 5% and 7.5% of 

total annual waste arisings. 

 

 Damage through handling and storage at depots and stores” 

 

Heterogeneity of waste will have a significant impact on possible valorisation 

routes.  For example, mixed fresh produce waste (of various fruit/vegetable 

material) will be harder to valorise and the most appropriate routes for valorisation 

of this will likely generate lower revenues.  Conversely, if fresh produce wastes 

can be separated/segregated at source, then higher value options of valorisation 

might be available.   

 

Valorisation options for carrot waste material has been used as an example of a 

homogenous fresh produce waste with various options summarised in Table 5 and 

ranked using the techno-economic appraisal tool (outlined in section 2). The top 

three valorisation routes, as determined by the techno-economic appraisal, are 

discussed in more detail below.  
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Table 5: Valorisation options for fresh produce (carrot), ranked using the techno-economic appraisal tool. 
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Option 1: Drying for various applications 

Stability of material is a particular consideration when investigating possible 

routes for valorisation of fresh produce that is not suitable for sale as a whole 

vegetable.  Refrigeration allows material to be stored for extended periods (2-4 

weeks) compared to ambient temperatures but this is costly.  Dehydrated/dried 

material can be stored for years, but operational costs for drying fresh produce 

using currently available technology are high – for this reason this option scores 

highly for technology evaluation (technologies for drying already exist and can be 

used for fresh produce) but obtains an average score for commercial evaluation 

(if dried, products could be applied to a variety of markets, but drying as a process 

is inherently costly).  Additionally, drying technologies often apply high heat which 

can damage functional components of the material (e.g. β-carotenes).  This option 

scores well for environment and resource efficiency – despite high energy input 

this option generates little residue and dried fresh produce can go back into the 

food chain, thus placing it high as an option in the waste hierarchy. 

 

The BDC has contacts with technology providers that design and build systems to 

specifically dry fresh produce in a low-cost and efficient manner. They have shown 

that their methodology can effectively dry various vegetable/fruit types including 

celery, beetroot, apple, plums and radishes, while the material retains many 

functional properties. If carrots unsuitable for human consumption could be dried, 

there are a number of applications that might add value to the material including 

pet food, dietary fibre and composite materials (see options listed in the ranking 

table). 

 

 

Option 2: Pet food ingredient 

The UK pet food sector currently sources most of its ingredients from outside the 

UK and is actively exploring opportunities to bring that supply chain closer to 

home.  They want to do this for a number for reasons including security of supply 

and marketing/PR claims.  Vegetable and fruit ingredients are already added to 

pet food for their inherent nutritional value, so this options scores very highly 

under the technology evaluation criteria.  For example, Pure Petfood Ltd. use 

parsnip in their ‘Vegi Plus Mixer’ dog food product and report that they contain 

many components beneficial to canine nutrition (high dietary fibre, antioxidants, 

vitamin C etc.).  Additionally, pet food manufacturers include fresh produce 

(including carrot) in their formulations for the ‘with x vegetable/fruit’ flavour claim 

that can be made on the packaging.  Regarding dry pet food, 4% w/w content is 

sufficient to make this claim. 

 

Pet food producers report that they source dried carrot powder from mainland 

Europe at £2,000-4,000 /tonne.  Current inclusion levels are limited by the cost 

of the material, but a number of manufacturers have indicated that they would be 

open to using higher quantities of carrot and other dried vegetable material if it 

could be sourced at an economically viable price.  Although pet food manufacturers 
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are currently paying high prices for dried carrot material, it is unclear how much 

material would be required even if it was available at a more economically viable 

price – hence the commercial evaluation score is average.  In terms of 

environment and resource efficiency, this option score reasonably well as there 

are little associated residues, although it places poorly on the waste hierarchy as 

it doesn’t go back into the human food chain (either directly or via animal feed).    

 

There are a number of considerations that need to be addressed regarding any 

ingredients to be incorporated into a pet food product: 

 

1. The moisture content needs to be no greater than 10% to allow ‘flowability’ 

through existing facilities – ingredients with a higher moisture content are 

liable go off and also have the potential to clog pipework.  Currently sourced 

carrot powder has a 7% moisture content.   

 

2. For issues of ‘flowability’, dried pellets are suggested as the ideal format.  

Flakes and powder are also usable but can cause issues with clogging.  

 

3. Microbiological – while IPN suggests that animal feed/compost class 

material would be suitable for their products, they also stressed the need 

for it to be ‘microbiologically clean’.  They also commented that any 

potential ingredient supplier would need to be audited and have appropriate 

food safety procedures in place such as HACCP (Hazard analysis and critical 

control points). 

 

 

Option 3: Colourants 

Naturally derived β-carotenes are increasingly used as colourants in the food and 

drink industry, imparting vivid orange and yellow hues in a wide range of 

applications.  In the UK, formulation specialist supply colour formulations for the 

food and drink industry using β-carotene colours derived from carrots, palm oil, 

algae and fungi.  These are available in powder and liquid forms and as oil soluble, 

oil dispersible, water soluble and water dispersible formulations.  As β-carotenes 

are already extracted from carrot at a commercial scale this options scores highly 

under technology evaluation. 

 

β-carotenes can be extracted either by organic solvent extraction (giving up to 

30% v/v carotene extract) or aqueous extraction (up to a maximum of 1% v/v 

carotene extract).  Organic solvents extracts are currently purchased at ~$150 

per kg, but due to the extraction technique they are classed as additives on 

products that contain them and therefore carry an E number (E160a).  Aqueous 

extracts will only reach a maximum of 1% v/v concentration (typically much 

lower) but ingredient labels can list them as ‘carrot’ or ‘carrot extract’ and so are 
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desirable from a clean label view point.  Aqueous β-carotene extractions at 0.13% 

v/v can be purchased for ~$9.50 per kg; ~230x less concentrated than organic 

solvent extract.  Scoring for environment and resource efficiency is mixed – 

significant residues of organic solvents are generated if extracts are produced 

using an organic solvent extraction method.  Significant energy inputs would be 

required, though this option would place the processed material back into the food 

chain so an average score is achieved under environment and resource efficiency. 

 

Additionally, the BDC has held discussions with formulation experts who indicated 

that the colourant industry would be particularly interested in sourcing β-carotene 

extracts derived from organic carrots for marketing/clean labelling reasons.  

Organically labelled colourant are likely to generate higher revenue. 

 

Commercial evaluation scoring here is mixed – if β-carotene are extracted from 

standard carrot material they don’t score highly as the market for β-carotene is 

already quite saturated.  However if these colourants can be derived from an 

organically farmed source of carrots there may be opportunities to produce an 

extract with additional value. 

 

Colourant formulation companies have indicated that there would be possibilities 

to use Class 2 carrots (not deemed suitable for sale as whole carrot) to produce 

food-grade colourant formulations.  

 

The Food Additives and Ingredients Association (FAIA) represents UK 

manufacturers of food additive products and can offer technical and scientific 

expertise.  They will be able to give advice around different β-carotene extractions 

methods and food safety considerations. 

 

 Farinaceous products 

Farinaceous products can broadly be considered to be starchy food stuffs including 

bread, potato and pasta.  Possible valorisation options for wastes derived from 

these food stuffs will vary depending on the specific material, as well as the degree 

of homogeneity of the material.  For example, ‘virgin’ bread waste is suitable for 

animal feed, whereas bread waste containing other material (e.g. waste arising 

from sandwich preparation) is not suitable for animal feed due to possible 

contamination with animal by-products.   

 

For the purpose of this work, bakery waste material has been used as an example 

of a homogenous farinaceous product waste. Bakery wastes occur for a variety of 

reasons – these can include machine malfunctions during production, defective 

material, quality control, dispatch errors, and clean-in-place residues.  Cooked 

and packaged finished product waste can arise from returns to factory, where 

customers (i.e. retailers) reject the products as they are received with too few 
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days remaining on sell-by dates.  Additionally, sandwich manufacturers will not 

use heel-ends of loaves, and in some cases discard both the heel and the first slice 

in each end of a loaf. 

 

Various valorisation options for bakery waste are summarised in Table 6 and 

ranked using the techno-economic appraisal tool (outlined in section 2). The top 

three valorisation routes, as determined by the techno-economic appraisal, are 

discussed in more detail below. 
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Table 6: Valorisation options for bakery waste (bread), ranked using the techno-economic appraisal tool. 
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Option 1: High-value chemicals (pharmaceutical products) 

A number of high value chemicals (e.g. cosmetic actives, pharmaceuticals, 

fragrances) are currently produced on an industrial scale through fermentation.  

Depending on the chemical, the value of the product can vary from £1 / kg 

(industrial solvent) to £5,000 / kg (flavour/fragrance).  As an example, 

Nootkatone (the key ingredient of grapefruit flavour) produced through 

fermentation sells for $4,000-7,000 / kg, depending on its purity.  

 

Human food grade glucose syrup is one of the primary feedstocks used for 

fermentation and typically accounts for approximately 40-50% of the raw material 

input costs.  However, there is growing interest from industry in the production of 

new and existing high value chemicals from food waste / food by-products.  The 

main drivers for this include the historically variable price of human food grade 

glucose syrup, and the considerable environmental impact through substantial 

carbon, water and land-use footprints using feedstocks originating from wheat. 

  

In the UK, GlaxoSmithKline plc (GSK), Veolia (an international waste, water and 

energy management service provider) and the BDC are currently involved in a 

project assessing the potential of producing pharmaceuticals from bread 

processing and sandwich manufacturing by-products.  The BDC and GSK have 

successfully demonstrated that a concentrated glucose syrup can be produced 

from virgin bread by-products and converted into an existing pharmaceutical 

product at pilot scale (TRL 4-5); bread waste is processed to reduce particle size, 

enzymatically hydrolysed to convert starch to glucose, cleaned up to remove 

residual solids (fibre and protein fractions, salts and other impurities) and finally 

concentrated to produce a ~65% glucose syrup that is fermented to produce 

pharmaceutical actives.  The mid-range TRL of this process gives an average score 

for technology evaluation. 

 

The commercial evaluation scoring for this option is reasonable given the potential 

to produce high value chemicals through fermentation using bread waste as a 

feedstock. Relatively high energy/water input requirements are balanced out by 

low residues after processing and as well as the displacement of human food-

grade glucose (currently used in fermentations), to give an average score for 

environment and resource efficiency.  

 

GSK and Veolia have expressed an interest in engaging with bakeries to explore 

opportunities to convert some of their side streams into a glucose syrup that could 

be used as a feedstock to produce pharmaceuticals at GSK’s plant in Irvine, 

Scotland.   

 

 

Option 2: Beer 

Brewing has been practised for thousands of years, with early examples of the 

fermentation of barley and other grains detailed on artefacts dating back to the 
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5th millennium BC.  The majority of beer produced today is made from four basic 

ingredients: malted barley, water, hops and yeast.  Sugars from the grain (usually 

barley) are extracted and processed by yeast which produce carbon dioxide and 

ethanol.  Hops and other ingredients are added for flavour. 

 

While the majority of beer production worldwide utilises malted barley as the grain 

sugar source, there is a large market in ‘wheat beer’ (main varieties: Weissbier 

and Witbier) where a large proportion of the malted barley is replaced with malted 

wheat.    

 

More recently companies such as Toast Ale and Northern Monk Brew Company 

have been manufacturing beer in the UK using bread waste.  One third of the 

malted grain requirement is replaced with bread, and the brewing process 

proceeds as normal.  Toast Ale has a range of beers based on bread waste 

including:  

 

 Much Kneaded Craft Lager 4.5% 

 Bloomin’ Lovely Session IPA 5% 

 Purebread Pale Ale 5% 

 Eden Project Pale Ale 4.8% 

 “Bread Pudding” Amber Ale 6% 

 

Presently Toast Ale supplies 200+ Waitrose stores across the UK, sells through 

various online retailers and has recently gone international, expanding into the 

US, South African and Icelandic markets.  While the market for these speciality 

beers is small at present, there is a growing desire from consumers to source their 

food and drink ethically, and Toast Ale has been successful in promoting their 

products made using bread for where there is ‘no home for it to be eaten by those 

in need’.   

 

As shown above they produce a range of beers using bread waste, and would be 

willing to discuss other bakery wastes (crumpets, muffins etc.) for future products.  

They have a number of requirements regarding the bread they use for their beer: 

 

 Truly surplus: ‘…we would rather bread was eaten…but if that not's 

possible then let's drink it before we give to livestock’ 

 

 Of a certain type: Plain bread is best, no inclusions e.g. seeds, nuts, fruit 

etc.  This is likely to affect flavour & the head of the beer 

 

 Sliced and still within life: Bread must be free from mould 
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 Full traceability: Brewers donate their spent grain to livestock and so 

documentation is required to ensure the at all times bread has been 

segregated from meat and dairy  

 

As bread waste is already being used in the brewing industry this option scores 

well under the technology evaluation criteria.  However, while examples of 

companies using bread in brewing have been shown, the market for these 

speciality beers is not currently very large so scoring for the commercial evaluation 

is below average.  Fairly low energy inputs coupled with the fact that the residues 

can go on for animal feed (similar to spend brewers grain) give this option a high 

score for environment and resource efficiency. 

 

Option 3: Pet food ingredient 

The UK pet food sector currently sources most of its ingredients from outside the 

UK and is actively exploring opportunities to bring that supply chain closer to 

home.  They want to do this for a number for reasons including security of supply 

and marketing/PR claims.   

 

Wheat is a major component in many brands of pet food, though its constituent 

parts are often listed separately (e.g. as wheat flour, wheat bran, wheat middlings 

etc.) and therefore tend to appear at the bottom of the ingredients list.  While it 

is not required in canine or feline diets, wheat inclusion does have benefits for 

pets of various life stages. 

 

While ‘grain free’ and ‘gluten free’ pet diets have become popular in recent years 

(mirroring an increase in the desire for similar human foods), a large proportion 

of the pet food industry still uses wheat and wheat products as a major component 

in their pet food formulations, and there is no evidence to suggest this is likely to 

change.   

 

Bread by-products are not presently included in pet food formulations, though a 

number of manufacturers have indicated that they would consider testing it in 

future products if it could be sourced and processed at a favourable price 

compared to the equivalent wheat component (2017: £145-150 / tonne).   

Consideration would need to be given to the format of the bread by-products; 

before use as a pet food component; it would need to be depackaged, 

milled/crumbed, and dried to <10% moisture content.  If this could be done by 

bread manufacturers, the product would be of higher value, incur lower 

transportation costs, and be more stable for storage.  

 

Bread has previously been used in pet food formulation but is not largely done so 

at present.  Bread waste will need to be completely depackaged, dried and 

crumbled before it is suitable for inclusion, and while technologies to do this do 
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exist, it is not currently done on a commercial scale for packaged bread.  Therefore 

this options only scores above average for technology evaluation.  A below 

average score is given for under the commercial evaluation criteria as bread waste 

offers no benefits over currently used wheat inclusions, and the need to remove 

packaging, dry and crumble material increases ongoing operational costs.  

Residues from this option may include plastic packaging waste, and energy inputs 

are variable but likely high as drying is required so this option scores poorly for 

environment and resource efficiency. 
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 Conclusions 
 

This desk-based valorisation study explored innovation opportunities to add value 

to unavoidable food manufacturing waste, as identified by a mapping exercise 

performed by Anthesis Group, which quantified food waste arising from poultry 

rearing, fresh produce and farinaceous product industries in the Yorkshire and 

Humber region. Valorisation options were assessed and ranked using a techno-

economic appraisal tool according to three groups of evaluative parameters – 

technology, commercial, environment and resource efficiency. 

 

This work may be used as a foundation for further consideration of valorisation 

opportunities. Top valorisation options, as identified by this study, may be further 

assessed using the ‘valorisation business case toolkit’ jointly developed by WRAP 

and Lucid Insight. This toolkit enables development of the business case around 

valorisation, guiding the decision process through an initial top-level evaluation 

and subsequently a more detailed full evaluation. Further details are available at 

http://www.wrapcymru.org.uk/register-download-valorisation-business-case-

toolkit, where the toolkit can also be downloaded free of charge. Using this toolkit 

forms the penultimate stage in the valorisation workflow shown in Figure 1: 

 

 

 
 

Figure 1: Valorisation workflow comprising four stages. (1) Unavoidable 

food waste arisings are identified and mapped. (2) Valorisation options are 

identified and assessed using the techno-economic appraisal tool. (3) Top 

valorisation options are assessed using the valorisation business case toolkit to 

develop their business case. (4) Valorisation option(s) is/are implemented. 

Mapping of 
unavoidable 
food waste 

arisings

Initial appraisal 
of valorisation 

options

Assessment of 
valorisation 

business case

Implementation 
of valorisation

http://www.wrapcymru.org.uk/register-download-valorisation-business-case-toolkit
http://www.wrapcymru.org.uk/register-download-valorisation-business-case-toolkit
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It is worth noting that this report represents a ‘snapshot’ in time, whereby 

valorisation opportunities were explored for currently unavoidable food 

manufacturing wastes. However, as food manufacturing processes become more 

streamlined and technology improves, these currently unavoidable wastes may be 

prevented or at least minimised in the future. Therefore, the BDC recommends 

that valorisation initiatives should target and prioritise waste streams that will 

likely be most difficult to avoid in the future. 
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Disclaimer 

This document has been prepared as a 

result of a short study and should be 

considered as an early stage piece of work 

on the topic. 

 

This document has been prepared in good 

faith on the basis of information available 

at the date of publication without any 

independent verification. The 

Biorenewables Development Centre Ltd 

(BDC) disclaims all representations, 

warranties, and conditions, whether 

express or implied, as to the accuracy, 

reliability, completeness, quality, or fitness 

for any purpose of the information in this 

document. 

 

The client shall be solely liable for any use 

made of any information, reports, data, or 

other deliverables provided to it by the 

BDC. To the fullest extent permitted by 

law, the BDC shall not be liable for any 

loss, damage, cost or expense incurred or 

arising by reason of any person using or 

relying on information, reports, data, or 

other deliverables provided. 

 

Products may be identified by proprietary 

or trade names to help readers identify 

particular types of products but this is not, 

and is not intended to be, an endorsement 

or recommendation of any product or 

manufacturer referred to. Other products 

may perform as well or better than those 

specifically referred to. 

Publicity 

Neither BDC nor the client shall use the 

name, logo, or trade mark of the other 

party, its employees or affiliates in any 

publicity, advertising, or news release 

without the prior written approval of that 

party. 

 

Copyright 

Copyright © 2018 The Biorenewables 

Development Centre Ltd. All rights 

reserved. Certain portions may be subject 

to copyright of third parties (as indicated in 

the document) and further use may require 

separate permission from those third 

parties. 

 

This document is solely for the private use 

of the client for which it is produced. It may 

not be sold, freely issued or published, 

whole or in part, either in print or 

electronically, including on a website, 

without the prior written consent of BDC. 

 

 

  



 

 
+44 (0)1904 328040 | info@biorenewables.org  

 

   

 

  

 

 

 

Biorenewables Development Centre 

 
Biorefining centre developing ways of converting plants and wastes into 

products 

 
The BDC is an open-access R&D centre working at the interface between 

academia and industry to develop, scale-up and help commercialise bio-based 
products and processes. 

 

Many SMEs in Yorkshire and Humberside can benefit from £1000 projects  
funded through ERDF and delivered by the BDC’s professional scientists  

and business advisers.  
 

Visit our website to learn more: www.biorenewables.org. 
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