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Executive Summary

As the world strives to build a more sustainable future, there is a need to transition from fossil-based
products to bio-based products. Lactic acid and surfactants are two widely-used chemicals that have a
variety of uses, including several uses in personal care and food industries. WASTE2FUNC is a consortium
that is developing two processes: one to produce lactic acid and another to produce sophorolipids (a type
of surfactant) from bio-based resources. Finding a reliable and sustainable choice of feedstock for these
processes is a challenging task in an evolving landscape, with availability and competition changing as the
demand increases for other sustainable products and fuels. Evaluating the feasibility of using various
feedstocks is critical to ensuring the process can function continuously without costly periods of downtime.
The focus of this report is to identify feedstocks with the most opportunity for use in either of the
WASTE2FUNC processes.

Based on an understanding of the process requirements, a list of feedstocks was identified for further
exploration. Feedstock availability, supply chain security, seasonality, and competition for each feedstock
was analysed across the EU with a particular focus on Belgium (as the research and development of both
the lactic-acid and sophorolipid processes is currently being carried out in Belgium). To identify the
feedstocks with the most opportunity for use in either of the processes, a multicriteria analysis was
conducted based on Belgium. Some of the scores were based on quantitative measurements; however the
majority were rationalised based on current usage, competition, and transportation and storage. The key
feedstocks identified were:

e Food waste from local catering outlets (if the material was source separated)
e Used cooking oil from local catering outlets
e Sugar waste from the sugar-processing industry (molasses and pulp)

Waste from small catering outlets is a particularly interesting option as it currently has low levels of
competition. It can currently be used in anaerobic digestion (biogas production), which could create
competition. Furthermore, it would need to be separated from non-biological waste before collection. Sugar
industry waste has some uses already for biofuel production and in the pharmaceutical market (although it
has to be upgraded before use). However, the low-quality waste often ends up going to wastewater
treatment or in landfill. Based on the data in this report, Belgium is the biggest producer of vegetable-
processing waste (from potatoes, carrots, onions, tomatoes and cabbages) in the EU and this offers great
opportunities to utilise this waste. However, there is some competition for the use of this material from
animal feed and anaerobic digestion.

There are large volumes of food waste available across Belgium that could be used in either of the
WASTE2FUNC processes. Additionally, there would be scope to replicate either of the plants in other EU
countries.
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1 Introduction

WASTE2FUNC aims to valorise food WASTE from the commercial sector by upcycling it to biosurfactants
and lactic acid, two FUNCtional molecules that have a range of applications including cleaning chemicals
and plastic production. Changing the disposal mechanism from landfill to production of new biochemicals
aims to address various United Nations Sustainable Development Goals (SDG) including industry,
innovation, and infrastructure (SDG 9), responsible consumption and production (SDG 12), climate action
(SDG 13) and life below water (SDG 14).

The project has a series of objectives which encompass the product/process development and commercial
scalability/applications of products. The overall outcome should be a comprehensive assessment (business
case) of the opportunity to produce biosurfactants and lactic acid from commercial food waste in
Belgium/Europe for use in retail products.

In this report the focus is on potential feedstocks and the supply of these feedstocks to the process. The
main objectives are:

e To identify to most promising feedstocks based on the process requirements.

e To estimate the available volumes of feedstocks in Belgium and across the EU.

e To evaluate the competition for certain feedstocks.

e To assess the potential deployment methods.

e To analyse of greenhouse gas (GHG) savings for different end of life waste measures.

The outcome of this report should be a comprehensive understanding of the available commercial food
waste feedstocks across the EU suitable for the processes. This information can be used by the other project
partners to build supply chains with minimised risks and the potential start-up of more processing facilities
across the EU in the future.

OWASTE2FUNC consortium Page 9 of 39
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2 Approach

At the outset it is important to highlight that, in many circumstances, information on the relevant feedstocks
and production processes are not publicly available. In some sectors there may only be one company or
producer in that area whilst other sectors are made up of lots of small producers. This means information
can be limited and therefore, to give an overall estimation, values are derived from assumptions and
calculations based on information that is available or that can be obtained.

The work was addressed via a series of linked tasks outlined below.

Task 1: Identification of relevant feedstocks

The first step involved a discussion with the process developers (i.e. relevant project partners) to ascertain
what components (chemical and physical) the feedstocks need to deliver. Based on these discussions, the
next step was to identify what feedstocks could deliver on these prerequisites. Once the feedstocks had
been identified a quick assessment had to be made on whether there is a realistic opportunity for a supply
chain to be established. This did not discriminate based on the current scenario: if there is an opportunity
but a new logistics model had to be devised then it was still included for further assessment.

Task 2: Estimation of feedstock availability

Estimation of fruit, vegetable waste arisings

The waste arisings (WA) from various fruit and vegetable processing plants have been calculated using
Equation 1.

WA=xx[P+D)—(C+E)] (1
C=Cxp (2)

In Equation 1, x is the waste production factor in kg or | per kg of processed material, P is the mass of
produced material in that country, [ is the imports to the country, E is the export figure from that country
and C is the consumption within that country. For C, the consumption per capita, G, is determined from
public domain information and is multiplied by the population, p.

The population, production, import, and export data were taken from the FAO database (1) and the
conversion value was taken from Agrocycle (2) (3). To determine the consumption values, public domain
searches were used which in some cases gave values for all countries. This was not the case for all the food
items being studied and often a global average value was given. In this case, the global average value was
used and then modified based on production levels in that country, taking cost into account; these are
reported as two of the main influencing factors on consumption (3). In countries where production and
waste generation are very low, further research was used to identify if there are any commercial production
facilities. If not, the value is assumed to be zero as this waste is most likely generated at restaurants and
small outlets, which is accounted for in section 4.12.

Estimation of cereal crop waste arisings

Equation 1 was also used to calculate the waste arisings from cereal crop processing facilities. However,
because these crops cannot be directly consumed without being processed, the consumption factor is
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removed. This gives the mass of waste produced but, in some cases, such as wheat bran and maize bran,
the bran is also a food product that can be traded — therefore the import and export of these items must
be accounted for. Bran can also be consumed by humans; however, this has not been factored into the final
number as it would constitute a similar market driver as sending material to animal feed. The waste
production factor was taken from Agrocycle (5).

Estimation of oil seed waste arisings

As in the previous section, Equation 1 forms the basis of calculation for oil-seed/crop-processing waste
arisings. In the case of olives, because these can be consumed as a food item, first the net number of olives
used for olive oil production have to be determined, then the amount of cake produced, and finally how
much of that cake remains in the country. The waste production factor was taken from Agrocycle (3).

Estimation of waste arisings from slaughterhouses

For animal waste arisings, the Eurostat database gives the number of animals sent to slaughter (6).
Therefore, the average mass of an animal at slaughter must be used to determine the mass of animals sent
to slaughter and this can be used to determine the mass of waste arisings based on the waste production
factors in Agrocycle (7).

Estimation of waste arisings from the dairy industry

For these processes, the EuroStat database was used to determine how much dairy product was produced.
In the cases of whey waste (cheese), butter residue (butter), and dairy sludge (milk) the mass of waste could
be determined by simply multiplying the amount produced by the waste production factor (7). For the
amount of rotten milk, the waste production factor is based on the mass of milk consumed.

Estimation of waste arisings from beer production and refined sugar production

Volumes for beer production (8) and sugar production (9) were obtained using publicly available data and
waste was calculated by using waste production factors from literature (10) (11).

Estimation of waste arisings from other processes

Information can be limited for certain processes; therefore, an estimation must be made based on known
information. In these cases, the amount of a food item produced must be determined by analysing the net
supply of raw materials and the number of commercial or retail units. Waste arising factors are taken from
case studies, research and in person conversations and used to determine the amount of waste available as
a feedstock.

Task 3: Multicriteria Analysis (MCA)

To identify the most eligible and feasible feedstocks, an MCA has been used based on factors that impact
on the security of the supply chain. Risk minimization has been considered and the sensitivity to geopolitical
and climate problems.

Task 4: Carbon savings and sustainability assessment

A basic assessment of the potential carbon savings or improvements in sustainable practices has been
conducted qualitatively. This is also a method of highlighting the most promising feedstocks.

©WASTE2FUNC consortium / Page 11 of 39
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3 Understanding the feedstock requirements

To identify the most suitable feedstocks, first the process feedstock requirements must be assessed. Each
process has been considered individually as the requirements differ slightly.

Lactic acid production

The lactic acid plant is being developed in the port of Antwerp by TripleW®© with the assistance of Group
Op de Beeck. Both are partners in the WASTE2FUNC project. The main feedstock of lactic acid production
is glucose. This is because the glucose is metabolised into pyruvate (an intermediate) which is then turned
into lactic acid. Glucose can come from a variety of feedstocks including sugars, starch, lactose and
cellobiose. For this process, some specific requirements that must remain contain confidential are also
being considered.

Based on this information, the initial focus was on feedstocks containing high levels of sugar such as waste
from sugar processing, waste from confectionary production, waste from bakeries and waste from sugar
drink production and breweries. In addition to these feedstocks, wastes from the fruit and vegetable
processing industries and the dairy industry were also considered. Waste from the catering and hospitality
industry and from supermarkets was also considered also. This is often a more diverse feedstock and may
require additional processing such as separating out waste plastic.

Sophorolipid production

The sophorolipid production process is being developed in Ghent by Bio Base Europe Pilot Plant, the lead
partner in WASTE2FUNC and the strains are beg-ing developed at Ghent University. The process aims to
produce sophorolipids by microbial fermentation. Like for lactic acid production, glucose is a key raw
material for the process. The glucose is used to form the hydrophilic sophorose head of the surfactant
molecule. Fructose can also be used for the same purpose. The hydrophobic tail is produced from fatty acid
chains commonly found in most oils and fats. The fatty acid chain length should be between C12 and C18.
The producers have said that they would prefer the fatty acid chain lengths to be as homogeneous in length
as possible; with most waste streams this is particularly challenging. However, this may be achievable based
on the ratio of different chain lengths. The nitrogen content wants to be as low as possible. This can be
adjusted by adding glucose (from a first-generation source) but should be avoided if possible.

Based on this information, many of the feedstocks for lactic acid process are applicable to sophorolipid
production. This includes glucose from sugary waste and fruit and vegetable processing. Dairy waste is less
interesting as it can contain high levels of lactic acid. In addition to the glucose the process requires FAs.
This can come from the residue of oil seed processing or used cooking oils (UCO).

OWASTE2FUNC consortium Page 12 of 39
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4 Assessment of available feedstocks

In this section the estimated feedstock volumes are discussed, along with competing uses, and their
suitability based on the composition requirements.

Fruit and vegetable processing waste

This section discusses waste that is produced at fruit and vegetable processing facilities, for example waste
produced from extracting juice to make drinks or canned products. Table 1 shows the calculated volumes
of apple, pear, grape, orange, and strawberry residue. These residues come from the extraction of juice and
pulp to make drinks such as juice and wine, and preservatives such as jam and marmalade.

Fruit waste would be desirable in either process as it is high in sugars including glucose and fructose. These
residues can be used to make animal feed and has a value to this market. It is also valuable for making
compost and used in anaerobic digestion. These wastes are high in moisture and therefore transportation
is more expensive, and they are often dried or dewatered to make this process more feasible. Wastewater
from the processes are usually discarded by wastewater treatment or by AD.

Italy is the largest producer of fruit waste in the EU (2.3 million tonnes). This comes from a mixture of wastes
as shown in Table 1. They are the largest producer of grapes which results in very high volumes of grape
marc waste (1.67 million tonnes). Italy is also the largest producer of waste from orange processing in the
EU (approx. 365,000 tonnes) despite Spain being the largest producer of oranges (just under 3 million
tonnes). This is because Italy has greater imports of oranges whilst Spain has larger exports. Spain is the
second largest fruit waste producer in the EU (1.8 million tonnes), again this comes from a diverse range of
wastes but is mostly from oranges and grapes. France is the third largest producer of fruit waste in the EU
(1.5 million tonnes), over 80% of which comes from grape marcs. Italy, Spain and France together producer
80% of the grapes and grape marc waste in the EU. Poland is the fourth largest fruit waste producer in the
EU (0.9 million tonnes) and this is driven by the large production of apples. Poland is the largest producer
of apples in the EU (3.55 million tonnes), producing over 1 million tonnes more than the second highest
producer, Italy (2.45 million tonnes). Germany is the fifth largest fruit waste producer in the EU and this
comes from apples (approx. 290,000 tonnes) and strawberries. Germany is only the fourth largest producer
of apples, behind Poland, Italy and France, however has very high import levels which makes it the second
largest producer of apple waste. Conversely for strawberries, Germany is the largest producer in the EU.
The main driver for the strawberry processing in Germany comes from the dairy industry which uses the
fruit in a variety of products for brands such as Miiller and Dr Oetker.

Belgium is the 12" largest producer of fruit waste in the EU (approx. 50,000 tonnes per annum). The supply
of apples, pears and strawberries in Belgium outstrips demand and therefore more fruit is exported from
Belgium than imported. This is the opposite for grapes and oranges where the supply chain is reliant on
imports. In terms of waste arisings, pear processing, mainly for cidre, produces the largest volumes of fruit
waste in Belgium (approx. 18,000 tonnes) and Belgium is the 6% largest producer of pear waste in the EU.
Belgium is the 2" |argest producer of pears in the EU, second to the Netherlands, but has high levels of
exports and low imports. The second largest volume of waste comes from orange processing (approx.
12,000 tonnes) however this supply chain is entirely reliant on imports as no oranges are produced in
Belgium. This is a particular risk if reliant on this material in the supply chain. Interestingly Belgium is the 8™
largest producer of strawberries in the EU but is the 5" largest producer of strawberry extrudate — this
supply chain offers a moderate level of risk as production (48,000 tonnes) and imports (42,000 tonnes) and
roughly the same quantity.

OWASTE2FUNC consortium Page 13 of 39
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Table 2 shows the waste arisings from tomato (although it is fruit it is often processed in plants with
vegetables), cabbage, onions, potatoes, and carrots. Vegetable waste arisings also contain sugars, but they
are also high in starches. Tomato wastes can be used in animal feed or for fertiliser. Onion peels and skins
are used to produce health supplements. Cabbage waste mostly constitutes the leaves and is mainly used
for compost and anaerobic digestion. Potatoes and carrots are typically used for animal feed; however, they
are particularly high in starch, and this high starch content can be desirable for ethanol production by
fermentation. However, in some cases the starch is too coarse and not suitable for fermentation.
Wastewater effluents can be highly variable and this impacts on their lifetime before they become spoilt.
Tomato wastewater has the shortest lifetime whilst potato effluent can be highly stable (13).

Based on Table 2 Belgium is the largest producer of vegetable processing waste in the EU. This is expected
as it is home to large vegetable-processing companies such as ARDO and Pinguin (Greenyard), the former
being the largest frozen vegetable supplier in Europe, holding a 20% stake in the market, and conducts 40%
of its processing in Belgium. Potatoes account for 97% of this waste, which relative to the other vegetables
in Table 2 yield the most waste. Belgium is the second biggest potato waste producer in the EU (1.517m
tonnes) —second to the Netherlands (1.519m tonnes). Belgium is not one of the main producers of potatoes
in the EU (4.0m tonnes) and only producers a third of the highest producer, Germany (11.75m tonnes).
However Belgium imports approximately 3.0m tonnes of potatoes and even though per capita has a higher
consumption (90kg per capita) than Germany (70kg per capita), the smaller population means total
consumption is much lower. Belgium is also the 6™ Largest producer of onion waste and the 5™ largest
producer of carrot waste. In the case of the former, production of onions is higher (176,000 tonnes) than
imports (127,000 tonnes). However, for carrots the imports (274,000 tonnes) are higher than those
produced (259,000 tonnes). In both cases the supply chain is partially dependent on imports which means
it is susceptible to problems that might occur.

The Netherlands is the second largest producer of vegetable waste in the EU (4.2m tonnes), 98% of this
comes from potato waste. Germany is the third largest waste producer in the EU (4.17m tonnes), 90% of
this comes from potatoes. Germany is the largest producer of potatoes in the EU (11.75m tonnes) however
is also the largest total consumer of potatoes (approx. 5.9m tonnes). Germany also exports nearly 2.0m
tonnes of potatoes which results in the lower volumes that end up being processed. Germany is also the
largest producer of carrot and cabbage waste. Germany is the largest producer of carrots (800,000 tonnes)
and the second largest producer of cabbage (725,000 tonnes); Poland is the largest (750,000 tonnes).
Poland is the fourth largest vegetable waste producer in the EU (3.85m tonnes); 90% of this comes from
potatoes.

Tomato waste is generated across the EU however the majority is produced in Italy (350,000 tonnes) which
produces almost double the second highest producer Spain (200,000 tonnes). Italy and Spain produce nearly
70% of the tomato waste in the EU however they only produce 60% of the tomatoes. They are home to the
biggest tomato processing plants in Europe in particular CONESA group which is based in Spain and is the
largest player in the European market. Spain is the largest producer of onion waste in the EU (approx. 50,000
tonnes). However Spain is only the second largest producer of onions in the EU (1.3m tonnes). The
Netherlands is the largest producer (1.7m tonnes) however they export (1.75m tonnes) more than they
produce.
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Table 1: Estimated fruit waste arisings from processing facilities

Orange Pomace .
Strawberries

Feedstock Grape Marc Waste Extrudate

Units tonnes tonnes tonnes tonnes tonnes Tonnes tonnes tonnes
Belgium 5,360 2,144 12,848 5,139 4,793 11,905 149 10,335
Austria 44,868 17,947 14,253 5,701 70,190 415 189 4,246
Bulgaria 8,484 3,393 178 71 31,403 245 111 14
Croatia 3,815 1,526 266 106 26,032 450 204 154
Cyprus 196 79 107 43 4,822 1,880 854 2,804

Czech Republic 15,125 6,050 2,183 873 20,520 2,454 1,116 952
Denmark 9,092 3,637 856 342 806 903 411 1,896
Estonia 1,182 473 224 89 72 672 305 924
Finland 2,221 889 107 43 312 1,280 582 2,448
France 147,404 58,961 8,408 3,363 1,269,299 16,761 7,619 7,068
Germany 205,457 82,183 28,407 11,363 256,881 23,090 10,496 44,464
Greece 29,953 11,981 9,742 3,897 156,575 74,915 34,052 370
Hungary 67,283 26,913 1,302 521 88,976 540 245 33
Ireland 10,501 4,201 316 126 425 1,047 476 1,370

Italy 167,576 67,030 26,379 10,552 1,665,179 250,434 113,834 22,276

Latvia 2,849 1,140 81 32 573 405 184 219
Lithuania 11,928 4,771 546 218 141 398 181 108

Luxembourg 680 272 69 28 2,857 648 294 196

Malta 89 36 73 29 468 721 328 77

Netherlands 26,381 10,552 14,114 5,646 1,811 36,559 16,618 2,851

Poland 575,287 230,115 6,498 2,599 14,270 2,950 1,341 36,368
Portugal 35,494 14,198 1,385 554 61,145 21,535 9,789 1,958
Romania 98,481 39,392 2,934 1,173 200,032 3,193 1,451 3,065
Slovakia 4,471 1,789 314 125 9,434 298 136 39
Slovenia 9,311 3,724 253 101 21,737 681 310 405

Spain 39,286 15,715 23,025 9,210 1,432,049 177,844 80,838 16,349

Sweden 10,296 4,119 1,890 756 840 4,301 1,955 2,771
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Table 2: Estimated vegetable waste arisings from processing facilities

Tomatoes Onions Potatoes Carrots
Feedstock C\z;:at;ize
Units tonnes litres tonnes litres tonnes tonnes tonnes litres tonnes litres
Belgium 1,465 240,265 10,711 4,917,036 11,707 @ 1,517,596 | 2,529,327 @ 80,938,454 @ 88,923 3,084,510
Austria 1,542 252,845 13,391 1,003,962 2,390 114,373 190,622 6,099,890 29,033 1,007,072
Bulgaria 7,231 1,185,939 2,089 86,704 206 29,005 48,342 1,546,930 3,749 130,060
Croatia 556 91,205 6,880 112,215 267 9,475 15,791 505,317 3,928 136,258
Cyprus 402 65,965 175 67,422 161 1,832 3,053 97,696 920 31,924
Czech
Republic 254 41,638 11,618 710,112 1,691 39,167 65,279 2,088,917 17,022 590,454
Denmark 307 50,290 8,844 89,942 214 689,485 1,149,142 36,772,558 20,086 696,720
Estonia 261 42,750 410 40,392 96 839 1,398 44,724 6,351 220,301
Finland 1,416 232,209 1,986 49,880 119 71,410 119,016 3,808,522 24,096 835,847
France 23,709 3,888,287 12,962 5,765,430 13,727 | 634,222 | 1,057,037 | 33,825,172 | 156,835 | 5,440,199

Germany 12,170 1,995,799 142,300 4,956,465 11,801 1,366,503 2,277,506 72,880,177 269,423 9,345,624

Greece 40,669 6,669,687 6,407 2,407,618 5,732 4,251 7,086 226,737 2,812 97,546
Hungary 4,802 787,572 4,198 279,308 665 9,296 15,494 495,800 20,683 717,430
Ireland 196 32,071 3,664 261,671 623 51,164 85,273 2,728,745 19,424 673,786
Italy 294,760 48,340,715 28,712 1,652,892 3,935 48,038 80,064 2,562,052 87,945 3,050,584
Latvia 402 65,932 4,643 151,967 362 2,534 4,223 135,123 6,301 218,566
Lithuania 647 106,065 12,598 240,214 572 11,408 19,014 608,448 10,153 352,197
Luxembourg 50 8,145 141 9,307 22 321 536 17,147 1,125 39,028

Malta 445 73,001 745 101,714 242 420 700 22,402 510 17,681

Netherlands 1,554 254,778 11,936 1,352,351 3,220 1,519,249 | 2,532,082 @ 81,026,616 | 68,370 2,371,584
Poland 27,876 4,571,610 103,680 8,622,441 20,530 1,272,778 2,121,297 67,881,502 206,598 @ 7,166,368
Portugal 65,407 10,726,738 27,319 1,485,052 3,536 40,356 67,260 2,152,311 34,361 1,191,891

Romania 20,208 3,314,171 14,748 2,433,778 5,795 336,877 561,461 17,966,765 = 31,223 1,083,056

Slovakia 9 1,404 3,931 44,484 106 11,070 18,450 590,405 6,897 239,224
Slovenia 295 48,386 5,754 131,308 313 3,233 5,389 172,450 2,791 96,816
Spain 171,001 = 28,044,163 29,656 15,279,326 36,379 103,277 172,129 5,508,130 57,951 2,010,159
Sweden 1,850 303,368 7,830 489,512 1,166 120,514 200,856 6,427,388 32,994 1,144,493
755
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Oil seed and fruit processing residues

Oil seeds and fruits are crushed and ground to extract the oils which are used for cooking or for producing
other food items. The net mass and volumes of residues that are used/produced in each country are shown
in Table 3. Solid residue from the seed/fruit is filtered out from the oil and is termed cake. This cake is traded
internationally as it can be used as a fuel for heating or power generation or for producing biofuels by
extracting the residual oil. The value of the residue is dependent on the extraction and harvesting process.
If the seeds/fruits are washed before extraction some of the mineral content is removed thus reducing the
minerals present after extraction. Qil extraction occurs over multiple stages, typically 2—3, if 3 stages are
used the cake is often much lower in moisture increasing its value. The cake consists mostly of seed/stone
residue (up to 70%) which is quite fibrous because of the high lignin content. This makes it less desirable,
however there is oil remaining in the residue which could be extracted by using solvents (12).

The numbers in Table 3 represent the mass that is used/disposed of in each EU country; this is because cake
is a traded commodity. Based on this, France is the largest net user of rapeseed cake, followed by the
Netherlands, Spain, Denmark, Ireland and Finland in descending order. However the largest producer of
rapeseed and rapeseed oil is Germany. Germany is also the largest exporter of rapeseed cake in the EU.
Similarly Poland, Czech Republic, Lithuania and Romania are some are the largest rapeseed producers in the
EU but also have very high exports. Conversely the Netherlands is one of the lowest producers of rapeseed
but imports nearly 1.0m tonnes per year.

Spain is the main producer of olives and olive oil in the EU and Greece is the second largest. It is therefore
no surprise that these are the biggest users of olive cake residue. Italy is the third largest producer and in
the same trend as Spain and Greece is the third largest waste user.

France is the main user of sunflower cake, followed by Romania, Italy, Spain and Hungary. Romania is the
largest producer of sunflower seeds and the largest producer of sunflower oil in the EU. Bulgaria is the
second largest, followed by Hungary and France. ltaly’s sunflower cake usage is reliant on imports as this
makes up 80% of its supply.

Soap stock is a by-product of oil processing that consists of high concentrations of lipids, these lipids can be
broken down by mineral acid to acid oil which is high in fatty acids. Soap stock is at pH 9 and is very viscous
which makes it difficult to store, handle and transport. As with any oil-based feedstock, they are highly
desirable for liquid fuel production with the lowest quality feedstocks being used as a solid fuel in biomass
boilers. The residue is also used for nutritional value in animal feed. Because oil seeds are typically processed
in the country they are grown in, this would be a seasonal feedstock especially in northern Europe where
the cold winters prevent farming (available from spring through to summer). In southern Europe there is
more opportunity for these materials to be grown throughout the year however extreme heat and draught
in the summer months can also prevent year-round harvests.

Romania and Bulgaria are the largest producers of sunflower acid oil, this is from their large sunflower oil
production industry. This is the same for Hungary and France. Germany produces the highest volumes of
soybean soap stock and this is being driven by the biofuel industry. Almost 98% of the soybean supply chain
in Germany is from imports which has higher levels of risk for any volumes coming from outside the EU.
Italy is the largest producer of soybeans (1.0m tonnes) over double the second highest France (410,000
tonnes). Thereis a large risk in the supply chain because nearly 75% of the EU’s soybeans come from imports
outside the EU.
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Table 3: Estimated oil seed waste arisings from processing facilities

Sunflower Acid Soyabean Soap
Oil Stock

Feedstock Rapeseed Cake Olive Cake Sunflower Cake

Units tonnes tonnes tonnes tonnes tonnes
Belgium 26,928 539 143,678 0 1,373
Austria 81,024 362 48,586 1,534 793
Bulgaria 71,657 291 390,562 46,805 19
Croatia 40,256 5,118 103,825 3,241 44
Cyprus 4,582 3,934 39,121 0 0

Czech Republic 5,000 910 1,137 1,200 121

Denmark 372,142 522 264,933 0 0
Estonia 54,566 108 6,110 0 0
Finland 231,638 61 7,501 0 0
France 960,794 7,143 1,769,433 43,391 2,519

Germany 105,477 3,466 378,605 1,566 11,740
Greece 550 1,106,615 171,865 6,607 835
Hungary 190,614 432 571,937 45,845 627
Ireland 232,296 528 80,719 0 0

Italy 63,444 535,218 823,326 8,097 9,602

Latvia 113,356 1,184 0 0 0
Lithuania 162,182 429 18,356 0 0

Luxembourg 6,292 99 98 0 0

Malta 0 3 1,829 0 0

Netherlands 770,247 2,571 264,060 0 10,446

Poland 139,295 3,831 408,431 401 177
Portugal 71,328 203,773 5,765 258 4,158
Romania 46,977 1,455 934,313 59,364 1,323
Slovakia 76,335 191 87,391 3,705 170
Slovenia 30,415 953 21,431 0 0

Spain 561,681 2,307,818 715,243 24,106 10,007

Sweden 154,743 107 20,095 0 0



Deliverable 2.2: Mapping industrial and agricultural waste and side streams in Belgium and Europe

Cereal crop processing residue

Cereal crops include barley, wheat and maize and the waste arisings are shown in Table 4. The residues in
this section are all obtained post harvesting. The waste from cereal processing mainly consists of bran and
hulls/husks. Bran is often used to produce other food items and mostly as a fibrous supplement in animal
feed. Bran is high in sugars which means it can be used as biomass for heating or in fermentation processes
for ethanol or iso-butanol production. The numbers in Table 4 also includes the hulls/husks, barley and
wheat, which are highly fibrous and not digestible by humans or other monogastric organisms. It is for this
reason that only a small amount is added to animal feed, and it is often considered a low value waste. As
with oil seeds, these are a seasonal feedstocks which are impacted by cold and hot weather conditions.

Barley is grown across the EU but Spain is the largest producer in the EU (11.5m tonnes). Germany (10.8m
tonnes) and France (10.3m tonnes) are the second and third largest producers respectively. The EU is self
reliant on its stocks of barley as its production outstrips the imports. France is the biggest exporter of barley
(6.8m tonnes) hence the waste produced is lower. Other notable large producers are Denmark, Poland
Netherlands and Austria.

The EU produces approximately 127m tonnes of wheat per annum, France produces nearly a quarter of this
volume. The same as barley, France is the biggest exporter of wheat in the EU so the waste produced is
lower than expected. Germany is the highest waste producer of wheat waste and is also the second largest
producer of wheat in the EU (22.1m tonnes). Poland, Spain, and Romania are also large producers of wheat,
in the case of the latter, Romania exports 54% of its total supply.

France is also the largest producer of maize in the EU (13m tonnes). Romania is the second largest producer
of maize (10m tonnes) followed by Hungary (8.4m tonnes), Italy (6.8m tonnes) and Poland (6.7m tonnes).
However in terms of waste from maize Italy is the largest producer followed by Spain, France and Germany.

Of the cereal crops, Belgium produces most waste from wheat, then maize and the lowest from barley. This
is the same trend as the production volumes. However of the three cereal crops, wheat is the most reliant
on imports, nearly 70% of supply is from imports, and therefore has the highest risk. Barley has the lowest
risk based on the ratio of produced to imports (1:0.87) but the volumes produced are much lower (330,000
tonnes). Based on these factors the maize supply chain has the most opportunity since the ratio of produced
to import is relatively similar to barley (1:0.79) however the volume produced is much higher (2.4m tonnes)
so is less sensitive.
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Table 4: Estimated cereal crop waste arisings from processing facilities

Feedstock Barley Waste Wheat Waste Maize Waste ‘
Units tonnes tonnes tonnes
Belgium 238,725 1,179,363 615,430
Austria 1,323,664 314,579 138,121
Bulgaria 116,898 236,473 75,353
Croatia 109,488 79,367 189,522
Cyprus 102,295 18,866 43,373
Czech Republic 753,429 397,409 104,003
Denmark 1,758,118 725,795 27,088
Estonia 138,676 16,797 4,560
Finland 615,974 111,919 3,495
France 1,780,931 1,726,058 1,377,325
Germany 4,926,483 3,303,719 1,113,324
Greece 218,378 326,902 286,964
Hungary 341,308 379,531 641,283
Ireland 760,795 351,811 172,297
Italy 766,542 2,714,132 1,913,381
Latvia 104,964 23,599 20,020
Lithuania 188,462 173,948 34,510
Luxembourg 12,238 9,564 1,798
Malta 6,470 4,588 7,351
Netherlands 1,394,578 1,151,524 843,917
Poland 1,424,702 1,599,919 718,825
Portugal 209,658 278,940 373,804
Romania 298,542 758,007 995,715
Slovakia 305,811 103,844 183,861
Slovenia 59,662 29,596 56,676
Spain 5,868,568 2,426,634 1,832,488

Sweden 570,932 422,865 14,175



Deliverable 2.2: Mapping industrial and agricultural waste and side streams in Belgium and Europe

Slaughterhouse waste

Slaughterhouses operate across Europe to produce meat. In this section the focus is on cattle, pigs and
chickens as the most common animals bred for meat production. The waste figures are presented in Table
5 which includes blood, fat, and organs (only for pigs). A large amount of this waste goes to incineration or
landfill because there are limited uses for it and regulations have tightened to prevent the spread of disease.
However, animal fat is desired to produce biodiesel. A feedstock supply from slaughterhouses would be
seasonal because the animals are bred and reared to be slaughtered at specific point in the year.

Blood is mostly water (up to 80%) which would mean it is expensive to transport. Besides water protein is
the next major component (up to 17%) and carbohydrates make up a maximum of 0.01% of blood
composition (14). Animal fat consists of fatty acid chains between C12—C20. Cow and pig fat is mainly made
up of stearic acid (C18) and palmitic acid (C16) (15)(16). Animal fat grading impacts on the price and
sustainability credentials: grade 3 is higher quality and used for animal feed, grade 1 is used for biofuel
production. Organs are often used as delicacies in various countries however this market demand is
massively outstripped by the supply. Organs are mainly made up of gastrointestinal and renal tract organs
and these are collected and disposed of together.

Spain is the largest operator of slaughterhouses in the EU. Big slaughterhouse operators in Spain include
Grupo Jorge, Ibergallus Society and Faccsa. Animals are not typically moved over borders because of risks
of disease so therefore the supply chain is reliant on national production. Germany is the next biggest
slaughterhouse waste producer (1.45m tonnes), followed by Denmark (1.12m tonnes), France (0.91m
tonnes) and the Netherlands (0.86m tonnes). The common trend is the waste from pig slaughter which is
at a much higher production scale and produces more waste. Belgium produces 327,000 tonnes of waste
from slaughterhouses per annum, 95% of which comes from pig slaughter.

Dairy processing waste

The dairy industry produces waste from a variety of products. In Table 6 waste values for whey protein,
dairy sludge, rotten milk, and butter residue are calculated. Whey is a by-product of milk and cheese
processing. After the milk has been curdled it is strained and the liquid residue remaining is whey protein.
Whey has a value in the nutrition market however it must be sterilised and treated to make it into a
consumable product. Whey can also be used for animal feed. Most of the whey ends up being disposed of
through wastewater treatment or in plants producing enough waste an anaerobic digestor is used (17).

The dairy industry is considered the main generator of wastewaters and the majority of this is in the form
of dairy sludge. Dairy sludge decomposes easily as it is high in fat, oil, and grease as well as suspended solids
therefore cannot be stored for long periods. Additionally, its high moisture content makes it expensive to
transport. Dairy sludge can be used in anaerobic digestors or turned into fertiliser as it contains a high
concentration of phosphorus. Besides these applications the remaining goes to waste (18).

Rotten milk is milk that has become spoilt by the development of bacteria within the milk. The bacteria give
the milk an off taste. The rotten milk is typically disposed of with the dairy sludge and sent to AD or
wastewater treatment. Mixing the rotten milk with the dairy sludge can accelerate bacteria growth and
therefore create further issues with storage and transportation. A small proportion of rotten milk is used
to make soured products however the majority is sent for disposal (19).

During butter production milk solids are clarified to ensure the butter has a smooth consistency. The
clarified residue is high in fat and protein. This residue is termed butter residue, some of this residue can be
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turned into a product known as ghee. Ghee is used in cooking and animal feed however there is still a large
amount of waste that cannot be used which goes to landfill (20).

Table 5: Estimated slaughterhouse waste arisings from processing facilities

Feedstock g?;g: Cattle Fat  Pig Blood Pig Fat Orl;igns C;Iiglc()zn
Units tonnes tonnes Tonnes tonnes tonnes tonnes
Belgium 1,100 10,000 93,600 128,700 90,100 3,080
Austria 880 8,000 45,760 62,920 44,050 1,452
Bulgaria 44 400 12,480 17,160 12,010 1,206
Croatia 198 1,800 10,400 14,300 10,010 704
Cyprus 22 200 5,200 7,150 5,010 264
Czech Republic 308 2,800 24,960 34,320 24,025 1,901
Denmark 528 4,800 332,800 457,600 320,310 1,610
Estonia 44 400 6,240 8,580 6,010 176
Finland 396 3,600 16,120 22,165 15,520 528
France 6,380 58,000 249,600 343,200 240,200 14,520
Germany 4,796 43,600 416,000 572,000 400,410 11,440
Greece 154 1,400 8,320 11,440 8,010 2,948
Hungary 132 1,200 45,760 62,920 44,050 2,904
Ireland 2,772 25,200 41,600 57,200 40,040 1,320
Italy 3,520 32,000 104,000 143,000 100,110 12,320
Latvia 75 680 5,200 7,150 5,010 352
Lithuania 176 1,600 9,152 12,584 8,810 880
Luxembourg 44 400 832 1,144 801 10
Malta 4 40 416 572 400 88
Netherlands 2,024 18,400 249,600 343,200 240,240 9,240
Poland 2,464 22,400 145,600 200,200 140,150 11,000
Portugal 396 3,600 49,920 68,640 48,048 3,960
Romania 264 2,400 23,920 32,890 23,023 7,216
Slovakia 35 320 9,360 12,870 9,009 1,056
Slovenia 176 1,600 2,392 3,289 2,302 264
Spain 2,992 27,200 582,400 800,800 560,500 12,320
Sweden 572 5,200 23,920 32,890 23,023 748
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Table 6: Estimated dairy waste arisings from processing facilities

Feedstock Whey Dairy Sludge Rotten Milk Butter Residue
Units tonnes m3 tonnes tonnes
Belgium 706,090 19,434,713 90,450 600
Austria 2,017,400 14,490,000 27,000 684
Bulgaria 770,280 2,745,855 78,300 20
Croatia 302,610 5,071,500 67,500 80
Cyprus 67,858 1,014,300 10,800 0
Czech Republic 5,135,200 10,505,250 43,200 440
Denmark 3,392,900 20,286,000 37,800 860
Estonia 371,385 2,898,000 27,000 90
Finland 917,000 8,694,000 85,050 1,160
France 17,423,000 93,098,250 337,500 8,100
Germany 25,125,800 115,920,000 742,500 8,822
Greece 2,017,400 5,433,750 121,500 40
Hungary 852,810 7,100,100 81,000 86
Ireland 1,742,300 32,602,500 54,000 3,340
Italy 11,462,500 49,628,250 270,000 2,000
Latvia 330,120 3,622,500 8,100 140
Lithuania 761,110 9,418,500 28,350 320
Luxembourg 91,700 1,811,250 5,670 7
Malta 1,559 181,125 5,400 0
Netherlands 4,218,200 54,337,500 324,000 2,820
Poland 6,877,500 43,470,000 175,500 3,620
Portugal 678,580 7,245,000 67,500 600
Romania 797,790 4,709,250 553,500 164
Slovakia 449,330 4,274,550 27,000 140
Slovenia 155,890 2,173,500 10,125 50
Spain 2,109,100 26,082,000 553,500 700
Sweden 825,300 10,143,000 67,500 700
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Waste from breweries

Breweries produce large volumes of sugary waste that has the potential to be converted into many
fermented products such as food, biogas, and feed. Table 7 shows the waste arisings from breweries this
includes malt waste, wastewater, spent yeast, conditioning bottom (CT bottom), filter waste and beer
waste. Malt waste refers to the small rootlets that fall off during the kilning part of the malting process.
These rootlets are known as culm, and they are highly nutritious so have high value to the animal feed
sector. Almost all malt waste is sold to the animal feed sector at a price of 120-240 euros per tonne (10).

The brewing process requires large volumes of water however water is also required for rinsing and cooling.
The water becomes contaminated in the process with sugars, starches, yeast, and suspended solids which
means it cannot be disposed of without treatment. Often it is treated aerobically treated which separates
the wastewater into a reusable part that can go back into the process and a sludge that must be disposed
of and in most cases, this is by landfill. The sludge is high in organic carbon however the nitrogen content is
also high (approximately 5 wt.%) (21).

Spent yeast is a by-product of the fermentation process. It is high in protein and is typically sold to food
production companies. A fraction is also sold to animal feed (10). CT bottom waste is sediment that settles
to the bottom of the maturation tanks whilst the beer matures. The maturing process is critical to ensure
the beer taste. It mainly consists of yeast however also contains sugars and minerals. Currently this is
disposed of by sending it to animal feed for pigs (10).

Filter waste is a mixture of various ingredients for the brewing process. It comprises mainly of yeast,
proteins, and diatomaceous earth. The yeast and proteins could be extracted and recycled back into the
process which would improve beer recovery however most commonly this waste is disposed of by
composting and wastewater treatment. Some plants have started to use this material in AD (10).

Beer waste comes from three main sources: residue in beer kegs returned from ale houses, beer spilt during
the bottling process and beer from products that do not meet quality standards. Most of this waste is used
in animal feed but there are typically small amounts that are sent to wastewater treatment (10).

Waste from the sugar-processing industry and sugar-based products

The production of sugar-based foods such as jam, confectionary and chocolate are a large industry that is
under consumer pressure to become more sustainable. The waste produced from these plants is high in
glucose, fructose and sucrose and would be beneficial to either process. Table 8 shows the calculated
volumes of waste from various sugar processing waste streams and from some sugar products.

In Europe, the main source of refined sugar comes from sugar beet. Sugar beet has the versatility of being
farmed throughout the year across Europe. Once the sugar beet is harvested it is sent to sugar processing
facilities where it is washed and mashed to extract the sugars from the plant. The remaining pulp can be
dried and used as a feedstock for various processes such as bio-based polymer production or for use as a
solid fuel (22). Wastewater is collected from evaporation and crystallisation processes and is sweet from
residual sugars still present in the water as well as oil and grease. This wastewater must be treated before
it can be discharged or recycled (22). Molasses is a viscous residue which is removed from the refined sugar
after it has crystallised. The molasses typically contains more then 30% sucrose and more than 10% fructose
and glucose; however, it is also high in ash components which can make up to 10% of the composition (24).
Molasses is sold and used for producing new food products or in the pharmaceutical industry (this is a
refined product), however it is mainly used as a cheap feedstock for bioethanol production.
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Table 7: Estimated brewery waste arisings

Feedstock Vl\\l/lail':e WWastewater ?(222: Boft-gm Vf/i:se:c:e Vszsetre
Units tonnes litres Tonnes tonnes tonnes tonnes
Belgium 10,800 5,940,000 30,600 19,800 900 37,800
Austria 5,520 3,036,000 15,640 10,120 460 19,320
Bulgaria 2,940 1,617,000 8,330 5,390 245 10,290
Croatia 2,040 1,122,000 5,780 3,740 170 7,140
Cyprus 198 108,900 561 363 17 693
Czech Republic 10,860 5,973,000 30,770 19,910 905 38,010
Denmark 3,666 2,016,300 10,387 6,721 306 12,831
Estonia 960 528,000 2,720 1,760 80 3,360
Finland 2,400 1,320,000 6,800 4,400 200 8,400
France 8,400 4,620,000 23,800 15,400 700 29,400
Germany 52,200 28,710,000 147,900 95,700 4,350 182,700
Greece 2,280 1,254,000 6,460 4,180 190 7,980
Hungary 3,720 2,046,000 10,540 6,820 310 13,020
Ireland 4,800 2,640,000 13,600 8,800 400 16,800
Italy 7,800 4,290,000 22,100 14,300 650 27,300
Latvia 588 323,400 1,666 1,078 49 2,058
Lithuania 1,920 1,056,000 5,440 3,520 160 6,720
Luxembourg 164 90,420 466 301 14 575
Malta 68 37,620 194 125 6 239
Netherlands 14,400 7,920,000 40,800 26,400 1,200 50,400
Poland 24,000 13,200,000 68,000 44,000 2,000 84,000
Portugal 4,380 2,409,000 12,410 8,030 365 15,330
Romania 9,900 5,445,000 28,050 18,150 825 34,650
Slovakia 1,740 957,000 4,930 3,190 145 6,090
Slovenia 1,200 660,000 3,400 2,200 100 4,200
Spain 20,100 11,055,000 56,950 36,850 1,675 70,350

Sweden 2,760 1,518,000 7,820 5,060 230 9,660
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Table 8: Estimated waste arisings from sugar production and sugar-based products

Sugar Inedible Waste Waste
Feedstock Wai?c—:‘gv?/; - Sug:;ll;eet beet Jam Chocolate VV\\II:::i Sugary
Molasses  Products Bars Confection
Units litres tonnes tonnes tonnes tonnes tonnes tonnes
Belgium 3,538,114 235,874 165,112 2,470 2,651 700 4,000
Austria 1,605,968 107,065 74,945 1,900 389 500 3,000
Bulgaria 0 0 0 95 195 100 1,500
Croatia 657,297 43,820 30,674 19 71 0 1,000
Cyprus 2,573 172 120 10 0 0 1,000
Czech Republic 2,885,029 192,335 134,635 0 128 300 2,500
Denmark 1,937,400 129,160 90,412 1,710 29 400 6,000
Estonia 229 15 11 19 0 0 2,000
Finland 316,125 21,075 14,753 380 106 100 2,500
France 19,646,969 1,309,798 916,859 10,545 2,724 5,000 30,300
Germany 21,236,342 1,415,756 991,029 4,351 6,095 3,600 33,000
Greece 66,827 4,455 3,119 570 116 200 4,000
Hungary 520,048 34,670 24,269 19 19 200 5,000
Ireland 7 0 0 570 139 300 5,500
Italy 1,373,553 91,570 64,099 2,660 1,892 2,000 23,500
Latvia 68,864 -4,591 -3,214 152 25 0 1,000
Lithuania 725,320 48,355 33,848 285 20 200 3,500
Luxembourg 2 0 0 10 0 0 2,000
Malta 0 0 0 10 0 0 1,000
Netherlands 5,024,033 334,936 234,455 2,470 7,353 200 21,300
Poland 10,588,363 705,891 494,124 2,280 1,226 2,300 20,000
Portugal 4 0 0 665 30 300 3,500
Romania 583,739 38,916 27,241 285 8 0 5,300
Slovakia 834,834 55,656 38,959 190 75 100 1,500
Slovenia 3,449 100 100 95 9 0 1,000
Spain 1,824,069 121,605 85,123 2,774 1,241 1,600 14,000
Sweden 1,520,322 101,355 70,948 1,045 150 300 3,200
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Belgium produces approximately 4.8m tonnes of sugar beet per annum and this forms 98% of the supply
chain. This provides a secure supply chain that is free of geopolitical problems or being heavily reliant on
imports. However it is sensitive to growing issues if there is a bad season. Based on conversations with sugar
beet crop growers, sugar beet is a robust crop so can tolerate deviations from the normal growing
conditions which minimises this sensitivity.

Waste from jam production is typically from waste product that does not meet quality standards; this is
typically from the products becoming over crystallised and the consistency becoming too granular. These
products cannot be sold for human consumption and are therefore usually used for animal feed. Additional
waste that can be fed into this feedstock from the process include candied peel and wastewater from the
process. Besides animal feed the other main use is to produce compost (23).

Waste from chocolate and confection production is relatively low compared to other sectors. This is because
the processes have optimised their production methods to reuse residue and waste. The main source of
waste comes from products that do not meet specifications. Most of this waste goes to animal feed but it
is not a consistent supply and there is no opportunity to predict when a feedstock arising may be available
(24).

Meat-alternative production waste

The fastest growing diet trend is a vegan diet without animal-derived products. Vegetarian and vegan
alternatives are increasing in production with new sites being set up all over Europe. To ensure meat
alternatives are high in protein, a concentrated protein is produced and sold as a raw ingredient.
Mycoprotein is a non-animal protein that is already being used in commercial products. It is produced from
fermentation of fungi with glucose. The waste generated during production is very high and is often
disposed of by AD. Transportation of the waste if costly as it is low value, so any alternative uses must be
near to the production site. Based on the waste generated at other mycoprotein plants it is estimated that
a fully commerecial facility would produce 10,000 tonnes of waste (25).

Supermarket food waste

Food waste from supermarkets is mainly comprised of food that has exceeded the expiry date and cannot
be sold. Although some of this food is sent to food banks the majority is sent to waste-managemnt
companies. Some supermarket chains have links with AD units to increase their corporate social
responsibility public perception, however this typically requires the transportation distance to be short. The
main constraint with this feedstock is that it must be unpackaged which requires additional equipment.
There are 3,211 supermarkets in Belgium which are a variety of larger “hypermarkets” and smaller
convenience scenes (26). Based on the number of supermarkets and the waste collection figures, a larger
supermarket was estimated to produce approximately 100 tonnes of food waste per year whereas a
convenience store was estimated to produce 5-10 tonnes of food waste (27). Therefore, it is estimated that
46,000 tonnes of food waste is be produced from Belgian supermarkets per year.

Bakery waste

Bakeries produce waste from faulty product that does not meet quality standards. These can be products
that are burnt, have not risen or are the wrong size or shape. Bakery waste is high in carbohydrates and
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relatively low in moisture thus is easily transportable. Belgium produces approximately 700,000 tonnes of
bread per year (28). Approximately 1-2% of all bakery waste is lost and sent to waste (29). Waste from
bakeries is typically sent to animal feed however products that are burnt are unsuitable for feed. Based on
the numbers above it is predicted that 14,000 tonnes of bread waste are produced every year in Belgium.
This is based on waste from large bakeries. Some of this waste contains additional food items such as cream,
jam, chocolate, and sugar. This has an impact on the overall waste composition.

Used cooking oil (UCO)

The UCO market is a growing area of interest and is becoming an increasingly traded commodity (31). It
accounts for 18.5% of the current biodiesel feedstock in Europe (31). The UCO that is traded typically comes
from large industrial units manufacturing fried food in regulated processes. It is estimated that only a third
to fifty percent of UCO available is recycled (31). There is another 50% to 2/3 available from smaller outlets
that is often considered too contaminated or carbonised to be used in biofuel production (32). Based on
these facts, there are between 80,000—100,000 tonnes of UCO available in Belgium, the majority (a
minimum of 50%) comes from 17 commercial fried food producers and the remaining from restaurants and
takeaways (33). Used cooking oil in Belgium, particularly from local restaurants, tends to be higher in animal
fat compared to UCO elsewhere in Europe because of dietary preferences.

Currently under the renewable energy directive (RED), UCO is a double counted feedstock which means it
is an attractive feedstock for use in biofuel production (attracts increased reward). There are growing
concerns over the sustainability of UCO — in particular, imported material from China —amid fears that it is
increasing palm oil uptake by reducing oil recycling and waste oil use in the animal feed sector (30).
Constraints on supply and wider sustainability concerns could affect availability and further treatment of
such feedstock. There are already calls to end double counting for such feedstock across Europe. This could
reduce the amount of UCO being imported and thus the availability for biofuel production (30).

Mixed food waste from catering units

There are 36,235 restaurants and takeaway outlets in Belgium registered in 2022 (34). Additionally, there
are 14,279 bars and cafes (as of 2019) and 13,439 pubs (34). It is estimated this produces 75,000 tonnes of
food waste per year. Some waste-management companies have setups with AD facilities or incinerators
where this waste is used. All catering units have to pay a waste-management company to take this waste.
The moisture content is variable however 50% moisture content can be assumed. The main constraint is
that most of this food waste is mixed with standard waste like municipal solid waste (MSW). This includes
plastic packaging, broken glass, cardboard, garden waste, wood waste and packaging. Therefore, currently
it would have to be separated out from the other non-organic waste. If this food waste were collected
separately, it could be a useful feedstock resource.
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5 Feedstock appraisal: multicriteria analysis

To determine the best feedstock resources, a multicriteria analysis (MCA) was conducted. The analysis
focused on availability and accessibility based on five criteria: volume available, seasonality, competing uses,
transportation and storage, and pre-treatment requirements.

Table 9 shows details of how the scoring works. For each feedstock option, a score is generated by assessing
the current feedstock status against the criteria, the scores for each criterion are added together to give an
overall score for that feedstock. The higher the score, the more available and accessible the feedstock is.
For example, if there is a large volume available continuously throughout the year, there are no competing
uses, the feedstock is dry and can be densely packed together, and there is no separating or removal of
packaging then the feedstock resource would score a maximum 19. This does not account for the suitability
from a process point of view e.g. would this add a rich source of sugar to create high yields from the process.
This assessment is based solely on the case for Belgium and the results are shown in Table 10. For each
feedstock there is a list of Belgian companies who are operate in that sector and have a plant in Belgian
producing waste.

Table 9: MICA assessment criteria and scoring

Volume . . Transportation and
Available Seasonality Competing Uses - Pre-treatment
. . Feedstock is dry and Feedstock could
lable all F k
OhEIr 20400 4 Fugllzlsle s 3 ee‘dstoc Is sent to 4 | stable could be stored for | 4 be fed into the 4
tonnes year landfill-no current uses .
prolonged periods process
25,000- ) Some is being used but Fairly easy to transport
Reliabl feedstock d
50,000 3 sila | € 2 majority is available 3 | andthe feedstock canbe | 3 derems oocr s?eev?ns 3
tonnes PPl and sent to land fill stored for a period ying g
10,000— Supply is Small amounts are Transportation is Organic fraction
25,000 2 pp y 1 . 2 expensive and feedstock 2 must be 2
erratic available
tonnes cannot be stored separated out
less than Feedstock |s-e-arn?arked Feedstock is very wet and Material must be
10,000 1 and competition is very . 1
) expensive to move unpackaged
tonnes high

From Table 10, the best feedstocks are UCO and food waste from catering outlets (restaurants, cafes, and
takeaways), pulp and molasses from the sugar industry, butter residue, and UCO from fried food production
facilities. The waste collected from restaurants scores highly because there is a large source that is not
currently being used and ends up in landfill or incineration. Although this makes it a promising option most
of these units have long term contracts with waste collectors. Pulp and molasses scores highly because they
are rich in glucose and sucrose these offset the costs of transportation however, there is some competition
for the feedstock. Butter residue is a promising option as there are not many uses for the feedstock and
demand is low. UCO from fried food production plants scores highly because of the availability and ease of
transportation however there is strong competition for this feedstock. The lowest scoring feedstocks are
soap stock/acid oil and inedible jam this is because of the limited feedstock availability and in the case of
the latter the irregular supply.
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Feedstock

Belgian
Companies

Volume
Available

Table 10: MCA of feedstocks based on current scenario in Belgium

Seasonality

Competing Uses

#

Transportation and Storage

Pre-treatment

ARDO, . . . .
. o Growing season is impacted by Feedstock has a high moisture
Fruit and Pinguin . ) . ) ) > )
High climate and although imports Used in animal feed, content, low organic value and Material can go
Vegetable (Greenyard), ) ) : ; L
Processin Aldia volumes of and exports keep production compost, and anaerobic 2 | attractive to bacteria (can be straight into 13
Waste € - availability going the supply chain is digestion. ensiled to increase storage the process.
Clarebout sensitive to seasonality. time).
Cake material is mainly Used for animal feed and
. . High imported and exported; s | for biodiesel production. o Qil extraction
Oil Processing 's ! p. ) ) -xp ) upp.y od! ) p- . ) ! Good lifetime and easy to ex !
volumes of chain is sensitive. Growing oil Some material is available, = 2 may be 15
Waste: Cake o ) o transport :
availability crops can be done all year but oil extraction is required.
Cargill depending on the climate. complicated.
q . - I Supplied as a
Qil Processing Very low Used for biodiesel Good lifetime and easy to i L:I)g) rlwowever
Waste: Acid Oil volumes Reliant on imports and exports. production but not highly |« 2 | transport (depending on the qH mav be an 11
and soap stock available desired. moisture content). P isstlje
Belourthe,
Maselis, Winter and spring crops ensure
Molens van ) Pring crop Used for production of Feedstock has a good lifetime )
Cereal High supply over most of the year. ; - Material can go
B oudenaarde, o other food items and can be stored and densified. . )
Processing , volumes of Imports and exports maintain a , 2 o . straight into 15
Molens 'T I . animal feed. Can be used Some drying is required to do
Waste ) availability constant supply. Supply chain is . ) the process.
Kint, ) o in compost and AD. this.
Moulin de at risk from geopolitical factors.

Hollange
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Feedstock

Slaughterhouse
Residue: Blood and
Organs

Slaughterhouse
Residue: Fat

Dairy Industry Wet
Waste: Whey, Dairy
Sludge and Rotten
Milk

Dairy Industry Solid
Waste: Butter
Residue

Beer Processing
Waste

Belgian
Companies

Vanlommel
Euro Meat Group

Danone
FrieslandCampia
Lactalis Groupe

Savencia

Bel Groupe

Chimay Bleue
Karmeliet
Rochefort

Inbev
Alken Maes
Abv de Koninck

Volume
Available

High
volumes of
availability

High
volumes of
availability

High
volumes of
availability

Very low
volumes
available

High
volumes of
availability

4

Seasonality

There are rearing and
slaughtering seasons
however supply is
reasonable continuous
throughout the year.

Same as above

Produced throughout

the year and not that

dependent on imports
and exports.

Produced throughout

the year and not that

dependent on imports
and exports.

Beer production
happens throughout
the year and supply

chains are well
established. Can be

sensitive to political and
climate problems.

©WASTE2FUNC consortilii °/F

FENC

Competing Uses

Some uptakes as a food
and in animal feed (pet
food).

Used in animal feed,
food production,
chemicals production
and for biodiesel
production.

Whey can be upgraded
and used as nutritional
supplement. The
majority must go to
wastewater and sludge
treatment facilities.

Can be sold as a cooking
ingredient but demand
is very low.

Can be used for animal
feed, in AD and other
fermentation processes
(e.g. ethanol, isobutanol
and acetone).

Transportation and Storage

High levels of moisture.

Low moisture content and
stable for long periods.

Feedstocks are biologically
active and wet so expensive to
transport.

Feedstock can be easily
dewatered and therefore easy
to transport. It is not very
susceptible to degradation.

Wastewater would be
expensive to transport but
other material could be
transported easily. Some of
the waste is stable especially
the beer waste. Other material
needs to be dried.
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Pre-treatment

No unpackaging
required.

No unpackaging
required but if it
has been rendered
it can be supplied
in solid blocks.

No unpackaging
required.

No unpackaging
required.

All of the material
isin a direct form,
but some drying
may be required.

#

Total

15

14

15

16

13
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Belgian
Companies

Transportation and

Feedstock —

Volume Available Seasonality Competing Uses

Pre-treatment

# Total

Sugar beet can be
grown throughout the
year and European
4 supply chains are well 3

Can be used for bioethanol
production or AD however it

Sugar-Processing is usually treated by

Waste: High volumes of

Expensive to

ilabili tewater faciliti d
Wastewater availability established and less was ewater facilities an transport
) discharged to the sewage
Raffinerie susceptible to seasonal
o system.
Tirlemontoise and political problems.
(Sudzucker),
Iscal (Finasucre)
—Sucrerie de Molasses does have a value )
) ) Rich sugar source so
. Fontenoy in the pharmaceutical and )
Sugar-Processing ) . ) ) product is valuable
High volumes of food industries however it S
Waste: Pulp and - 4 Same as above 3 3 and would justify
availability must be upgraded. Pulp can :
Molasses . expensive cost of
be used in AD and transport
bioethanol production. port.
Sugary-Product Materne- Erratic supply ) . Dense source of
. ) Very low volumes Some can be used in animal
Waste: Inedible Confilux, ) 1 dependent on faulty 1 3 glucose, fructose,
) available feed.
Jam Products Aldia batches. and sucrose.
Sugary Product
Waste: ) Can be used in animal feed, Dry and stable
Baronie Low volumes o . o
Chcocolate, ) ) 2 Same as above 1 although some material is 2 material which is
. Belgium N.V. available .
Biscuits and too carbonised. easy to transport
Confectionary
Low volumes of )
availability but this Low moisture
. ) . . Supply would be content but it is
Meat-Alternative 3F Bio could increase with . . . . .
. . 2 available throughout the = 3 Could be used in AD. 3 biologically active so
Production (Plentitude) deployment of new
year storage would be an
plants. Only one issue
facility in Belgium. ’
”
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Direct source of
glucose, may
need drying to
concentrate the
sugar.

Direct source of
glucose.

Direct source of
glucose.

Direct source of
glucose.

No unpackaging
required.

3 14
4 17
4 12
4 13
4 15
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Feedstock

Supermarket
Food Waste

Bakery Waste

Fried Food
Production:
uco

Restaurants
and Food
Outlets: UCO

Restaurants
and Food
Outlets: Food
Waste

Belgian
Companies

Carrefour
SPAR
Aldi
Lidl
Makro

La Lorraine
Bakkerij de Trog
Panistar
Bakkerij Carl

Mydibel
Agristo
Barts
Farm Frites
Lutosa

All over Belgium

All over Belgium

Volume Available

Medium volumes
of availability

Low volumes of
availability.

High volumes of
availability

Medium volumes
of availability.
Small volumes
available at lots

of units.

High volumes of

availability. But

small volumes

available at lots
of units.

Seasonality

Supply would be
available throughout
the year however
supply from different
units would be
variable.

Continuous supply
throughout the year.

Continuous supply
throughout the year.

Continuous supply
throughout the year.

Continuous supply
throughout the year.

©WASTE2FUNC consortilii °/F

FENC

Competing Uses

Some is used in AD.

A big use in animal

feed but some waste
that is too carbonised

is unfit for animal
consumption.

No availability all used
in biofuel production

Good supply.
Collection of this
material is still a

logistical issue.

Few uses.

Transportation and Storage

Supermarkets must pay for
waste disposal so transportation
is already a must to landfill sites.

There is a short lifetime but

some of this waste will already
be decaying on collection.

Dry material that is has some
storage time before it starts
decaying extensively.

Easy to transport and a low
susceptibility to decay.

Easy to transport and a low
susceptibility to decay.

Wet feedstock but must be
disposed of. There is a short
lifetime before the material
starts decaying unless the waste
was generated from products
that have started to decay.
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Pre-treatment

A lot of food is
packaged and
therefore
infrastructure is

needed to remove

this.

No unpackaging
required.

No unpackaging
required.

No unpackaging
required.

No unpackaging
required.

# Total

14

14

16

18

18
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6 Carbon savings and sustainability

For each of the feedstocks mentioned, the current scenario has been compared on a carbon-emissions and
sustainability basis, to the case of sending this feedstock for production in either of the WASTE2FUNC
processes. This is basic assessment and a complete LCA and sustainability analysis should be conducted for
a more accurate assessment. This is not a comprehensive assessment and should not be used for informed
reporting.

The comparison has been made based on two main criteria:

- isthere a carbon saving by sending a feedstock to WASTE2FUNC compared to its current purpose,
and
- does this agree with the waste hierarchy (reduce, reuse, recycle, recover, landfill)?

Itis also important to consider: if the feedstock is sent to WASTE2FUNC, what other impacts/consequences
this will have? The results of this comparison are shown in Table 11.

For the two top scoring feedstocks in the MCA, UCO and food waste from restaurants, there is a strong
carbon saving and sustainability case. Use of these feedstocks would not impact on other sectors/industries
and because currently the majority is not valorised, WASTE2FUNC is a promising option. For sugar pulp and
molasses, the scenario would be complicated if some feedstocks were diverted to WASTE2FUNC because
there is already a use for producing biofuels and raw materials. Taking this material from its current
application may increase competition and drive the price up. This could encourage farmers to grow more
sugar beet. Alternatively, additional supplies of sugar cane could be imported from South America which
may have a negative impact on the overall carbon saving/sustainability of the process. In the case of UCO
from fried food production, if any feedstock were to be taken from its current use in biofuel production
additional volumes would most likely be shipped from the far east to make up the deficit which would have
an adverse effect on the sustainability of the process.

Some feedstocks are expected to increase in availability over time. Meat alternative food products (e.g.
mycoprotein) are growing in demand and production is being scaled to meet this demand. As this
production is being scaled up more waste is be generated that currently goes to landfill. As this is an
emerging sector there is currently limited competition for these feedstocks however this could change since
a single plant produces a high volume of waste which makes it attractive logistically.

Using waste feedstocks for fuel production, such as in AD or for biofuel production, makes it difficult to
assess if the overall lifecycle impact is improved by using these feedstocks in WASTE2FUNC. This is because
they are currently trying to reduce the volume of fossil fuels being used and if less biofuels are produced
potentially this deficit would be replaced with fossil fuels. Novel processes converting organic waste to fuels
are being developed, such as converting dairy waste to dimethyl ether (DME) and beer distillery waste to
iso-butanol. In most of these cases the feedstock is generated at the same site as the new fuel production
facility which creates a carbon saving. This must be accounted for if a comparison is being made with one
of these novel processes. These considerations are bespoke and therefore makes an initial assessment of
the carbon savings by sending feedstocks to WASTE2FUNC difficult.
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Feedstock

Table 11: Carbon savings and sustainability comparison of feedstocks

Current Use

Would WASTE2FUNC
improve the carbon
sustainability?

Are there any additional
consequences of this

feedstock going to
WASTE2FUNC?

Does this go against
the waste
hierarchy?

Fruit and Vegetable
Processing Waste

Qil Processing
Waste: Cake

Qil Processing
Waste: Acid Oil and
soap stock

Cereal Processing
Waste

Slaughterhouse
Residue: Blood and
Organs

Slaughterhouse
Residue: Fat

Dairy Industry Wet
Waste: Whey, Dairy
Sludge and Rotten
Milk

Dairy Industry Solid
Waste: Butter
Residue

Beer Processing
Waste

Animal Feed
and AD

Animal Feed
and Biofuel
Production

Biofuel
Production and
Landfill

Animal Feed

Animal feed and
landfill

Food
production,
animal feed and
biofuel
production.

Sewage (water)
and sludge to
landfill.

Landfill

Animal Feed

If any material is going to
landfill, then there is
potentially a carbon

saving.

There is potentially a
carbon saving from the
difference in energy usage
from producing biofuel to
biosurfactants.

A large proportion goes to
landfill which would have
a carbon saving.

None

Material diverted from
landfill would have a
carbon saving.

Diverting the fat from
biofuel production may
have a carbon saving.

Diverting the sludge from
landfill could have a
carbon saving.

Saving from diverting
from landfill

No saving from diverting
from animal feed.

Reduced biogas production
would mean potentially more
fossil gas has to be mined.

Diverting feedstocks from
biofuel production would
mean more UCO being
shipped from the far east to
increase biodiesel
requirements.

Minimal impact on biofuel
production.

Could cause animal feed
prices to increase if there
was a substantial market pull.

Could have an impact on
animal feed prices.

Could affect supply chains for
certain food items.

None

Could drive up the price of
ghee (used a lot in low
economic development

countries)

Could increase the price of
animal feed.

If feedstocks are
diverted from
animal feed, then it
would go against the
waste hierarchy.

If feedstocks are
diverted from
animal feed, then it
would go against the
waste hierarchy.

No

Yes

Yes, if material is
diverted from
animal feed.

Yes, unless the
material is diverted
from biofuel
production.

No

No

Yes
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Feedstock

Sugar Processing

Current Use

Sewage (water)

Would WASTE2FUNC
improve the carbon
sustainability?

Could be a saving from not
having to be treated

Are there any additional
consequences of this feedstock
going to WASTE2FUNC?

Minimal impact based on

Does this go
against the
waste
hierarchy?

and sludge to ) ) No
Waste: Wastewater Iandfii before discharge and volumes available.
' material sent to landfill.
Increased production of sugar
Sugar-Processing Fermentation Potentially a carbon beet or more sugar cane
Waste: Pulp and processes and y shipped from South America. No

Molasses fuel Saving. Could impact supplies of food
crops.
Sugary Product
Waste: Inedible Jam
Products o
Animal feed and Materlfal diverted from Minimal impact on animal feed No for material
) landfill could have a )
Sugary Product landfill carbon savin supply. sent to landfill.
Waste: Chocolate, &
Biscuits and
Confectionary
Meat Alternative
el Potentially a carbon
Landfill and AD sav?n None No
Supermarket Food &
Waste
RIS (S SOEKS i Could increase the price of
Bakery Waste Animal Feed animal feed would not . P Yes
. animal feed.
have a carbon saving.
Fried Food Biofuel Potentially a carbon More UCO would be.sh|pped
. ) ; from the far east to increase No
Production: UCO production saving. L )
biodiesel requirements.
Restaurants and
Food Outlets: UCO
Landfil PotentlaIIY a carbon None No
Restaurants and saving.
Food Outlets: Food
Waste
Wi STE
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7 Conclusions

This report focuses on analysing the volumes of organic waste in the EU that could be utilised in either of
the WASTE2FUNC processes. In order to do this, first feedstocks were identified based on their suitability
for the process, then the estimated volumes available were calculated, and finally the supply chain was
analysed to identify the risks. Following on from this initial phase, an MCA was used to identify the
feedstocks with the most opportunity based on availability, competition, transportation and storage and
pre-treatment. The final step was to analyse based on current usage: if these feedstocks were to be diverted
to a WASTE2FUNC process, would there be a carbon saving, would this have any consequences in other
sectors and would this agree with the waste hierarchy?

There are a variety of feedstocks across the EU that could be utilised in the WASTE2FUNC processes. In
terms of volumes, the majority of sectors produce over 50,000 tonnes of waste. Some notable supply chains
with high yields of waste are grapes, potatoes, barley, wheat, maize, pigs, whey, dairy sludge and sugar
beet. In terms of Belgium, potatoes, pigs, breweries, and sugar offer high volumes of waste. Even though
potatoes have been highlighted as a high-volume waste in Belgium, Belgium is also the highest producer of
all vegetable waste in the EU and has a number of large processing plants. Sugar beet offers a particularly
interesting option as the supply chain is not heavily reliant on imports, 95% of produce comes from Belgium.

The MCA analysis demonstrated that waste collected from catering outlets (restaurants, cafes, and bars)
has the greatest opportunity to be used in the WASTE2FUNC processes. This is mainly because of the lack
of competition; however, a new model for collecting this waste may have to be established since could
require more localised collections of smaller volumes. In the case of UCO, there may be a difference in the
quality compared to the UCO coming from large industrial units and this may have an influence on the
process. Supermarket waste is also a promising option; however, more infrastructure at the plant would be
required to unpackage the waste. Again, material from the sugar processing industry scores highly however
there is more competition for these feedstocks.

Itis difficult to conduct a carbon savings analysis without a full LCA therefore the results in this report should
not be used as a definitive conclusion. In the cases of waste being diverted from landfill or incineration this
has been assumed to have a carbon saving; for diversion from biofuel production this has been labelled as
conditional and from animal feed or other applications it has been assumed there is no carbon saving. Waste
from catering outlets appears promising and could be used in either of the WASTE2FUNC processes there
is the potential for a carbon saving.
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