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Our mission is to accelerate the
move to a sustainable resource -
efficient economy through:

¥ dheenting how we design,
produce and sell products

f  {himking how we use and
consume products

f {&edining what is possible
through re -use and recycling.

Find out more at
wrap.org.uk
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1. Summary z Surplus/Waste mapping results WraP

There is around 200,000 tonnes of difficult to avoid carrot surplus/waste and
nearly 30,000 tonnes of difficult to avoid parsnip surplus/waste providing more
opportunities to get more value. There are a number of practical onsite aspects that
need to be considered when getting more value from  surplus and waste:

A The supply is inconsistent across the year, with higher volumes in autumn and
winter, and smaller volumes over summer

A The material degrades quickly and requires - ‘
appropriate storage or pre -treatments for stability '

=N

A Drying may be desirable to enable more consistent
supply and to stabilise the material, but this must
be economically viable

A If space onsite is required for modifications to the
waste, then this will have to be reviewed with each site

A Redistribution to people and then diversion to animal feed are priorities after
prevention and value adding opportunities have been exhausted



1. Summary z Getting more value: Dried and Wr@P

To To I

pelletised carrot and parsnip

Stability of material is a key consideration for end markets
Refrigeration allows material to be stored for extended periods (up to 2 weeks)

Dehydrated/dried material can be stored for years, but running costs for drying
fresh produce using the technology currently available are high

Drying technologies often apply high heat which can damage functional
components of t hecarotemdsler i al (e. g. 5

Some technology providers can design and build
systems to dry fresh produce in a low -cost and efficient
manner

This yields dried material which has been shown to retain
many functional properties

Some of these providers are working towards the idea of
producing driers for farms/fresh produce processors to
install on -site




1. Summary - Getting more value: WIop©
Pet food ingredient

A The UK pet food sector is actively working to source greater quantities of
ingredients from within the UK

A Vegetable and fruit ingredients are added to pet food for nutritional value in order
to demonstrate natural ingredients on the packaging

A Regarding dry pet food, 4% weight/weight content is sufficient to make this claim
in relation to natural ingredients

A Pet food manufacturers source dried carrot
powder from mainland Europe at between
£2,000 and £4,000 per tonne

A Typical pet food manufacturing sites will use
around 1.5 tonnes of dried carrot powder
per year, which is equivalent to 17-20 tonnes
of raw carrots and parsnips ( dependent on final
moisture content requirements )




1. Summary - Getting more value: Wrap

To To Io

To o

Colourants
Nat ur al | y -catoteness wmoeedsingly used as colourants in the food/drink sector
Col our f or mul a t-camtans fromaasrot,pane oil,smlgae and fungi

These are available in powder and liquid forms and as oil soluble, oil dispersible, water
soluble and water dispersible formulations

5 -carotenes can be extracted either by organic solvent extraction (giving up to 30%
volume/volume carotene extract) or aqueous extraction (up to a maximum of 1% v/v
carotene extract)

Organic chemical solvent extracts are typically purchased at around £115 per kg

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
| ower ) but i ngredient | abels can Iist then
desirable from a clean label, and organic produce, view point

A g u e o tcaroteme extractions at 0.13% v/v sell for around £7.50 per kg



1. Summary - Getting more value: WIop©

Composite materials

A Material science companies are producing high performance products from
sustainable resources

A This includes materials developed from the extraction of ~ nano -cellulose fibres of root
vegetables

A These materials can be used in numerous applications, such as paints and coatings,
personal care, home care, cosmetics, concrete, drilling fluids, and composites

A Issues include ensuring that there is sufficient
feedstock from a single location and how to store fresh
produce surplus without it rotting

A Such companies would be happy to consider using carrots,
parsnips and other fresh produce surplus if they are
able to accessit in a dried and pelletized form

A Sugar beet pellets are currently used and their
purchase price is ~£150 -200/t




1. Summary - A bubble map ranking the WIop©
opportunities

100% The bubble diagram illustrates

the key opportunities according

to their scores. Opportunities are

plotted according to:

A Technology readiness (X -axis)

A Environmental impact
reduction (Y -axis)

A Commercial potential (size of
the circle).
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1. Summary - Conclusions and next Wra,i’_')
steps

A The assessment of value adding opportunities explored a number of potentially
high value options for using surplus streams

A Four options were evaluated as higher priority. T echnology providers and
interested end -users and markets, such as pet food, have been identified for each

area

A For businesses looking to progress these opportunities, an internal review of all the
options presented is recommended to confirm the top priority areas of interest

A Feasibility studies may be required to further review stakeholders and specific
solutions Iin the prioritised areas, and to
strategy, investment scope, facilities and capabilities, as well as regulatory
requirements where needed

A Please contact WRAP for further discussion, supporting evidence and details in
addition to this report
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2. Background z Getting more value from wrap
waste through Courtauld 2025

o Courtauld 2025 is an ambitious voluntary
agreement that brings together a broad range of
organisations to make food and drink production
and consumption more sustainable

new criteria

by \ This part of Courtauld 2025 finds innovative ways to

i get more value out of wastes and surpluses via:
A waste value adding projects for dairy, fresh
innovative Influence f produce, fresh produce and drinks sectors

ways to make / g ; .
Biat ke of ket st /A waste value adding support via academic
wastes and and reduce n etW()rkS

A internal evaluation of opportunities through
guantification and characterisation of
RS ot compounds from the surplus/wastes
A providing insights on value adding opportunities




2. Background - Aim and objectives Wra,P

The aim of this work was to consider current processes in the fresh produce industry that result in
product surplus and waste with a view to transforming this  into valuable commodities.

The project objectives were, as far as reasonably possible within the resource constraints, to:

A Map and quantify difficult to avoid food waste streams across the production lines of selected
fresh produce sites

A Undertake a comprehensive review and evaluation of options available to enhance these fresh
produce sector wastes, including any technologies and approaches which have not previously
been applied to the UK fresh produce industry

A Identify an array of suitable and innovative technologies which are capable of recovering
valuable chemicals and compounds from the  surplus/waste

A Appraise said technologies or innovations in terms of

practical, economic and technical feasibility

technical readiness level and expected timeframes to market readiness
barriers to commercialisation and expected costs to overcome these barriers
market impact and commercial value of the technology

o T>o T To



2. Background z Project scope Wrap

During 2016 and 2017, WRAP, in collaboration with Green Gain, Lucid Insight and the BDC,
conducted detailed mapping of difficult to avoid surplus and waste flows from the UK fresh
produce industry

Initial mapping was carried out across selected sites at major stakeholders in the fresh produce
sector. The mapping work aimed to identify the  difficult to avoid process waste being generated
across the following, fresh produce categories:

A Whole packed carrots
A Whole packed organic carrots
A Whole trimmed packed parsnips

For the purposes of this study solutions relating  to land spreading, anaerobic digestion and direct
utilisation (as low value animal feed) were excluded, as these routes are already well known to the
fresh produce industry as a whole

Redistribution for human consumption has also been excluded, but is encouraged.
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3. Methodology - Overall project process wrap

Mapping
¥ Onsite audits of processes at selected sites across two major stakeholders in the fresh produce sector
Mapplng ¥ Investigated the following products: carrots, organic carrots, and parsnips
¥ Established quantities of difficult to avoid product waste at each process stage

¥ Related this site -specific data to national fresh produce sector production to provide UK -wide
quantities

Options Identification

Value ¥ Global secondary searches: scientific, patent, market, and industry sources
ad dln g ¥ Identification of adjacent sectors, industry and related areas
¥ Access to networks and targeted knowledge holders
Phase 1 ¥ Ideas were identified and screened against a high -level assessment of the

technology readiness, and market attractiveness

Options Evaluation
i ¥ Targeted searches conducted to gather data on specific solutions
Value addmg ¥ Interviews with experts and stakeholders provided further
insights
¥ Tests and trials conducted on materials
¥ Scoring and prioritisation of options

Phase 2




3. Methodology z Surplus/waste mapping Wra,io

Sites were selected for auditing from across participating national, fresh produce
brands

Product lines were identified, with a focus on: carrots, organic carrots and parsnips

A number of stages were involved in carrying out the waste mapping work:

1.

N o osw N

Site tours

A manufacturing process overview

Analysis of production efficiency databases, sales data, and waste data
Quantification and composition of  surplus

Udenti fication of waste Yhot spotsA
Quantifying the proportion of the waste thatis  difficult to avoid

Using generic industry research and data to extrapolate findings for the sector



3. Methodology z identifying opportunities wrap
for getting more value

The fresh produce sector mapping data was then employed to identify
opportunities for getting more value using the following approach:

Task 1: ¥ Volumes and composition
Review of surplus/waste data ¥ Sources of arisings with geographic breakdown

Task 2: ¥ Composition of  difficult to avoid streams (protein,
- fat, carbohydrate, calorific value, moisture content
Characterisation etc.)
Task 3: ¢ Existing routes or uses

¥ Temporal availability (seasonal/storage/transport)
¥ Spatial availability - transport, storage

Current accessibility

Task 4: t Likely market changes (price)
Future accessibility ¥ Future quantities (anticipated sector growth)

¥ Identification of existing and close market
commercial value adding opportunities based on a
TRL evaluation and a basic cost benefit analysis

Task 5:
Options appraisal




3. Methodology - Scoring WIop©

A scoring system on a scale of 0 to 10 was developed for scoring and ranking these
value adding opportunities. The selected criteria are outlined in the following slides.
The highest priority options were scored on the following areas:

A Technology Evaluation: Technology readiness level, and Technical
feasibility/complexity to reach commercialisation

A Commercial Evaluation : Size and trajectory of market, value of product & potential
scale of production, benefit from specific product, and Capex and cost/complexity to
manufacture product

A Environment and Resource Evaluation: Residues remaining if specific value
adding option is applied, waste hierarchy and displacing of fossil derived products,
and resource input (energy, water, chemical) requirements

*It is recognised that other criteria could be addressed, but were outside the scope of this study



3. Methodology - Scoring criteria

Criteria Description of criteria
TRL Technology readiness level
Technology Feasibility, complexity and level of investment to reach
Evaluation |Feasibility commercialisation

Market health Size and trajectory of market in Europe

Commercial Product value Value of product & potential scale of production from by-product

Evaluation Novelty, differentiation, disruption (cost), or specific benefit derived f
S ele i =il B by-product utilisation

Cost & complexity Cost and complexity to manufacture product
, Residues Residues volume and potential to valorise or challenge to dispose
Environment . — - . .
Relative position on the waste hiererchy, or whether displacing foss
and Resource : .
Waste hierarchy derived products

Efficiency

Resource input Resource input (energy, water, materials) for processing

wrap



4. Surplus /
waste mapping
results




4. Surplus/waste mapping results 7 A0
Causes W 1

A

Carrot and parsnip surplus and wastes occur for a variety of reasons and may differ according to
the on -site setup, age and efficiency of the process lines, maintenance programmes and staff
training

A significant issue is fulfilling produce specifications for ~ customers. Most difficult to avoid losses
occur at the sorting tables and grading machines. This makes up the bulk of carrot surplus.

The majority of surplus is used for lower grade (class 2) human consumption. The remainder is
sent to animal feed, and this is the focus for getting more value opportunities

Parsnips require trimming and this can account for an additional 7% of losses of intake. They
also bruise easily, creating further rejects

The end of season sees more diseased material, thus
increased losses

For the UKAs | arge fresh prodIks
majority of the Yeasy winsA o
preventing major floor spills, have already been addressed

Floor spills can still be significant , especially when the
produce is wet and slippery, or very dry and clumps together




4. Surplus/waste mapping results 7 Wrapo
Totals 1

The UK carrot and parsnip surplus/wastes (excluding class 2 surplus) are estimated
below. Organic carrots tend to have lower levels of waste. The vast majority of this
waste is difficult to avoid, primarily due to product quality specifications and parsnip
trimming, rather than floor spills or other more avoidable losses:

Typical non -food

. Tonnes of non -food
waste 2 (percentage of

waste per annum

Tonnes of intake

per annum 1!

intake)
Carrots 731,000 5, -122;&'(3;2(@@%?0?”;3) 1?1673:;88 Eg iggjﬁgg
Parsnips 84,000 35% 29,400
TOTAL 815,000 : 117,100 to 226,800

1. Based on DEFRA provisional data for 2015 UK grown carrots or parsnips (does not include imports due to lack of accurate data)
2. Class 2 or other produce used for lower grade human consumption are not included in these figures



4. Surplus/waste mapping results 7
Existing management methods Wra}p

A Based on the mapping work, the fresh produce sector typically manages the
material that is not suitable for class 2 markets by sending it for  animal feed, or in
some instances to anaerobic digestion facilities

A The rejected material is sent via conveyor belts to a collection point. There may be a
final sorting table to enable any good produce that has been rejected in error to be
returned to the processing line. The conveyors will typically send the material to a
crate or trailer for collection

A A very small amount may be captured in a compost stream, which primarily retains
straw, mud and stones



4. Surplus/waste mapping results 7 Wrap
Existing management methods |

An example range of typical values and costs is as follows:

% of total

Method Waste description waste Cost/ income
managed

Animal feed Rejected carrots or >98% | £0 to +£30/t
parsnips

Compost Rejec_ted carrots or <20 £100/t
parsnips




4. Surplus/waste mapping results z WraP
Existing waste management methods

Based on the mapping work, the root packing sector typically manages its waste
surplus through the following methods:

A Carrot and parsnip surplus primarily go to
animal feed
A Anaerobic digestion has been explored
but is not considered a good option:
A The energy value in carrot and parsnip
Is poor and inconsistent (approx. 5
times the tonnage of carrots to give
the same energy as maize with
increased digestate)
A Rot material may be detrimental to the
m Animal feed = Compost System
A They require chopping as a pre -
treatment

2%




4. Surplus/waste mapping results  z Site Wrap
logistics

There is up to 197,400 tonnes of difficult to avoid carrot surplus/waste and 29,400
tonnes of difficult to avoid parsnip surplus/waste providing more opportunities to
get more value. There are a number of practical onsite aspects that need to be

considered when getting more value from  surplus and waste:

A The supply is inconsistent across the year, with higher volumes in autumn and
winter, and smaller volumes over summer

A The material degrades quickly and requires
appropriate storage or pre -treatments for stability

A Drying may be desirable to enable more consistent
supply and to stabilise the material, but this must
be economically viable

A If space onsite is required for modifications to the
waste, such as drying or inside storage, then this
will have to be reviewed with each specific site




5. Opportunities
for getting more
value




5. Getting more value z opportunity mapping Wra,i’_')

The first phase of identifying opportunities for getting more value involved a
mapping process

Research of the available literature and research papers on extracting value
from whole packed carrots and parsnips was undertaken

Based on this research a broad range of opportunities for adding value to
surplus were mapped

The mapping includes all types of opportunities, ranging from options which
have commercial potential to opportunities that are still being researched in the
lab

The list is intended to show the range of potential possibilities, but does not
consider the economic or technical feasibility of using the  surplus materials



5. Getting more value (carrots ) 7 Wr(-"yi_)
Mapping food & consumer health

Fresh or frozen grated, cubes, sticks from off-cuts

Removal of diseased ' EU Provalor Project
i Juices, smoothies
s ro_tten material Pressed or blended products | Noheatjuidng ©  (Bond, R, 2016; Savse N.D.)
required for some of '
| Puree © Babyfoods

these routes.
Less need where
extracts are derived.

Marmalade, soups, chutney, pies

Processed food ingredient Carrot cake

Bakery products

Bread (Blatt et al, 2011)

GNT Exberrry natural food colourings

Food and
Consumer Healthcare

MNatural food colors such as caramel, annatto, turmeric, and carrot are added to

AETR U g ET 6T 1S meat products. (MarketandMarkets, 2015)

Red leicester cheese was traditionally coloured with carrot juice

Functional fibres as ingredient e.g. in cereals (Hsu, 2006)

Functional foods o  Stable functional ingredient with beta carotene from enzymatic hydrolysed carrot pomace. Characterisation
+ and Application of a Functional Food Ingredient Containing Carotenes and Oligogalacturonic Acids from
Carrot Pomace. Schieber, A, Stoll, T., Schweiggert, U. and Carle, R, 2009

Suutarinen et al used enzymes to increase available
Vitamin A and its precursor beta-carotene (terpencid) ©  carotene in carrot peelings

Dietary supplements s carrot peels contained about 7 mg/g (Enzymatic Liberation of Functional
Phenolics ©  Compounds from Vegatable Peel Matrix; M. Suutarinen, P et al, VTT, 2009)




5. Getting more value (carrots) Z Mapping Wr(-‘%_)
medical uses

oligogalacturonic adids in hydrolysed carrot pomace

Antimicrobial
Polyacetylenes (Dawid et al, 2015)
Polyacetylenes (Dawid et al 2015; Zaini et al, 2012)
Anticancer carrot pectic polysaccharide (CRPP) (Natarajmurthy et al, 2016)
| Medical Medical News Today reports studies on lung cancer, colorectal cancer, prostate
' cllEl o f  cancer (MND, 2016)
Anti-inflammatory  ©  Polyacetylenes (Dawid et al 2015)

Significant positive changesin vision ifthereis an existing vitamin A deficiency,
Vision ©  which is common in developing countries. (MND, 2016)



5. Getting more value (carrots) Z Mapping WIrapo
personal care uses

Fragrance extract for shampoos, moisturisers, make up e.g. Zinka

Carrot powder sold for natural cosmetic and soap
formulations by Natures Garden Candlesin USA

The Organic Pharmacy Carrot Butter Cleanser

Skin care products  © PhytoTrace product daims to be SPF
booster, antimicrobial and cell protector
rich in carotenes and polyacetylenes. This

Driedroot ©  product is certifiable to organic standards.

| Personal care |

Carrot 5un

Tanning lotions & Sun creams  ©
_ Wik
: —1 LaveraSunCream k |



5. Getting more value (carrots) - Mapping Wr(-‘%_)
animal and pet feed

Bulk animal feed Whole carrots
Natural B-carotene supplement for preganant
cows and pigs (Go¢gmen et al, 2015)
Compound animal feed or additives | Naturally enhanced yellow colour for
' : egg yolks (Go¢men et al, 2015
- Animal feed | eggyoks(Gog )
Bulk pet feed Whole carrots

Carrot Mash for Horses, Bowen Barbary

Pet feed © Dried O  Nytritive value of carrot (whole plant),
dried at low temperature, for the growing rabbit. (Goby et al, 2008)

Green Dog mix with carrot

Compound
‘ Agrobs AlpenGrun Muslie for horses with dried carrot




5. Getting more value
other industries

Other industries

Textile dyeing

Materials

(Carrots) z Mapping Wrc-‘%_)

Cellulose Nancfibres

CelluComp's Curran with rheclogical and mechanical
properties for numerous applications, such as paints
and coatings, personal care, home care, cosmetics,
concrete, drilling fluids, composites and other potential
applications. (CelluComp, 2016)



5. Getting more value (parsnips) Z Mapping Wrc"YP
Food and consumer healthcare

Removal of
diseased or rotten
material required
for some of these
routes.

Less need where
extracts derived.




