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0 Summary
The aim of WP8 is to test, validate and fine-tune the operationalization of the three pillars of the
BioMonitor project, and provide feedback for improvements and recommendations for their
implementation. These objectives are being met through six case studies. In our case study, we
focus on two markets that are subject to different dynamics: the market for feed-grade amino acids
and the market for insect biomass.
Many feed-grade amino acids are already produced on a large scale, other amino acids are
"newcomers" to the and their production volumes are rather low. The main challenges for the
producers of such "new" feed amino acids are the low market uptake and demand as well as the
high costs, especially related to the legislation regulating the placing of a new amino acid as a feed
additive on the EU market. Other risks for producers of amino acids might be general disadvantages
of the EU as a production location for manufacturing, such as higher production costs and higher
environmental standards. As feed-grade amino acids are an application category, there are some
additional challenges in data collection. Official statistics provide some trade data, but hardly any
data on the production of amino acids. The main problem is not even a lack of information
specifically on bio-based products, but general data gaps on amino acids caused by the lack of
dedicated codes for single amino acids and confidentiality of data. The data gaps are so significant
that the proposed methods to fill data gaps cannot be applied.
Insect farming is a relatively new but fast-growing sector in the EU. It is also an example of how the
bioeconomy is unfolding even within a traditional sector such as agriculture. The end product of
insect farming are live insects as well as products processed from insect biomass such as insect
protein, insect oil, organic fertiliser. Currently, there is no explicit coverage of the insect industry in
European official statistics and the survey of producers is the only way to collect information. The
International Platform for Insects as Food and Feed (IPIFF) conducted a survey among producers,
the results of which are currently the main source of information on the insect industry in the EU.
In the future, the production of insects and insect-derived products should be included in European
agricultural statistics. At present, there are only two companies producing on the industrial scale
level, but more would come in the near future. The most important factors that would help
producers take their business to the next level are: the approval of new feed substrates for insects,
such as former foodstuffs, the authorisation of insect protein for use in poultry and pig feed, and
investments in automatization.

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773297.
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1 Introduction
Some bio-based amino used inter alia as feed additives are identified as important or promising biobased products for the EU in different studies (Lammens et al. 2017; Spekreijse et al. 2019; ECOSYS
2011). These studies do not focus on these products; therefore, a knowledge gap exist.
Insect production and insect biomass processing are new economy activities that have recently
received a lot of attention in the EU. Insect meal as an alternative source of protein is expected to
be used more intensively for animal feed in the future and thus production develop dynamically.
About 65% of the agricultural biomass supplied in the EU-28 is used as animal feed (Camia et al.
2018; Gurría et al. 2020). The use of amino acids and other functional feed ingredients such as insect
biomass/insect protein can help to increase feed efficiency and thus reduce the need for land-based
animal feed, which would be of great importance for the bioeconomy given the weight of the feed
category in total biomass use. Driven by advances in feed formulation and the search for alternative
protein sources, both categories are interesting examples to study their dynamics.
The objective of this case study is to investigate the dynamics on the markets of feed grade amino
acids and insect biomass/ insect meals in the EU. For this purpose, the relevant data are collected
and analysed. The data collection is done in light of the methodology discussed in WP3 (D3.1) and
using the case study protocol (D8.1). Feedback to WP3 on the applicability of the proposed data
collection methodology should be provided. The collected data should be processed to enable their
use in other WPs.
Conducting this case study, we first examine the relevant markets and regulations (Chapter 2) and
then specifically address amino acids (Chapter 3) and insect biomass (Chapter 4). In Chapter 5, we
draw conclusions and make recommendations.

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773297.
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2 Animal feed and its ingredients
2.1Classification of feed ingredients
2.1.1

Based on the EU legislation

According to the EC Regulation 767/20091 on the placing on the market and use of feed, the feed
may take the form of feed materials, compound feed, feed additives, premixtures or medicated
feedingstuffs. The following definitions apply:
“‘feed materials’ means products of vegetable or animal origin, whose principal purpose is to meet
animals’ nutritional needs, in their natural state, fresh or preserved, and products derived from the
industrial processing thereof, and organic or inorganic substances, whether or not containing feed
additives, which are intended for use in oral animal-feeding either directly as such, or after
processing, or in the preparation of compound feed, or as carrier of premixtures”
“‘compound feed’ means a mixture of at least two feed materials, whether or not containing feed
additives, for oral animal-feeding in the form of complete or complementary feed”
(EC Regulation 767/2009, Article 3)
“‘feed additives’ means substances, microorganisms or preparations, other than feed material and
premixtures, which are intentionally added to feed or water in order to perform”
“‘premixtures’ means mixtures of feed additives or mixtures of one or more feed additives with feed
materials or water used as carriers, not intended for direct feeding to animal”
(EC Regulation 1831/20032, Article 2);
“Medicated feed is one of the routes for the oral administration of veterinary medicinal products.
Medicated feed is a homogeneous mixture of feed and veterinary medicinal products.”
(EU Regulation 2019/43)
Actually, the definitions above make clear, that disregarding veterinary medicinal products, there
are only two types of feed ingredients: Feed materials and feed additives.
To implement the EC Regulation 767/2009 on the placing on the market and use of feed, the
Commission has adopted several acts, i.e. non-binding guidelines for the distinction between feed
materials, feed additives, biocidal products and veterinary medicinal products (2011/25/EU 4 ).

1

http://data.europa.eu/eli/reg/2009/767/2010-09-01

2

http://data.europa.eu/eli/reg/2003/1831/2015-12-30

3

http://data.europa.eu/eli/reg/2019/4/oj

4

http://data.europa.eu/eli/reco/2011/25/oj

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773297.
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Already the existence of such recommendations makes clear that the distinction between feed
additives and feed materials is not always straightforward and sometimes case-by-case evaluation
is needed.
The following criteria considered simultaneously might qualify a product as a feed additive:
•
•
•

Chemically well-defined substance that is purified and gives a certain level of standardisation
guaranteed by the manufacturer.
For reasons of animal or human health, it is necessary to set maximum content of the
product in the daily ration.
Product shall exert at least one of the functions as laid down in Article 5(3) of EC Regulation
1831/20035 (favourably affect the quality of feed, the quality of food from animal origin, or
the animals’ performance and health)

Products qualified as feed additives may not be put on the market unless authorisation has been
given following a scientific evaluation demonstrating that the additive has no harmful effects on
human and animal health and on the environment. The EU Commission has established the
“European Union Register of Feed Additives” which is regularly updated6. It comprises the list of all
additives and provides reference/links to the relevant authorisation Regulations.
Depending on its functions and properties, each feed additive is allocated to one or more of the
following categories:
•
•
•
•
•

Technological additives (e.g. preservatives, antioxidants, stabilising agents, silage additives)
Sensory additives (e.g. flavourings, colorants)
Nutritional additives (e.g. vitamins, minerals, amino acids, trace elements)
Zootechnical additives (e.g. digestibility enhancers, gut flora stabilizers)
Coccidiostats and histomonostats

If a product (feed ingredient) is not a veterinary medicinal product and not qualified as feed additive,
it can still be fed to animals as feed material.
Regulation (EC) No 767/2009 on the placing on the market and use of feed requires in article 24(6):
“the person who, for the first time, places on the market a feed material that is not listed in the
Catalogue shall immediately notify its use to the representatives of the European feed business
sectors referred to in Article 26(1). The representatives of the European feed business sectors shall
publish a Register of such notifications on the Internet and update the Register on a regular basis”.
To assist feed business operators in registering their feed materials as required, the EU organisations
representing the European feed business sectors have developed a registration tool that enables
the publication and regular update of a “user-friendly” Register within the mandate of Regulation
(EC) No 767/2009. The “Feed Materials Register” is available at https://feedmaterialsregister.eu/.

5

http://data.europa.eu/eli/reg/2003/1831/oj

6

Available at: http://ec.europa.eu/food/safety/animal-feed/feed-additives/eu-register_en

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773297.
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2.1.2

Classification used by FEFANA

Definitions and rules for feed ingredients stipulated in the EU legislation have a great influence on
the relevant markets. However, it has to be admitted that such classification of feed ingredients is
often not applicable in other countries: Other countries use other classifications and definitions.
Furthermore, even within the EU, the feed business operators use additional classification.
Figure 1 shows the classification of feed ingredients used by the EU Association of Speciality Feed
Ingredients and their Mixtures (FEFANA 7 ) – “the united voice of the specialty feed ingredients
business in Europe” (FEFANA, 2020).
Figure 1 - Classification of feed ingredients used by FEFANA

Feed ingredients
Any ingredient, whether processed, semi-processed or raw which is intended to be fed directly to
food-producing animals (adapted from "Good practices for the feed industry", FAO & IFIF, 2010)

Speciality Feed Ingredients (SFI)
Feed ingredients aim at converting the nutritional
requirements, particularly in terms of energy, protein, fibres
and macro minerals.

Feed Additives (FA)
Substances, microorganisms or preparations
which are intentionally
added to feed or water in
order to perform one or
more of the functions
described in Article 5 of
Regulation (EC) No
1831/2003 on additives for
use in animal nutrition.

Functional feed
ingredients (FFI)
Feed materials as defined
in Regulation (EC) No
767/2009 which are used in
feed or water for drinking
in order to perform one of
the following functions:
micronutrition,
technological, sensory,
zootechnical.

Based Feed Ingredients
Feed ingredients which are
intentionally added to the
feed to provide a specific
function, such as
technological, nutritional,
sensory or zootechnical.

Source: FEFANA, 2015; IFIF & FEFANAN, 2015

7

FEFANA: Fédération Européenne des Fabricants d’Adjuvants pour la Nutrition Animale
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According to the classification in Figure 1 each feed ingredient is first assigned to either the category
"Based Feed Ingredients" or the category "Speciality Feed Ingredients (SFI)". This distinction was
introduced within the Speciality Feed Ingredients Sustainability (SFIS) project 8 led by the
International Federation of the Feed Industry (IFIF) and FEFANA (IFIF & FEFANA, 2015). FEFANA
takes this classification as a starting point and goes further introducing the classification within the
category “Speciality Feed Ingredients (SFI)”: It comprises two sub-category “Feed Additives (FA)”
and “Functional Feed Ingredients (FFI)”.
The description of the category "Feed Additives (FA)" indicates that it contains feed ingredients that
are defined also as feed additives in the EU legislation. The description of the category "Functional
Feed Ingredients (FFI)" indicates that ingredients included in this category are classified as feed
materials in the EU legislation, but have functions/properties very similar to feed additives
(micronutrition, technological, sensory, zootechnical).

2.1.3

Amino acids and Insect Biomass

The focus of this case study lays on bio-based amino acids and processed insect biomass. Figure 2
shows to which categories these two product groups are assigned according to the EU legislation
(white marked headings) and classification used by FEFANA (grey marked headings).
Figure 2 –Placement of amino acids and insect biomass in FEFANA/ EU legislation-based classifications

Source: Own presentation

(Bio-based) amino acids are classified as feed additives in the EU legislation as well as in the
classification used by FEFFAN.
8

https://ifif.org/our-work/project/the-speciality-feed-ingredients-sustainability-project-sfis/

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773297.
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Processed insect biomass (e.g. in form of insect meal, insect oil) is classified as a functional feed
ingredient by FEFANA and belongs together with feed additives to specialty feed ingredients. This
indicates that in respect to functionals properties processed insect biomass has more similarity with
feed additives as with based feed ingredients. According to the EU legislation, however, products
from processed insect biomass (as well as live insects) are feed materials. Therefore, by placing
products from processed insect biomass on the feed market rules for feed material need to be
applied.
The classification of products from processed insect biomass (as well as insects) to feed materials
should be seen as a significant advantage for producers of these products, as the rules for placing
feed materials on the market in the EU are much less stringent than those applied for feed
additives: Less time and money are required to place products on the market. The results of the
survey undertook by FEFANA in May 2018 among its members shows, that it might take up to 3
years on average for a feed additive to reach the market: The completion of a product’s risk
assessment by the European Food Safety Authority (EFSA) takes over 2 years; an additional 6 to 24
months is then required for the mandatory risk management procedure by the European
Commission (FEFANA, 2019). Therefore, sometimes, even a longer timeframe (about 5 years) is
required, which is considerably longer than the timeframe of 6-12 months needed for placing a new
feed material on the feed market. Also, the costs associated with the placing of a new feed material
on the market (about 500-600 EUR) are quite low in comparison to the costs associated with the
placing of a new feed additive on the market (about 0,5 million EUR).
However, this advantage could not be fully exploited by the insect industry so far, because of the
restrictive EU regulation on the use of processed animal proteins (PAPs) as animal feed. The
legislation passed after the bovine spongiform encephalopathy (BSE) crisis in the late 1990s
practically bans the use of PAPs in feed for livestock in the EU9. Only fishmeal may be used. Insects
are classified as animals and, therefore, insect protein also currently cannot be fed to livestock.
However, since July 2017, insect proteins from seven insect species are authorised for feeding
aquaculture animals10. The next step could be the authorisation of insect proteins in the EU for
feeding poultry and/or swine, especially in the light of positive developments in the USA and
Canada.
In the USA, insects and insect-based products are considered as food additives (LähteenmäkiUutela et al. 2018; Sogari et al. 2019). In 2016, the US Food and Drug Administration (FDA) allowed
the use of black soldier fly larvae in diets for salmonoid fish. Similar approvals followed in 2018 and
2020 for poultry and swine, respectively. U.S. regulators have not permitted the use of insect-based
ingredients in pet food to date. (Kelly 2020)
In Canada, insects are considered to be novel feeds. In 2016, the Canadian Food Inspection Agency
(CFIA) authorised the use of black soldier fly larvae for chicken feed, and in 2017 for use in
aquaculture. The authorisation of dried whole black soldier fly as feed ingredient for poultry followed
in 2018. (Sogari et al. 2019; Lähteenmäki-Uutela et al. 2018).

9

http://data.europa.eu/eli/reg/2013/56/oj

10

http://data.europa.eu/eli/reg/2017/893/oj
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2.2Relevant markets
2.2.1

Compound feed

The demand for animal feed is mainly driven by two factors – the demand for products of animal
origin and the structure and efficiency of production systems (OECD, 2019). The demand for
products of animal origin (meat, dairy, eggs and fish) which determines the production level of the
livestock and aquaculture sector, is on its term mainly driven by population and income growth as
well as by changing consumption preferences. The structure and efficiency of production systems
which determine the quantity and composition of feed needed, depends mainly on economic forces
causing the concentration and intensification of production as well as on the technological progress
resulting in better feeding practices and improved genetics. Increasing efficiency due to better
feeding practices is the driver we focus on. In the EU, most of animal production is compound feedbased (OECD, 2019).
According to the annual reports of the European Feed Manufacturers' Federation (FEFAC) 11, the
EU28 farm animals are fed between 2013 and 2017 yearly with approximately 480 million tons of
feedstuffs; thereof approximately half are roughages produced on farm, 10% are grains produced
on farm, 10% are purchased feed materials and 30% are industrial compound feed (Figure 3). For
2018, these proportions differ, as the volume of roughages is more than two times high as in
previous years. There is no explanation for this rise of roughages volume in the report, so it can only
be assumed that the method of estimation of roughages volume was changed. Nevertheless, it is
clear that the use of industrial compound feed plays a very important role by animal feeding in the
EU. As the roughage is used mainly to feed ruminants, the importance of industrial compound feed
for feeding of pigs and poultry is respectively much higher.
Figure 3 - Sources of feedstuff for livestock in the EU28
2017: 489 million tons

11%
8%
48%

33%

Source: FEFAC, Annual reports from 2015 to 2019
11

https://www.fefac.eu/our-publications/annual-report/

This project has received funding from the European Union’s Horizon 2020
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The composition of compound feed in the EU remained relatively stable over the last ten years:
Especially the portions of cereals (50%) and co-products of the food and bioethanol industry (12%)
stayed remarkably unchanged. Oilseed meals with the portion of 26% in 2017 show only a slight
decrease over the years of approximately 2%. The portions of other small categories remained quite
stable. The portion of minerals, vitamins and other additives remained with 3% quite stable. Figure
4 shows the composition of compound feed in the EU in 2017.
Figure 4 - Composition of compound feed in the EU in 2017
co-products from
food and
bioethanol
industry, 12%

2017: 161 million tons
oilcakes and
meals, 26%

oils and fats, 2%
pulses, 1%
dairy products, 1%
dried forage, 1%
minerals, vitamins,
etc., 3%

13%
feed cereals
49%

all other , 5%

Source: FEFAC, 2019

Most of the biomass fed to animals is grown in the EU, but a part of it is imported from abroad.
Figure 5 shows that in 2017 approximately 47 million tons of feed materials were imported to the
EU, whereas oilcakes/meals are the most important feed products (ca. 25 million tons). Most of
these oilcakes/meals are soya oilcakes/meals, which are either imported directly or produced in
the EU from imported soya.
Figure 5 - Imports of feed materials in the EU in 2017

2017: 47 million tons
Corn gluten feed, 1%
DDGS, 2%
Pulses, 1%

Oilcakes and meals
54%

Molasses, 3%
15%

Fishmeal, 0%
Dried beet pulp, 2%
Citrus pulp, 1%

Feed cereals
31%

Other, 5%

Source: FEFAC, 2019

This project has received funding from the European Union’s Horizon 2020
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2.2.2

Feed proteins

The dependence of the EU upon imported soya oilcakes/meals as a source of protein for animal
feeding exists already for a long time. It is recognized as a protein gap and monitored also by the
European Commission (EC). With the “EU Feed Protein Balance sheet”12 developed by EC and key
stakeholders of the relevant markets (COCERAL, Copa-Cogeca, EDA, EFPRA, EPURE, FEDIOL, FEFAC,
Starch Europe and others), the contribution of different feed materials to protein supply and level
of EU dependency is analysed.
Figure 6 shows the results for 2018/2019. Since roughage, such as grass and silage maize, is included
in the “EU Feed Protein Balance sheet”, it is also recognized as the main source of feed protein (42%
of EU total feed protein use). Oilseed meals supply 27% of feed protein, crops supply 23%, other coproducts (starch industry’s protein products, DDGS, molasses, wheat bran, beet pulp pellets etc.)
and non-plant sources (fish meal, whey powder, skimmed milk powder, processed animal protein
and former foodstuff) make respectively 6% and 3%.
Figure 6 – Contribution of feed materials to protein supply und level of self-sufficiency in the EU in 2018/19

seld-sufficiency

Roughage

Non-plant sources

Other co-products

other meals

sunflower meals

rapeseed meals

soya bean meals

Oilseed meals

pilses

oilseeds

cereals

100%
80%
60%
40%
20%
0%

Crops

100%
80%
60%
40%
20%
0%

protein supply (% of total proteins)

Source: DG AGRI, 2019

Looking at the total EU use in 2018/19, about 77% of feed proteins are from EU origin. While the EU
is fully self-sufficient in roughage and has a high level of self-sufficiency by crops (87%), the EU
produces only 26% of what it consumes for meals from oilseeds. By soya bean meals, the situation
is even more misbalanced: Only 3% of soya beans are produced in the EU, while the portion of soya
bean meals to the total protein supply is 16%. Further, it is to keep in mind that roughage in its
primary form is suitable as feed for ruminants and not for example for pigs and poultry while soya
or rapeseed meals can be used as feed for most types of animals.

12

https://data.europa.eu/euodp/de/data/dataset/eu-feed-protein-balance-sheet
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Soybean meals are used a lot as a great source of protein. However, the use of soy, primarily from
South America, is questioned because of environmental issues, despite efforts to increase its
sustainability. The European Commission (EC) responds to this problem, for example, by exploring
the possibilities to further develop the EU protein plant production (COM/2018/757 final13). Also,
in the Farm to Fork Strategy, which is at the heart of the European Green Deal, the EC committed
to examine EU rules to reduce its dependency on critical feed materials (e.g. soya) by fostering EUgrown plant proteins as well as alternative feed materials such as insects, marine feed stocks (e.g.
algae) and by-products from the bioeconomy (e.g. fish waste) (COM/2020/381 final 14).
Increasing the availability and the number of sources of alternative proteins is mentioned as one of
the key future areas of research in the Farm to Fork Strategy. However, already now the EC as well
as member states spend considerable sums of money promoting the exploration of sources of
alternative proteins. This funding is supposed to accelerate the development of novel protein
products as well as to increase their economic viability and the level of the commercialisation. In
case of favourable developments, novel proteins have the potential to mix up the whole protein
market.
Novel proteins for application in feed that got special attention in the EU, can be categorized as
follows: Leaf protein (sourced from Lucerne (alfalfa), grass, sugar beet leaves etc.), aquatic protein
(sourced from e.g. algae, macro-(seaweed) and microalgae, duckweed), insect protein (e.g. live
insects or insect meal) (Krimpen et al. 2013). Currently, the role of novel proteins on the market of
feed proteins is very low. The technology for the production of these proteins is already available,
but expected to undergo further developments. There are already existing facilities, that produce
these novel proteins, however most of them are at the demonstration or pilot stages.
Data about the production and use of insect biomass is very limited. But also, methodologies for
collection of statistical information regarding the production of these novel products as well as
information needed to evaluate their contribution to the bioeconomy in the EU are lacking behind.
In this case study, we take insect protein as an example of novel protein product and look closer at
the dynamic on the market and compile the relevant data. By doing so, we validate the methodology
proposed for the collection of data and make a proposal, how needed data have to be collected in
the future.

2.2.3

Feed additives

According to FEFAC (FEFAC 2021), in 2019, the EU compound feed industry produced 164.9 mt of
feed, consuming 5.6 mt of “Minerals, Additives & Vitamins”. Therefore, in terms of volume,
“Minerals, Additives & Vitamins” make 3,4% of compound feed. In terms of value, however, this
category has more weight: FEFANA quantifies the value of SFIs used in production of compound
feed at 5 billion EUR or approximately 10% of compound feed value. Despite the fact that one kg

13

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52018DC0757

14

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0381
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of compound feed includes only some grams of added amino acids, it is the most important product
group within feed additives in terms of volume.
When feeding farm animals, but also pets, the aim is to formulate the feed in such a way that with
a daily amount of eaten feed, the energy and nutrient intake corresponds as exactly as possible to
the animals' requirements for the specific metabolic situation or the targeted performance and the
excretion of nutrients is as low as possible. It is attempted to achieve this through the combination
of various feed materials in a suitable ration. In most cases, however, it is not possible to obtain the
combination of amino acids, trace elements and vitamins in the required balanced ratio. Therefore,
in a final step, these lacking components are added to the feed. The required amount of these
supplements is very small: Only a few grams (bulk elements, amino acids) or milligrams (trace
elements and vitamins) per kilogram of feed (Simon and Flachowsky 2006).
Amino acids are the building blocks of proteins. Feed materials such as grains and oilcakes and meals
are the main sources of amino acids. However, the composition of amino acids in plant proteins
differs from the composition of amino acids in animal proteins (meat, milks, eggs), the formation of
which is the primary goal of animal production (Fickler et al. 2006). For an efficient building of animal
proteins, a particular composition of amino acids is required: If already one needed essential amino
acid is not available (first limiting amino acid), the building of animal protein cannot take further
place and other amino acids that remain in excess could not be used and have to be degraded and
removed, mainly via extraction. Therefore, added amino acids are used in feed to achieve the
desired amino acid profile and thus to improve feed efficiency.
Which amino acids are limiting and should be added to the feed depends on the type of animal
being fed (swine, piglet, poultry etc.) and on the composition of feed materials in feed. The first
three limiting amino acids for pigs are usually lysine, threonine and tryptophan, and for broilers the
first three limiting amino acids are methionine, lysine and threonine (Kebreab et al. 2016). When
using cereals and extraction meals as a feed base, lysine is usually the first limiting amino acid,
followed by methionine, threonine and tryptophan. In case of grain legumes, methionine is the first
limiting amino acid (Simon and Flachowsky 2006). Soya meal has a favourable amino acid profile
and is widely used as a source of protein. Because of its favourable amino acid profile and relative
cheap price for kg of protein is the replacement of soya meal by other products not easy. However,
studies show that the amount of soya meals in feed could be considerably reduced without negative
impacts on feed efficiency if missing amino acids are added in form of feed additives (Kebreab et al.
2016). At the end, it is often the cost efficiency factor which is decisive, whether (and which) amino
acids and whether (and what portion of) soya meals are used in feed formulation.
Added amino acids could to some extent be seen as substitutes for protein from other feed
materials. Therefore, correlations between prices of amino acids and some feed materials could be
well explained. To demonstrate, we use an example: A feed that is mainly composed of corn (or
wheat) and soya meal helps to illustrate the correlation between the grain/soya meal market and
the prices of amino acids (lysine). Soya bean meal, used as a source of protein, is relatively rich in
lysine while corn/wheat, a primary energy source, contain little lysine (Figure 7).
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Figure 7 – Deviation from animals’ requirements for amino acids in soybean meal, corn and wheat

Source: Ajinomoto (https://www.ajinomoto.co.jp/company/en/ir/business/basic.html)

If the price of soybean meal is high and the price of corn/wheat is low, feed manufacturers prefer
to use more corn/wheat and less soybean meal to save on feed costs. However, in this case, feed
have to be enriched with added lysin so that animals’ requirements for this amino acid are met. The
theoretical maximum price for lysine can be determined through comparison with the cost of lysine
supplied with soybean meal. This maximum price will be the shadow price (or the opportunity price)
of lysine. The larger the difference (the “spread”) between the price of soybean meal and
corn/wheat, the higher the shadow price becomes.
The overall positive effect from rising feed efficiency due to the use of added amino acids in feed is
undisputed. The use of free amino acids is also seen as a possible strategy to lower the protein
content of diets for farm animals. However, in this case, a caution evaluation is needed. For
example, it is possible to completely remove soybean meals from feed by adding free amino acids.
But it has to be kept in mind that free amino acids not really replace soybean meals and more other
feed materials such as grain will be needed. Besides the positive effect of rising feed efficiency, more
and more attention is paid to the environmental benefits from use of amino acids such as reduction
of N-excretions.
Some of the amino acids (methionine, lysine, threonine, tryptophan) are already used in feed
formulation for a while. As the formulation of feed is getting more and more sophisticated, other
amino acids are getting limited and could be added to feed to rise the feed efficiency or to
perform in another way. As a result, “new” products appear on the market of feed additives.
Actually, all these “new” amino acids are already present in feed within feed materials, and some
of them are already used for other purposes (e.g. as food supplements or in industry). But they are
new-comers for the feed additive market. As the market for feed additives for most amino acids is
the biggest outlet market, dynamics on this market are supposed to have a considerable impact on
the production of respective amino acids.
In this case study, we examine the dynamics in the feed additives market, looking at amino acids
that have been used in feeds for a long time, as well as those that are newcomers.
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3 Amino acids
3.1Units and scope of analysis
3.1.1

Units of analysis

The focus of the analysis is on feed grade amino acids. Although such a product group is a common
term for market experts or users, e.g. compound feed producers, it seems to be an artificial product
group in the sense of grouping within official statistics (more details in 3.2.1). So, we break down
this group and look into individual 20 standard proteinogenic amino acids (see also Table 1).

3.1.2

Scope of analysis

The area of application of free amino acids is not limited to the use in animal feed; further important
areas of application are food and dietary supplements, pharmaceuticals and cosmetics. To make a
consistent picture, we have to look not only on the production side but also on the use side of the
market for free amino acids.
Feed additives in general and amino acids specifically are usually not used on farms as such, and the
feed additive chain is composed of multiple actors, as described in Figure 8. In our study, we imply
that the use side of amino acids for animal feed use could be covered by producers of compound
feed, as the vast majority of amino acids is supplied to livestock producers through this channel.
Figure 8 - The manufacturing and use of feed additives in livestock enterprises

Source: own presentation based on (FAO 2019)

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773297.

18

Dynamics on the Markets for Feed Grade Amino Acids and Insect Biomass

The geographical focus of our study is on Germany, but we also look at the situation on the EU level
or individual EU member states if possible.
While conducting this case study, we aim to collect information that could be used for evaluation
of the contribution of production and use of amino acids to bioeconomy, e.g. for calculation of
some indicators proposed for monitoring of the EU bioeconomy (WP1) in D1. We focused on the
collection of information on:
•
•
•
•
•
•

production volumes/values,
consumption volumes/values,
prices,
types of feedstock used for production; quantities of bio-based feedstock (conversion rates),
progress in replacing non-renewable feedstocks by biomass,
environmental impact of production and use (impact on feed efficiency, N-excretion; LCA).

Additionally, we pay special attention on the dynamic on the market of amino acids, those already
well established on the market as well as those seen as new-comers.

3.2Data collection
Data collection is done in light of the methodology discussed in WP3 (D3.1) and by using the case
study protocol (D8.1). We use multiple sources to collect data:
•
•
•

official statistics,
literature review,
interviews.

3.2.1

Official statistics

As mentioned above, from the perspective of statistical recording, amino acids represent an artificial
product group. So, we break down this group into individual 20 standard proteinogenic amino acids.
However, even this step is not enough to track individual amino acids in the statistics. The reason is
that not every individual amino acid has its own dedicated code.
The highest level of disaggregation is provided by external trade statistics, where traded goods are
assigned to 8-digit codes of the Combined Nomenclature (CN) used in the Eurostat trade database.
For production statistics, more aggregated PRODCOM codes have to be used. The PRODCOM codes
relate to one or more of the CN codes; the link can be established with the help of Correspondence
Tables.
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To identify the CN codes, PRODCOM codes for 20 standard proteinogenic amino acids as well as
linkages between them, we proceed as follows:
1. Using the ECICS15 (European Customs Inventory of Chemical Substances), which is an
information tool managed by the European Commission's Directorate General (DG) for
Taxation and Customs Union, we identify CN codes for each amino acid.
2. The Combined Nomenclature Search Engine16 from Eurostat is used to get information on
the respective CN codes and to identify the correspondent PRODCOM codes.
3. PRODCOM codes in CN Search Engine are linked to the explanatory notes that provide
information on the description of PRODCOM codes as well as to which HS/CN codes they
are linked. This information is used to identify whether PRODCOM codes are linked only to
CN codes related to amino acids or also to other CN codes.
Table 1 summarises our findings. It is shown that 20 amino acids are assigned to 10 CN codes, not
each amino acid has its own dedicated CN code. Furthermore, by looking into the description of the
CN code, it has to be noted that only 4 amino acids are explicitly named in the description of the
CN code. The majority of amino acids is collected under the category “other”, and it is not clear how
many other products have the same CN code. Therefore, statistics on external trade on the level
of CN codes could be used directly for 3 amino acids (and their salts): methionine (Met), lysine (Lys)
and glutamic acid (Glu).
20 amino acids are assigned to10 CN codes which are linked to 9 PRODCOM codes. However, only
in cases of lysine (and its salts) and glutamic acid (and its salts) PRODCOM codes are corresponded
to one CN code. In most cases, one PRODCOM code is linked to many CN codes (3-25 CN codes)
and the CN code associated with amino acids (marked red) is only one of many other CN codes
associated with other products. Therefore, PRODCOM statistics could actually be used only for 2
amino acids (and their salts): lysine (Lys) and glutamic acid (Glu).
So, the first problem of data collection from the official statistics is, that most of the amino acids
(group of amino acids) do not have dedicated CN and PRODCOM codes. The second problem,
specifically related to the production statistic, is that even a small part of information that could be
theoretically taken from the PRODCOM statistic, practically is not publicly available because of
confidentiality issues. An illustrative example is the data on the production of lysine – an important
amino acid that has its own PRODCOM code (Table 2). The most relevant data on production on the
level of EU member countries are confidential and have been suppressed. The production
quantities for the EU total are shown, but also have a footnote: “This total has been rounded to the
base given in the BASE indicator”. Since the numbers of the totals are in most cases equal to the
BASE indicator, these numbers should be taken with caution.
To summarise, official statistics can hardly offer any data for analysis. The main problem is not
even a lack of information specifically on bio-based products, but general data gaps on amino
acids caused by a lack of dedicated codes for amino acids and confidentiality issues.

15

https://ec.europa.eu/taxation_customs/dds2/ecics/chemicalsubstance_consultation.jsp?Lang=en

16

https://eurostat.prod.3ceonline.com/
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Abbrev.
Ala
Asp
Gly
Phe
Val
Ile
Leu
Tyr
Ser

Thr
Arg

Met

Cys

His
Pro

Trp

Lys

Glu
Asn
Gln

Name
alanine
aspartic acid
glycine
phenylalanine
valine
isoleucine
leucine
tyrosine
serine

threonine
arginine

methionine

cystine

histidine
proline

tryptophan

lysine

glutamic acid
asparagine
glutamin

- Amino-alcohol-phenols,
amino-acid-phenols and
other amino-compounds
with oxygen function

29225000

Thiocarbamates and dithiocarbamates; thiuram mono-, di- or
tetrasulphides; methionine
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29241900

29224200

29224100

- - Other

- - Lysine and its esters;
salts thereof
- - Glutamic acid and its
salts

- - - Other

29339980

Compounds containing in the structure an unfused pyridine
2933[.31 + .32 + .33 + .39(.10 + .20 + .25
ring or a quinoline or isoquinoline ring-system, not further
fused; lactames; other heterocyclic compounds with nitrogen + .35 + .40 + .45 + .50 + .55 + .99) + .41 +
20145280 hetero-atom(s) only (excluding compounds containing in the .49(.10 + .30 + .90) + .71 + .72 + .79 +
.91(.10 + .90) + .92 + .99(.20 + .50 +
structure an unfused pyrazole ring, an unfused imidazole
.80)]
ring, a pyrimidine ring, a piperazine ring or an unfused
triazine ring)

Acyclic amides and their derivatives, and salts thereof
(including acyclic carbamates)

2924[.11 + .12 + .19]

2922 42

21102020 Glutamic acid and its salts
21102060

2922 41

21102010 Lysine and its esters, and salts thereof

2933[.29(.10 + .90)]

Heterocyclic compounds with nitrogen only hetero-atom(s);
20145230 containing an unfused imidazole ring (excluding hydantoin
and its derivatives)

- - - Other

29332990

2930[.60 + .70 + .80 + .90(.13 + .16 + .30
+ .40 + .50 + .98)]

2930[.20 + .30 + .40(.10 + .90)]

2925[.21 + .29]

2922[.21 + .29 + .31 + .39 + .43 + .44 +
.49(.20 + .85) + .50]

HS/CN

- - Cysteine and cystine

20145139 Other organo-sulphur compounds

20145133

20144340 Imines and their derivatives; and salts thereof

Oxygen-function amino-compounds (excluding amino20144290 alcohols, their esters and ethers and salts thereof, lysine and
its salts and esters, glutamic acid its salts and esters)

PRCCODE DESCRIPTION PRCODE

29309013

29304090

- - Other
- - Methionine (INN)
- - Methionine (excl.
methionine (INN)

- - - Other

29224985

29252900
29304010

CN code

CN code

Table 1 - Linkage of amino acids to CN and PRODCOM codes
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:

1,078
0
0
0
0
0
351

0

2011

(1) :

(1) :

(1) :

0
0
0
0
0
0
0
0
0
0
0
0
(1)
0
0
0
0
0
(4) 50,000 (4)
(4) 50,000 (4)

(1)

(1) :

(1) :

(1) :

(1) :

(1) :

1,616
0
0
0
0
0
364

0

2013

(1) :

(1) :

(1) :

1,247
0
0
0
0
0
315

0

2014

(1) :

(1) :

(1) :

1,284
0
0
0
0
0
432

0

2015

(1) :

(1)
(1)

(1) :
(1) :

(1)

0
0
0
0
0

(1)

(1)

:

0

2019

(1) :

(1) :

(1) :

640
0
0
0
0
0

0

2018

(1) :

(1) :

(1) :

:

304
17,398
0
0
0
0

2017

(1) :

(1) :

(2) :

:
(1) :
72
0
0
0
0
0
387

(1) :

2016
(1) :

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
40,000 (4) 120,000 (4) 180,000 (4) 70,000 (4) 60,000 (4) 102,602 (4) 100,000 (4) 50,000 (4)
40,000 (4) 120,000 (4) 180,000 (4) 70,000 (4) 60,000 (4) 120,000 (4) 100,000 (4) 50,000 (4)

1,646
0
0
0
0
0
388

0

2012

(1) Data for this item is confidential and has been suppressed
(2) Data for this item is estimated and has been suppressed
(3) Data for this country/period are not yet available
(4) This total has been rounded to the base given in the BASE indicator
: not available

2010
2009
(1) :
:
France
0
0
Netherlands
:
313
Germany
19,024
18,282
Italy
0
0
United Kingdom
0
0
Ireland
0
0
Denmark
0
0
Greece
0
0
Portugal
(1) :
:
Spain
0
(1)
:
Belgium
0
0
Luxemburg
0
0
Sweden
0
0
Finland
0
0
Austria
0
0
Malta
0
0
Estonia
0
0
Latvia
0
0
Lithuania
0
0
Poland
0
0
Czechia
0
0
Slovakia
:
0
Hungary
0
0
Romania
0
0
Bulgaria
0
0
Slovenia
0
0
Croatia
0
0
Cyprus
120,000 (4) 120,000
EU27_2020
120,000 (4) 120,000
EU (28)

Table 2 - Production of Lysine, its esters, and salts thereof (tons)
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3.2.2

Literature review

We conducted a review of scientific and grey literature, as well as websites of the producers of
amino acids, associations representing interests of producers of amino acids as well as producers of
compound feed and other “news-portals”. We were searching for different kinds of information:
•
•
•
•

general information relevant for understanding the market for amino acids,
information on the production of individual feed grade amino acids (producers, location of
sites, capacities, production quantities, types of process used for production, feedstock
used, conversion rates etc.),
information on the use of amino acids for feed (quantities, types of amino acids, effects
from used of amino acids in feed, drivers of demand etc.),
possible impacts of changing policies and regulations.

It has to be concluded that apart from very few estimates on the global amino acid market, the
scientific and other publicly available literature (company reports) provides hardly any
information on the production of amino acids in individual EU countries or the EU as a whole. This
situation is not surprising as the production of amino acids is dominated by few companies and the
information about amino acids market belongs to the firms’ “know-how”.
Market intelligence reports on amino acids market which are subject to a fee provide some figures.
In addition to high costs of such reports and restrictions with regard to re-publication of the figures,
the problem is that the user cannot be sure that the figures are reliable.
Another problem associated with getting data for a specific region (EU total or EU member states)
results from the way the information on amino acids market is reported. For example, in most of
the reports which are subject to a fee, figures on the market i.e. on the demand for amino acids in
individual countries/ regions (production plus net import) are reported. By reporting figures on
production, they often use individual producing companies as a unit of analysis. So, as most of the
companies producing amino acids are international companies with their sites around the globe, it
is almost impossible to figure out the figures on production in individual countries/ regions from
such reports; in the best case information about capacities could be obtained.
The web search via various portals (mainly related to feed industry such as www.feedinfo.com and
www.allaboutfeed.net) or subscribing to their newsletter earns some content information but is a
very time-consuming undertaking.
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3.2.3

Market observations

We did not observe any data for amino acids ourselves, but would like to mention the existence of
a crowdsourcing tool named Glowlit (https://glowlit.com ) that provides users with free regionallybased price reports on a range of animal feed raw materials, including amino acids. Data on prices
is supposed to come directly from purchasing managers and is up-to-date.
Another source named ABRAMS world trade wiki (https://en.abrams.wiki/ ) explores the world
market using detailed Import-Export Trade Data and provide information, e.g. about prices on the
level of HS code.

3.2.4

Interviews

We conducted interviews to collect additional information. Our intention was to have stakeholders
that represent the supply side as well as the demand side of the market in the EU. In total, we have
identified and contacted 7 stakeholders: Producers and interest representatives (associations) of
amino acids and compound animal feed.
We got positive responses for our request to conduct interviews only from 2 stakeholders: One
producer of amino acids and one association representing the interests of animal feed producers.
Additional to these two interviews, we conducted one additional interview with an animal nutrition
expert. Therefore, in sum, we have 3 interviews.
Interviews conducted with stakeholders were semi-structured in-depth interviews and could be
classified as prolonged interviews, as each of them took over 2 hours. Both interviews were
conducted in a single sitting in November and December 2020. With the kind permission of the
interviewees two interviews were recorded for the transcription purpose.
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3.3Results
3.3.1

General overview

The industrial application of amino acids for feed has an almost 60-year history (Toride 2004).
First, in the late 1950s and 1960s, DL-Methionine (Met), produced by chemical synthesis, began to
be used in poultry feed. Production of L-Lysine (Lys) by a fermentation process was started in the
1960s. In the late 1980s, L-Threonine (Thr) and L-Tryptophan (Trp) also produced by fermentation
process were introduced. Already in 2000, the global production of feed grade amino acids was
estimated to reach 1-1.2 billion tons (Table 3). In 2019, feed additives remain the major end-use
market of the amino acids industry with lysine in the lead followed by methionine, tryptophan and
threonine.
Table 3 – Estimated global production of amino acids in 2000, 2011 and 2019
Amino acid

2000
500,000 – 600,000
Methionine
500,000 – 600,000
Lysine
30,000
Threonine
1,000
Tryptophan
Source: (Toride 2004; Hirth and Busch 2014; GMI 2020)

Production (tons)
2011
> 900,000
1,700,00
260,000
5,500

2019
1,100,000 – 1,400,000
2,400,000 – 2,800,000
200,000 – 260,000
10,000 – 17,000

The order of introduction of amino acids in animal feed reflects the typical discrepancy between the
requirements for amino acids by species and their actual presence in feed. Table 4 shows the orders
of limiting amino acids in pig and broiler feeds, composed of corn/ wheat and soybean meals.
Table 4 – Order of limiting amino acids
Growing pigs
Broiler
Source: (Toride 2004)

First
Lysine
Methionine

Second
Threonine
Lysine

Third
Tryptophan
Threonine

With the feed formulation becoming increasingly advanced besides these 4 main amino acids
further amino acids such as valine (Val), Isoleucine (Ile), leucine (Leu), arginine (Arg), histidine (His)
and cystine (Cys) are considered to be used in feed (FEEDinfo 2/20/2020).
Besides the introduction of new free amino acids in feed for monogastric animals (poultry and
swine), the introduction of amino acids in feed for ruminants (in particular dairy cows) takes place.
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Coated methionine and lysine 17181920, which can escape microbial degradation in the rumen, are
already available on the market.
Moving from the overview of the market situation on the global market to the EU market, we have
to keep in mind that due to international trade, the production of amino acids in the EU does not
match the demand and we have to look at all three categories - production, use, trade - separately.
The literature overview on feed grade amino acids production landscape in the EU resulted in the
following findings:
•
•

•

•

•

Production of feed grade amino acids in the EU is dominated by three companies: Evonik,
Adisseo and Ajinomoto.
Evonik is the main producer of methionine in the world and in Europe. In 2020, it announced
that methionine production will be clustered at three international hubs: Mobile, Alabama
(the American hub), Singapore (the Asian hub) and Antwerp, Belgium (the Europe hub);
Evonik is about to close the smallest plant producing of methionine with a capacity of 65,000
tons per year, located in Wesseling, Germany, by the end of the first quarter, 202121. In 2018,
Evonik closed a facility for production of threonine in Hungary (Kaba)22.
Adisseo produces amino acids including methionine in France and Spain (U.S. International
Trade Commission 2020). It also reports about their activities in research and development
actions aimed to produce methionine (or its precursor 23) via fermentation process (Latieule
2018).
Ajinomoto produces lysine, tryptophan, valine and other “new” amino acids (isoleucine,
leucine and soon arginine) in France (Amiens) (FEEDinfo 1/28/2021). In doing so, the
company converts approximately 3% of French sugar into amino acids. The company had
once also a facility in Italy (Bottrighem), but it was closed more than a decade ago. (FEEDinfo
2/20/2020).
Producers of amino acids conduct Life Cycle Assessment for their products.

With respect to the use side of amino acids, the following has to be kept in mind: Amino acids are
predominantly used for animal feed, but there are also other application areas. Currently, four
main application categories could be identified: animal feed, food and dietary supplements,
pharmaceuticals and cosmetics.
Farmers use feed grade amino acids mainly by using compound/mineral feed. Therefore, the
demand of producers of compound/ mineral feed for feed grade amino acids could be seen as a
good proxy for the total demand of feed grade amino acids. The EU producers of compound feed

17

https://www.adisseo.com/en/products/smartline/

18

https://animal-nutrition.evonik.com/en/products/methionine-and-derivatives/mepron

19

https://www.ajinomoto.com/innovation/action/ajipro_l

20

https://www.vetagro.com/products-ruminants/

21

https://seaanz.evonik.com/en/evonik-to-concentrate-metamino-production-at-its-three-world-scale-best-in-class-hubs-145114.html

22

https://corporate.evonik.de/en/media/press-releases/nutrition-and-care/evonik-to-close-its-kaba-site-in-hungary-100421.html

23

https://www.ademe.fr/ecomet-bio
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use the free amino acids directly or in the form of premixes. The premixes used in the formulation
of feed in the EU are mainly produced in the EU, hardly any import of premixes from non-EU
countries takes place. However, producers of premixes export their products in other EU countries
as well as in non-EU countries.
The user of feed grade amino acids are relying on imports from non-EU countries. Especially, in
case of lysine and threonine, the EU depends strongly on imports from third countries, in particularly
China (FEEDinfo 1/28/2021).
The use of amino acids in animal feed is driven by the level of feed efficiency that should be
achieved and the quantity of animals. In the EU, the conventional livestock shows a high level of
feed efficiency, that goes along with a relatively intensive use of amino acids in feed. The demand
for individual amino acids depends on the numbers of individual species as requirements for
supplemented amino acids in feed vary depending on the species and age of animals.
Table 5 shows the current occurrence of amino acids in animal feed. The differentiation is made
with regard to the species, their age and husbandry objectives as well as the frequency of use.
Table 5 - Occurrence of amino acids in animal feed
Species

“common practice”

“partly used”

“selective assignment”

Met, Lys
Met, Lys, Thr
Lys, Thr, Met

Thr, Val, Ile
Val

Ile, Arg, Leu, Cys, His

Poultry
laying hens
broilers
turkey
Pigs
Lys, Thr
Val, Trp
fattening pigs
piglets Lys, Thr, Met, Val, Trp
Lys, Thr
Met, Trp
sows
Met = Methionine; Lys = Lysine; Thr = Threonine; Try = Tryptophan; Val = Valin;
Ile = Isoleucine; Arg = Arginine; Leu= Leucin; Cys= Cystine; His= Histidine
Source: own elaboration

Ile, Leu, Cys, His
Arg

According to Table 5, the use of methionine (Met), lysine (Lys), threonine (Thr), tryptophan (Trp)
and valine (Val) in feed for poultry and pigs is already a “common practice” or at least “partly used”.
But as the formulation of feed is getting more and more advanced, the use of further amino acids
such as isoleucine (Ile), leucine (Leu) and even arginine (Arg), cystine (Cys) and histidine (His) is
taking off.
Another driver on the market of amino acids is the expansion of organic livestock husbandry. The
point is that free amino acids practically cannot be used by organic livestock husbandry. The
Commission's Farm to Fork and Biodiversity Strategies include the target of reaching 25% of
agricultural land under organic farming by 2030. If similar targets will apply to animal husbandry,
and if the rules on the use of amino acids in organic livestock husbandry will be maintained, they
would negatively impact the demand for feed grade amino acids.
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Another driver on the market of feed grade amino acids is the increasing focus on the negative
environmental effects of livestock farming, especially with regard to nitrogen emissions. As amino
acids help to rise feed efficiency and to reduce N-extractions, the use of amino acids is supposed to
be positively impacted by the strength of respective regulations.
The use of Life Cycle Assessments for amino acids as proposed by the FAO (FAO 2019) could
possibly reveal further positive effects. By taking such effects appropriately into account, policies
could have further positive impacts on the use as well as the production of amino acids in the EU.
Some firms have already developed dedicated tools that should enable the assessment of the
environmental impact of both feed and the final animal protein product 2425.

3.3.2

Results in Detail
3.3.2.1 Lysine

Lysine (Lys) is an essential amino acid produced predominantly through a fermentation process by
usually using sugar as the fermentation substrate. The main sugar sources are sugar, corn, cane or
beet molasses, depending on availability and location of the production. The maximum possible
lysine yield from sugar is calculated to be of 75% (g lysine/ g glucose); the real-time achievable yield
is supposed to be much lower and is in the range of 50-55% (Anusree and Nampoothiri 2015).
The production of lysine has already achieved a high level of maturity. The large-scale fermentation
process for the production of lysine was developed already in the 1970s. Currently, the production
takes place in plants where a series of bioreactors of about 500m3 in size are operated (Eggeling and
Bott 2015). To be competitive on the global market, producers need to exploit economies of scale,
which is hardly possible when annual production is less than 150,000-200,000 tons (ECOSYS 2011).
The standard process of lysine production usually employs production strains of C. glutamicum or
its genetically modified strains. The actual industrial production process of lysine is, as with any
amino acid production plant, proprietary. Industrial manufactures are under tight competition to
improve the production process and patent them to their credit (Anusree and Nampoothiri 2015).
The most recent development is the production of coated lysine for ruminant.
The main area of application of lysine is animal feed. Although lysine is offered as a feed additive
for aquaculture and more recently for ruminants, the main application of lysine is still in the feed of
monogastric animals - pigs and poultry. Therefore, the demand for feed grade lysine is functionally
related to the quantities of manufactured compound feed, especially pig and poultry feed, and this
again depends on the development of meat and egg consumption. Given a target content of total
24

Evonik Animal Nutrition provides a web-based, ready-to-use, tool named AMINOFootprint® 2.1 for calculating the
impact of feed ingredient production from field edge, transportation to the feed mill and the animal performance for
feed or cycle compositions for one metric ton of feed or live weight for pigs and poultry. (https://animalnutrition.evonik.com/product/feed-additives/downloads/aminofootprint.pdf )
25

BASF Animal Nutrition announced the launch of a new tool named Opteinics (Optimizing Protein Analytics). Making
use of Life Cycle Analysis (LCA) it would enable to assess the environmental impact of both compound feed and the final
animal protein product. FEEDinfo 3/4/2021.
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lysine in feed rations of 1-1,5% in 2009, the proportion of added free lysine in the EU was estimated
to be approximately 0.25% (ca. 350.000 tons lysine in 145 million tons compound feed); this figure
was estimated to be with 0.28% slightly higher in Germany (58.000 tons lysine in ca. 20 million tons
compound feed) (ECOSYS 2011). Lysine is the 1st limiting amino acid in feed for pig and the 2nd
limiting amino acid in feed for broilers, therefore, the demand for lysine is mainly driven by the
demand for feed for swine. The shift of consumer preferences away from pork to poultry products
has a negative impact on the demand for feed grade lysine.
The EU high depends on the import of feed grade lysine, mainly from Asia. To our knowledge,
currently, there is only one producer of feed grade lysine in the EU (Ajinomoto, a site in France). A
closer look at the statistics reveals that small amounts of lysine (<1000 tons) are also produced in
Germany, Spain and Italy (EUROSTAT, 2021). One could assume that it is the production of lysine
for other purposes (pharmaceuticals).
Lysine in the form of “Lysine and its esters, and salts thereof” has its own code in trade statistic
(HS/CN 29224100) and even its own PRODCOM code (21102021). It is classified under NACE: 21.10
“Manufacture of basic pharmaceutical products”.
EUROSTAT provides figures on production of lysine (PROD_QUANTITY) in the EU which are mainly
driven by production of lysine in France after 2010. However, they should be read as lying between
PROD_QUANTITY - PROD_QUANTITY_BASE and PROD_QUANTITY + PROD_QUANTITY_BASE. As the
volumes assigned to PROD_QUANTITY_BASE are quite high, production figures are very uncertain.
Figure 9 shows the indicated quantities for the EU production (Production) and their upper and
lower ranges (Prod_low and Prod_high, respectively).
Figure 9 - Production of Lysine and its esters, and salts thereof (21102010 ) in the EU28
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Using additionally the data on import and export of lysine, we calculate the estimated lysine
consumption in the EU (Use) with its upper and lower ranges (Use_high and Use_low, respectively)
(Figure 10). For individual member states which are not producers of lysine, the demand for lysine
could be roughly estimated as the net-import.
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Figure 10 - Consumption of Lysine and its esters, and salts thereof (21102010 ) in the EU28
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Comparing the information on the lowest capacity of a plant required to produce competitively
at global level with the information on the demand for feed grade lysine in Europe, it is clear that
the higher production level could be justified if there were no other disadvantages related to the
EU as a manufacturing location.
The values and volumes of imported and exported lysine could be used to calculate unit prices.
However, making use of EUROSTAT data directly results in quite different figures between the EU
member states. As mentioned in chapter 3.2.3, for the development of world prices for lysine the
ABRAMS world trade wiki (Figure 11) and for local prices (also in the EU) the crowdsourcing tool
named Glowlit (Figure 12) could be used.
Figure 11 – Development of global price for Lysine and its esters; salts thereof (HS 292241)

Source: https://en.abrams.wiki/
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Figure 12 – Development of prices of L-Lysine HCI 98,5%

Source: https://glowlit.com

The use of lysine as feed additive helps to rise the feed efficiency and, therefore, to reduce the
demand for feed and to reduce the N-losses. Increased use of lysine as feed additive would be
needed if the share of soybean in feed should be reduced. Figure 13 shows that such replacement
would result in the reduction of farmland area needed for production of feed materials,
theoretically. To evaluate the contribution of lysine in a real situation, a comparison of the effects
of lysine-containing feed formulations with alternative feed formulations would be required.
Figure 13 – Reduction of farmland area through lysine use

Source: (Ajinomoto 2019)
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3.3.2.2 Methionine
Methionine (Met) is an essential amino acid and is commercially produced by either chemical
synthesis, enzymatic methods or microbial fermentation. However, most of feed grade methionine
is produced by chemical synthesis from petrochemical resources (100% fossil-based) (Willke 2014;
Anusree and Nampoothiri 2015).
The production of methionine by chemical synthesis has already achieved a high level of maturity.
Since the 1950s when the first production plant was built in Germany by Degussa AG (since 1980
part of Evonik), the whole process continually undergoes further optimization. Minor quantities of
pharmaceutical-grade L-methionine is produced by enzymatic conversion of DL-methionine; there
are also some attempts to produce methionine via fermentation from precursors that, however, are
often chemically synthesized (Willke 2014). The production of methionine by fermentation from
natural sources (bio-based methionine) is not very successful so far. The main drawback is that the
overproduction of methionine is highly regulated and energy-intensive and is not overproduced by
wild-type bacteria. The methionine yield reached with a wild-type strain is below 20% (g Met/g
glucose); the employment of GMO strains allows to reach the methionine yield of 30-35% (Willke
2014). As a result, methionine produced by fermentation from natural sources is far from being
competitive with methionine produced by chemical synthesis.
The main area of application of methionine is animal feed. Methionine is the 1st limiting amino acid
in poultry feed, therefore, the demand for methionine is mainly driven by the demand for poultry
feed, which in turn mainly depends on the development of egg and poultry meat consumption. The
shift of consumer preferences away from pork to poultry products has a positive impact on the
demand for feed-grade methionine.
The use of synthetic methionine is practically banned in organic farming and the supply with
methionine has become a problem. The demand for "eco-methionine" is likely to increase in the
future, for example through the promotion of organic farming in the EU. Thus, companies are trying
to develop an economic process for the production of methionine from natural sources without
using GMO stains, however, this aim is not yet realized (Willke 2014).
The whole production of feed-grade methionine in the EU is currently fossil-based. However,
Adisseo announced concrete plans to produce methionine via fermentation from natural
resources (Latieule 2018; Adisseo 2019). Adisseo is building upon two projects in this regard. The
first project developed in partnership with the French start-up ALDERYS aims to obtain
L - methionine through a sugar-based fermentation process. The second one, ECOMET-Bio
project 26 , is carried out in partnership with INSA in Toulouse (Institut National des Sciences
Appliquées de Toulouse) and aims to reach within 4 years (2017-2021) the level of technological
maturity for an innovative process for the production of 2,4 dihydroxybutyrate (2,4-DHB) (glucose
fermentation) followed by a final chemical stage to produce the liquid form of methionine: Lhydroxymethionine. The success of these projects would allow the creation of an industrial
production demonstrator by 2022-2025. However, it is open where this demonstration site will be
located, inside or outside the EU.
26

https://www.ademe.fr/ecomet-bio
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Methionine has two dedicated codes in trade statistics: HS 29304010 “Methionine (INN)”
(L - methionine27) and HS 29304090 “Methionine (excl. methionine (INN))” (DL-methionine). It does
not have a dedicated PRODCOM code, but belongs to a PRODCOM code 20145133, in the
description of which it is explicitly mentioned: “Thiocarbamates and dithiocarbamates; thiuram
mono-, di- or tetrasulphides; methionine”. It is classified under NACE: 20.14 “Manufacture of other
organic basic chemicals”.
According to the trade statistics, the EU is the net-importer of methionine (sum of HS 29304010
and HS 29304090) with a net-import of up to 30,000 tons/year (exception is 2018: net-export of
169,000 tons) (Figure 14).
Figure 14 – Net-Import of Methionine (HS 29304010 and HS 29304090) in the EU28
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As methionine does not have a dedicated PRODCOM code, there is no official statistic on
methionine production. However, considering that the EU market for methionine is estimated to
be around 250,000 tons, the major part of the methionine is produced within the EU. Evonik is the
main producer of methionine in the EU, followed by Adisseo (see Chapter 3.3.1)
The development of prices for methionine can be calculated using the trade statistics (volumes and
values of imports/exports). Alternatively, for the development of world prices of methionine the
ABRAMS world trade wiki (Figure 15) and for the local prices in the EU the crowdsourcing tool
named Glowlit (Figure 16) could be used (chapter 3.2.3).

27

www.dcfinechemicals.com
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Figure 15 - Development of global price for Methionine (HS 293040)

Source: https://en.abrams.wiki/

Figure 16 – Development of prices for DL-Methionine (Western Europe)

Source: https://glowlit.com
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3.3.2.3 Other amino acids
Other amino acids currently used (or considered to be used) as feed additives for animal feed
include, besides threonine (Thr) and tryptophan (Trp), further “new” amino acids such as valine
(Val), Isoleucine (Ile), Arginine (Arg), Cystine (Cys) and Histidien (His).
All these amino acids have some common features regarding their production and use:
•
•
•

•
•

The main production process is a fermentation process using usually sugar as the
fermentation substrate.
These amino acids are further limiting amino acids after lysine and methionine, therefore,
the quantities of these free amino acids added to feed are significant lower as those for
lysine and methionine.
Most of them should be added to the feed after the shortage of previous limiting amino
acids (1st, 2nd etc. limiting amino acids) is balanced. Although, it is sometimes reasonable to
add one (or more) of them because of its functional role (e.g. arginine is credited to have
an effect on reproductivity).
The markets of these amino acids are much smaller. Especially for "new" amino acids it is
hardly possible to justify the construction of a large-scale production facility for only one
"new" feed amino acid so that economies of scale can hardly be exploited.
As the costs associated with the placing of a new feed additive on the market are very high
(EU regulation, see chapter 2.1.3) and the quantities of “new” amino acids to be sold on the
market are low, producers usually face low return on investment (ROI).

Amino acids listed above also have common features when it comes to statistical recording:
•
•

None of them has its own dedicated PRODCOM code (Table 1).
None of them has its own dedicated HS/CN code (Table 1).

Therefore, results on feed-grade amino acids markets presented below are based only on literature
review and interviews conducted within this study.

Threonine (Thr)
Threonine (Thr) is the third limiting amino acid after lysine and methionine in the animal feed. The
major share of commercially produced threonine employs a fermentation process using usually
sugar as the fermentation substrate. The conversion ratio from glucose to threonine reported in
scientific literature varies between 40-50% (Chen et al. 2009; Lee et al. 2007; Zhao et al. 2018; Zhao
et al. 2020).
Figure 17 shows the development of average global prices for L-threonine.
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Figure 17 - Development of prices for L-Threonine

Source: https://glowlit.com28

The production of threonine has already achieved a high level of maturity. The production process
of threonine is similar to that of lysine, which is why threonine can also be produced in standard
lysine production facilities (ECOSYS 2011). The production process of threonine was developed in
Europe, so that a substantial part of the production has taken place in Europe in the last decades.
In the last decade, there were two producers of threonine in the EU: Evonik Ind. with a site in Kaba,
Hungary and Ajinomoto Animal Nutrition Europe (AANE) with a site in Amines, France. In 2009, the
total EU demand for feed-grade threonine was estimated to be about 74,000 tons and was
completely covered with the threonine production within the EU (about 76,000 tons) (ECOSYS
2011).
Although in 2013, Evonik expanded the capacity of its Hungarian Kaba site to 30,000 metric tons
L-threonine (feed grade 98.5%) per annum29, in 2018, the site was closed. It was communicated,
that despite considerable and continual optimizations, it was no longer possible for Evonik to
maintain economic production in Kaba over the long term30. In January 2018, it was announced that
Evonik and the Fufeng Group have entered into a cooperation agreement for the production of
threonine; Chinese specialist in bio-fermentation would toll manufacture threonine for Evonik using
Evonik’s technology 31 . In autumn 2017, Ajinomoto entered into a deal to subcontract the
production of feed grade lysine and threonine to China’s Meihua Holding Group. It was
communicated, that Ajinomoto did not invest in more threonine (or lysine) production in Europe
because it cannot get a ROI on such outlay.

28

https://www.allaboutfeed.net/market-prices/amino-acids-prices/

29

https://animal-nutrition.evonik.com/en/evonik-set-to-expand-its-threamino-capacity-in-europe-100453.html

30

https://corporate.evonik.com/en/investor-relations/evonik-to-close-its-kaba-site-in-hungary-106916.html

31

https://corporate.evonik.com/en/investor-relations/evonik-and-fufeng-group-enter-strategic-partnership-for-theproduction-of-threamino-106923.html
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To conclude, in 2009, the total EU demand for feed-grade threonine was completely covered with
the threonine production within the EU. In 2019, the demand for threonine in the EU has grown,
but no production of threonine takes place in the EU any more (Table 6). Similar, as in case with
lysine, the EU is in a situation of a permanent dependency from import of feed-grade threonine
from third countries, especially from China.
Table 6 – Development of the threonine market in the EU

2009
2019

EU market, tons

EU production, tons

Self-sufficiency

74,000
>120,000

76,000
0

>100%
0

Source: (ECOSYS 2011), own estimation

It seems that when the production of amino acid through the fermentation process achieves a high
level of maturity and the demand for the respective amino acid in Asia is high enough, producers
prefer to relocate the production in Asian countries and only import it to the EU. Communicated
reasons are missing the possibility to maintain economic production over the long term and a low
return on investments (ROI). Besides higher production costs, the strict legal requirements for
production sites are conceivable disadvantages of the EU as a production location.

Tryptophan (Trp)
Tryptophan (Trp) is the fourth limiting amino acid in animal feed. Commercial production of
tryptophan employs mainly a fermentation process usually using sugar as the fermentation
substrate. The conversion ratio from glucose to tryptophan reported in scientific literature varies
between 15-19% (Chen et al. 2018; Du et al. 2019) and is quite low in comparison with yields of lysin
and threonine. The prices for L-tryptophan are accordingly much higher than those for lysine or
threonine. (Figure 18)
Figure 18 - Development of prices for L-Tryptophan

Source: https://glowlit.com
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The global market for tryptophan is much smaller of that for methionine, lysine and threonine
and has been estimated at about 10,000-17,000 tons. It is a very dynamic market, driven mainly by
increasing demand in Europe.
To our knowledge, feed-grade tryptophan is produced in the EU only in France (Amiens) by
Ajinomoto. In 2014, Ajinomoto announced that it would increase its annual production capacity of
the feed-grade tryptophan manufactured and sold in France from 4,500 tons to 7,500 tons32. In
2019, it was announced that tryptophan production had been expanded by 60% since 2016, which
is consistent with the intentions announced in 2014. In 2011, Evonik announced that it was
expanding the capacity of its tryptophan plant in Slovenska Lupca, Slovakia to 2,000 tons/year33.
Later, however, Evonik stopped the production of this amino acid in Europe.

Valin (Val), Agrinine (Arg), Isoleucine (Ile), Leucine (Leu), Histidine (His) etc.
All these amino acids are produced through fermentation. They could be seen as “new-comers”
among free feed-grade amino acids used in animal feed. The quantities of these amino acids used
in animal feed are quite small. However, the interest in use of them in animal feed in the EU is
increasing.
To our knowledge, all of these feed-grade free amino acids are currently produced in the EU by
only one manufacturer: Ajinomoto produces these amino acids at its site in Amiens, France. This
site has been modernized in recent years and offers a great flexibility: the producer can easily switch
from the production of one amino acid to another. Ajinomoto's European team tests products under
local conditions and conducts local feeding trials.
Once advantages from the use of these "new" free amino acids in animal feed are proven, the
production process is further optimised and prices allow their use worldwide, the required
production quantities would increase. In this case, the question of relocating the production site
could also arise for these amino acids, as was the case for lysine and threonine.

32

https://www.foodingredientsfirst.com/news/ajinomoto-group-to-increase-production-of-feed-grade-aminoacid-tryptophan-in-france.html
33

https://animal-nutrition.evonik.com/en/evonik-expands-its-l-tryptophan-capacity-100457.html
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4 Insect biomass
4.1Units and scope of analysis
4.1.1

Units of analysis

The unit of analysis is the insect industry with its output in terms of insect biomass. Where
possible, insect biomass is further differentiated into live insects and products processed from
insect biomass such as insect proteins, insect oils and fertilizers.

4.1.2

Scope of analysis

The focus of the analysis is on insect biomass, with an emphasis on insect biomass used as feed.
The concept of ‘insect production’ includes both insect breeding and insect processing (IPIFF 2020b).
The end-product are live insects as well as products processed from insect biomass.
Live insects are used directly for food (edible insects) or feed, or processed into other products.
Figure 19 shows an example of the processes that take place in an insect farm that both breeds and
processes insects, as well as the finished processed products that could be manufactured. Insect
proteins can be used for feed or food, insect oils (lipids) can be used for food, feed, pharmaceuticals,
chitosan can be used for the production of biomaterials and insect fertilizer can be used in
agriculture. For animal feed, live insects and insect proteins are the most important products.
Figure 19 – Insect farming: processes and finished products from insect biomass

Source: www.ynsect.com
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The geographical focus of our study is the EU as a whole. While conducting this case study, we
aimed to collect information mainly on:
•
•
•

production of insect biomass,
prices of end products, especially insect proteins,
environmental impacts of production and use of insect biomass as feed.

Special attention was paid to the dynamics on the market for insect biomass, which is accompanied
by an up-scaling of production.

4.2Data collection
4.2.1

Official statistic

Neither the rearing of live insects nor the production of products processed from insect biomass are
currently recorded in European statistics explicitly. Therefore, no figures can be taken from official
European statistics.
Communication with a statistical authority in Germany revealed that no information on insect
rearing is currently collected at national level. It was, however, stressed that in the long-term
information on alternative protein sources (e.g. insect biomass) for feed should be collected.

4.2.2

Literature review

We conducted a review of scientific and grey literature, as well as websites of insect producers
and the association representing the interests of the insect production sector in the EU, called the
International Platform for Insects as Food and Feed (IPIFF)34.
Important sources for the identification of producers of insects and products thereof as well as
their activities in the EU were the list of members of the IPIFF as well as the overview provided on
the website “AllAboutFeed” (www.allaboutfeed.net)35.

4.2.3

Interview

We conducted interviews to collect additional information. We were able to conduct three
interviews with different stakeholder: a representative of the insect industry, a representative of
the feed industry and an animal nutrition expert.
The interviews with the stakeholders were semi-structured interviews and were conducted in
single sittings in September, November and December 2020.
34

https://ipiff.org/

35

https://www.allaboutfeed.net/all-about/new-proteins/update-a-z-of-insect-protein-oil-companies/
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4.3Results and caveats
Insect farming is a relatively new but fast emerging sector in the EU. At the beginning of the
century there were only three firms farming insects on the industrial scale in the Netherland (ProtiFarm Holding NV, Kreca and Fair Insects) mainly for petfood and food. With the grounding of
Hermetia (Germany) in 2006, Protix (The Netherland) in 2009 and Ÿnsect (France) in 2011 the new
era has begun. Over the last decade, the number of companies farming and processing insects has
increased significantly and we have been able to identify 47 companies producing and processing
insects on an industrial scale in the EU and in the UK (as of February, 2021) (Appendix A).
The establishment of an EU regulatory framework for the insect industry has a big impact on the
development of the market landscape in the EU. With respect to insect farming important is that
in the EU legislation insects are recognized as farm animals and can only be fed with materials
authorised for feed, such as plant origin materials and/or eggs and/or milk and derived products
(IPIFF 2020b).
The most interesting application areas for the insect industry are food and feed. The use of insects
and product thereof as food in the EU is ruled by the EU Regulation 2015/228336: “whole insects
and their parts” are recognised as “novel food”.
The insect industry has an even stronger interest in using insects as feed, as this market is much
larger and the complete opening of this market could be a strong incentive to upscale production.
Currently, the use of live insects for pet food and animal feed is permitted under national
legislation in certain EU member states. There is no restriction for the use of insect fat for feed.
Whole insects (dried or frozen, no milled) are allowed for use in pet food. However, the use of
insect protein, which can be considered as the main product from insect processing, has the
strongest restrictions. It is allowed in pet food and, since July 2017, insect products from seven
insect species (black soldier fly, house fly, yellow mealworm, lesser mealworm, house cricket,
banded cricket and field cricket) are also authorised for feeding aquaculture animals37. The use of
insect protein for poultry and pigs is currently prohibited, but according to a draft proposal by the
Standing Committee on Plants, Animals, Food and Feed (PAFF Committee) the Annex IV to
Regulation (EC) 999/200138 would be amended, whereby e.g. the use of processed animal proteins
(PAP) derived from insects for feeding of poultry and pigs would be probably allowed soon 39. Figure
20 summarises the current (as of March, 2021) legal regulation of the use of insects and products
processed from insects in animal feed in the EU.

36

http://data.europa.eu/eli/reg/2015/2283/oj

37

http://data.europa.eu/eli/reg/2017/893/oj

38

http://data.europa.eu/eli/reg/2001/999/oj

39

https://ec.europa.eu/food/sites/food/files/animals/docs/reg-com_ani-nutrit_20201215_sum.pdf
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Figure 20 -The EU regulatory framework for use of insects in animal feed (as of March, 2021)

Source: (IPIFF 2020b)

Presently, the most commonly reared insect species in the EU are black soldier fly (Hermetia
illucens), mealworm (Tenebrio molitor) and house cricket (Acheta domesticus) (Figure 21). Most
companies focus on one insect species. Companies that use more than one species produce usually
insects also for food (Appendix B).
Figure 21 – Numbers of companies in the EU using different insect species
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In terms of application, most frequently targeted market is feed for aquaculture animals/ farm
animals, followed by pet food and food; fertilizers for agriculture is not a primary targeted category
but more a by-product of insect biomass processing (Figure 22).
Figure 22 –Targeted markets by insect companies in the EU
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Source: own presentation based on Appendix B

With respect to the end products our overview reveals that only some companies focus solely on
the rearing of insects and the production of whole insects, and approximately the half of companies
that processes insect biomass supply also whole insects as end-products (Figure 22)
Figure 23 – End-products of insect companies in the EU
only whole insects
16%
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whole insects and
processed products
40%

Source: own presentation based on Appendix C

Almost all companies (95%) that process insect biomass name insect protein as their end product;
fertiliser and insect oil are also very frequent named as end products (by 68% and 55% of
companies respectively), whereas chitosan and other products (e.g. pasta including insect meal) are
relatively seldom named as end products (by 13% and 24% of companies respectively) (Figure 24).
Figure 24 – Frequency of naming specific products as end product by companies processing insect biomass
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It is often not entirely clear whether companies are already producing insect biomass for the market
or are still in the research project/pilot phase. Many companies are start-ups that build on the
research projects funded with public money. As data on the production of insects and the
processing of insect biomass in the EU are not reported in official statistics, the survey of
producers is the only currently available option to collect this information.
International Platform for Insects as Food and Feed (IPIFF) conducted a survey of producers and
provide some first numbers that allow to approximate the size of the insect industry / the size of
market for insects and products thereof in the EU. According to conducted questionnaire the IPIFF
estimated, that in 2019 approximately 5,000 tons of insect protein were produced in Europe (IPIFF
2019c, 2019a). IPIFF forecasts that the sector will achieve significant volume growth in the next few
years, with an estimate 3 million tons produced by 2030, out of which circa 10% produced for food
application (IPIFF 2019c). In case, when all legislative opportunities would be “unlocked” (new feed
substrates would be authorised, as well as insect protein in poultry and swine feed would be
authorised) the European insect sector could achieve 5 million tons by 2030 (Scenario 1); when,
however, both legislative opportunities would remain “locked” (Scenario 2) the sector will not
achieve 2 million tons by 2030 (Figure 25).
Figure 25 – Estimated volumes of production of insect protein until 2030 in Europe

Source: (IPIFF 2019c)

According to a survey IPIFF has launched in March 2020, in 2019, European insect Food Business
Operators (iFBOs) accounted for about 500 tons of insect-based products (whole insects, insect
ingredients and products incorporated with edible insects) placed on the European market (IPIFF
2020a). The market for edible insects is projected to grow strongly in the next few years and
forecasted to achieve about 260,000 tons by 2030
Based on its surveys IPIFF provides also some further figures e.g. on investments and employment
in the sector. In total, by September 2019, more than 600 million EUR have been invested and,
according to IPIFF forecast, more than 2,5 billion EUR will be invested by the mid-2020s (IPIFF
2020b). The number of jobs is still low, but it supposes to increase with the growth of the sector
significantly.
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A strong increase in production if insects and products thereof forecasted by IPIFF should be
achieved by scaling up the production. Meanwhile, it could be said, that insect industry is ready for
it.
The Netherlands insect pioneer Protix is the most advanced insect company that has demonstrated
industrial-scale production in a way that is scalable and multipliable. In 2019, Protix opened a
production facility in Bergen op Zoon, where up to 100,000 tons/year of vegetable remnants are
fed to larvae of the black soldier fly. Currently, about 200 tons of “waste” per day is used at this
facility to produce about 15 tonnes of high-value ingredients per day40. The facility features full
automation and a modular design. In this way Protix has demonstrated industrial-scale production
in a way that is scalable and multipliable.
Another producer, French company Ÿnsect, is currently building a large-scale plant outside Paris,
which it claims will be the largest insect production facility (vertical farm) in the world. By the end
of 2021, the company aims to produce 100,000 tons/year of insect protein from mealworms.
Besides a premium insect protein meal intended mainly for farmed fish and domestic animals, the
company produce a premium fertilizer based on insects' dejections41.
In the next few years, more companies could reach a phase of industrial up-scaling. However, most
of companies are still in so called “the PowerPoint phase” or in “the pilot phase”42. The main factors
that would help producers to take their business to the next level are:
•
•
•

authorisation of new feed substrates for insects such as former foodstuffs,
authorisation of insect protein for use in poultry and swine feed,
investments in the automatization, e.g. development of feeding machine for the insect
market (insect are mainly hand-fed every day and that is labour-intensive).

SUStainable INsect CHAIN (SUSINCHAIN) 43 is a project funded with a grant from the European
Union’s Horizon 2020 programme and aims to overcome the barriers for increasing the economic
viability of the insect value chain and opening markets by combining forces in a comprehensive
multi-actor consortium. This will pave the way for further upscaling and commercialisation of the
European insect sector.
The up-scaling will help to lower the prices of products derived from insects, such as insect meal.
Currently, the prices for e.g. insect meal are high in comparison with other sources of protein,
especially soybean meals (Appendix D). Therefore, even after the authorisation of insect protein for
use in poultry and swine feed the market for aquaculture feed will remain of most importance, as
the willingness to pay there is higher. The integration of insect meal in the formulation of feed for
poultry and swine would also take a while. Besides the price disadvantage the industry could face a
low willingness to integrate insect-derived ingredients in the feed formulation.
40https://salmonbusiness.com/insect-farm-protix-boss-i-would-love-to-go-the-majority-into-the-salmon-business/
41

https://futurezone.at/digital-life/fabrik-bruetet-100000-tonnen-insekten/401066649

42

https://agfundernews.com/protix-insect-protein-startup-raises-19m-for-international-expansion.html

43
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The market where insect-derived products might penetrate easier is the market for organic feed
for poultry (and swine). Here the willingness to pay is higher and producers are looking for
additional sources of proteins. This can be partly to explained by the restriction on use of free amino
acids. However, to be used in organic farming insects or products derived from insects should be
certified. While insect production is already eligible to organic certification in certain non-EU
countries (e.g. USA, Canada or Switzerland), EU insect producers are not eligible to (public) organic
certification, due to the absence of EU organic standards for their products (IPIFF 2019b).
Generally, it is acknowledged, that insects and insect-derived products could be an important
source of protein in feed, but they will be one among other protein-rich ingredients. Their broader
use as feed ingredients would have an impact on the feed formulation, e.g. which free amino acids
will be required more. With regard to some amino acids, e.g. tryptophan and lysine, the nutritional
composition of insects is deficient, so that supplementation e.g. with free amino acids would be
necessary (Jeinsen et al. 2019).
The use of insects and insect-derived products in animal feed would not only increase EU’s selfsufficiency with respect to protein-rich materials, but also contribute to EU’s agricultural
circularity. In order to assess various possible environmental benefits from the use of insects and
insect-derived products in animal feed, it would be necessary to perform LCA on these products.
The Global Feed LCA Institute (GFLI)44 is developing an LCA database and tool, which together with
the underlying UN FAO LEAP based methodology aims to be the reference for assessing and
benchmarking feed industry impact and improvement in LCA calculations. The GFLI database
consists of the LCA of raw materials from various regions in the world. Currently, this LCA data base
dose not incorporate insects and insect-derived products. However, the some efforts are already
done by researcher that could help to close this gap (Smetana et al. 2021).
In summary, insect farming is a relatively new but fast-growing sector in the EU. It is also an
example of how the bioeconomy is unfolding even within a traditional sector such as agriculture.
Currently, there is no explicit recording of the insect industry in European official statistics. We
think, however, that its explicit recording would be needed in the future.
As insects belong to the farm animals, the production of live insects could be seen as incorporated
within the NACE in “Section A – Agriculture, forestry and fishing”, “Class – 01.49 Raising of other
animals” and the production of insect protein and oil could be seen as incorporated within the NACE
in “Section C – Manufacturing”, “Class – 10.41 Manufacture of oils and fats” (Eurostat 2008).
As there are no PRODCOM codes for agricultural products, no PRODCOM codes could be proposed.
But the production of insects and insect-derived products could be incorporated in the European
agricultural statistic.

44

https://globalfeedlca.org/
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5 Conclusions and recommendations
5.1 Amino Acids
The evaluation of the contribution of bio-based economy for some products grouped together
under specific PRODCOM code is challenging enough. However, it could be even more challenging
if the evaluation should be done for an application category such as “feed grade amino acids” that
we focus on in our case study. The first step we have done was the identification of single relevant
products and their assignment to statistical codes CN and PRODCOM. The result was that only one
amino acid (lysine and its salts) has its own CN and PRODCOM codes. Some of amino acids have its
own CN code but are linked to a PRODCOM code that incorporate other products (also not amino
acids). Still others do not even have their own CN code. In general, was recognized, that amino acids
belong even to different PRODCOM categories: Pharmaceuticals (C21) and Chemicals (C20).
With the exception of methionine which is currently produced solely by chemical synthesis all
amino acids are produced via fermentation process and are 100% bio-based. Therefore, it is not
necessary to apply bio-based shares if statistical data on individual amino acid is available. But
looking into production data on lysine which has its own PRODCOM code shows that information
on the level of EU member states is confidential and the EU total is only a rough estimate.
To summarise, official statistics provide some trade data, but hardly any data related to
production of amino acids. The main problem is not even a lack of information specifically on biobased products, but general data gaps on amino acids caused by a lack of dedicated codes for
amino acids and confidentiality issues.
A review of scientific and grey literature, as well as different relevant websites helps to collect some
information. The gaps in production figures, however, could not be closed. However, such review
helped to get the overall picture of the market, there driving forces that define the dynamics on the
market. Interviews conducted within this study helped to get more insights, but also did not help
to close data gaps related to the production. The main reason was also related to the confidentiality
issue.
Collected information was summarisied in results and can help to monitor this category. However,
for monitoring of this application category more information from official statistic is needed.
Especially, with regards to new products it is difficult to monitor their dynamics if no data are
provided.
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5.2 Insect Biomass
Insect farming is a relatively new but fast-growing sector in the EU. It is also an example of how
the bioeconomy is unfolding even within a traditional sector such as agriculture. Currently, there is
no explicit recording of the insect industry in European official statistics.
The end-product of insect farming are live insects as well as products processed from insect
biomass. Insects are recognised in the EU as farm animals. From the literature review we have
identified 47 companies producing and processing insects on an industrial scale in the EU and in
the UK. The most commonly reared insect species are black soldier fly, mealworm and house
cricket. In terms of application, most frequently targeted market is feed for aquaculture animals/
farm animals, followed by pet food and food. With respect to the end products our overview
reveals, that only some companies focus solely on the rearing /the production of whole insects, and
approximately the half of companies that processes insect biomass supply also whole insects as endproducts. Almost all companies that process insect biomass name insect protein as their end
product; fertiliser and insect oil are also very frequent named as end products, whereas chitosan
and other products are relatively seldom named as end products.
As data on the production of insects and the processing of insect biomass in the EU are not
reported in official statistics, the survey of producers is the only currently available option to
collect information. International Platform for Insects as Food and Feed (IPIFF) conducted survey
of producers, results of which are currently the most important source of information on insect
industry. According to IPIFF, in 2019 approximately 5,000 tons of insect protein were produced in
Europe (IPIFF 2019c, 2019a). IPIFF forecasts that the sector will achieve significant volume growth
in the next few years, with an estimate 3 million tons produced by 2030, out of which circa 10%
produced for food application (IPIFF 2019c).
A strong increase in production if insects and insect-derived products should be achieved by scaling
up the production. Currently, only two companies (the Netherlands pioneer Protix and French
company Ÿnsect) produce on the industrial scale. In the next few years, more companies could
reach this phase. Today, most of companies are still in so called “the PowerPoint phase” or in “the
pilot phase”.
The main factors that would help producers to take their business to the next level are:
authorisation of new feed substrates for insects such as former foodstuffs, authorisation of insect
protein for use in poultry and swine feed and investments in the automatization.
The use of insects and insect-derived products in animal feed would not only increase EU’s selfsufficiency with respect to protein-rich materials, but also contribute to EU’s agricultural
circularity. In order to assess various possible environmental benefits from the use of insects and
insect-derived products in animal feed, it would be necessary to perform LCA on these products.
As there are no PRODCOM codes for agricultural products, no PRODCOM codes could be proposed.
But the production of insects and insect-derived products could be incorporated in the Europe
agricultural statistic.
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Appendix
Appendix A
Table A1 - Insect companies in the EU and insect species they use
Country

Company

Production
capacity

black
soldier
fly

mealworm

crickets
and
locusts

Other

Link

AT
AT/HK/
UK
BE

ECOFLY

1t/m2/a

X

LIVIN farms
CircularOrganics

n.a.
n.a.

X

BE

Nusect

61t/a*

X

https://nusect.be/

BE

Top Insect

30t/a*

X

http://www.topinsect.net/

BG

NASEKOMO

n.a.

CH

essento

n.a.

DE

Hermetia

350t/a*

X

http://www.hermetia.de/

DE

Illucens

n.a.

X

https://illucens.com/en/

DE

Probenda

n.a.

X

https://probenda.de/

DE

Wendepunkt

n.a.

X

https://www.wendepunkt-fuz.com/

DE

plumentofoods

n.a.

DE

n.a.

DK

imago
Danish Technological Institute

DK

BioInsect

n.a.

DK

Enorm

36.500t/a

ES

n.a.

ES

entogourmet
MealFood
europe

ES

entomo

n.a.

X

https://entomoagroindustrial.com/

ES

Bioflytech

X

https://bioflytech.com/

ES

proteinsecta

1.000t/a
24t/a,
Forcast:
100t/a*

FR

Agronutis

n.a.

X

https://www.agronutris.com/en/

FR

innovafeed

n.a.

X

https://innovafeed.com/

FR

invers

24t/a*

FR

JIMINI`S

n.a.

FR

MUTATEC

500t/a*

X

https://mutatec.com/?lang=en

FR

NextAlim

3.650t/a

X

http://www.nextalim.com/

FR

Protifly

1.825t/a*

X

https://protifly.com/

FR

Ÿnsect

100.000t/a

FR/TN

nextProtein

10,95t/a*

X

http://nextprotein.co/

IR

Hexafly

n.a.

X

https://hexafly.com/

http://www.ecofly.at/

X

https://www.livinfarms.com/
https://circularorganics.com/

X

https://nasekomo.life/

X

X

X

X

X

X

X

n.a.

X

https://plumento-foods.com/
https://www.imago-insects.com/

X

X

https://www.dti.dk/specialists/
https://bioinsect.dk/?lang=en

X

https://www.enormbiofactory.com/

X

n.a.

https://essento.ch/en/

https://www.entogourmet.com/

X

X

https://mealfoodeurope.com/en/

X

X
X

X

X

https://www.proteinsecta.es/

https://invers.fr/

X

https://www.jiminis.co.uk/

https://www.ynsect.com/en/
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Continuation of Table A1

Country

Company

Production
capacity

black
soldier
fly

mealworm

crickets
and
locusts

Other

X

X

X

Link

IT

italianCricket
Farm

200.000
crickets/
day

LT

Insectum

1.825t/a*

NL

1.277,5t/a*

X

https://www.amusca.com/

NL

Amusca
KOPPERT
Biological
systems

n.a.

X

https://www.koppert.com/

NL

Protifarm

60.000t/a*

X

https://protifarm.com/

NL

Protix

n.a.

NL

KRECA

500t/a*

NO

invertapro

n.a.

PL

n.a.

PL

Hipromine
proteine
resources

SE

tebrito

n.a.

SE/TH

n.a.

UK

GlobalBugs
MultiCycle
Technologies

UK

Better origin

n.a.

UK

Entocycle

n.a.

X

https://www.entocycle.com/

UK

Multibox

n.a.

X*

http://multibox.farm/

X

X

http://www.insectum.eu/en/

X

X

https://www.invertapro.com/

X

https://www.hipromine.com/

x
X

www.proteineresources.com/
https://www.tebrito.se/

X
X

https://www.krecafeed.com/

X

n.a.

n.a.

https://protix.eu/

X
X

www.italiancricketfarm.com/

https://globalbugs.asia/
https://multicycletech.com/
https://betterorigin.co.uk/

* https://www.allaboutfeed.net/New-Proteins/Articles/2017/12/A-Z-of-insect-proteinoil-companies-162419E/
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Appendix B
Table B1 - Insect companies in the EU and their targeted markets
Country
AT
AT/HK/UK
BE
BE
BE
BG
CH
DE
DE
DE
DE
DE
DE
DK
DK
DK
ES
ES
ES
ES
ES
FR
FR
FR
FR
FR
FR
FR
FR
FR/TN
IR
IT
LT
NL
NL
NL
NL
NL
NO
PL
PL
SE
SE/TH
UK
UK
UK
UK

Company
ECOFLY
LIVIN farms
CircularOrganics
Nusect
Top Insect
NASEKOMO
essento
Hermetia
Illucens
Probenda
Wendepunkt
plumentofoods
imago
Danish Technological Institute
BioInsect
Enorm
entogourmet
MealFood europe
entomo
Bioflytech
proteinsecta
Agronutis
innovafeed
invers
JIMINI`S
MUTATEC
NextAlim
Protifly
Ÿnsect
nextProtein
Hexafly
italianCricketFarm
Insectum
Amusca
KOPPERT Biological Systems
Protifarm
Protix
KRECA
invertapro
Hipromine
proteine resources
tebrito
GlobalBugs
MultiCycle Technologies
Better origin
Entocycle
Multibox

Food

Feed for
aquaculture/ farm
animals
X

Pet food
X

X

X

Fertilizers
X

Other/ not
specified

X
X
X
X

X

X
X
X
X
X

X
X

X
X

X
X
X
X
X
X
X

X

X

X
X
X

X
X
X
X
X

X
X
X

X

X
X
X

X
X

X
X
X
X
X

X

X

X

X
X
X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X

X

X
X
X

X
X
X

X
X
X

X
X
X
X

X
X
X

X
X
X
X

X
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Appendix C
Table C1 - Insect companies in the EU and end products they produce
country

company

AT
AT/HK/UK
BE
BE
BE
BG
CH
DE
DE
DE
DE
DE
DE

ECOFLY
LIVIN farms
CircularOrganics
Nusect
Top Insect
NASEKOMO
essento
Hermetia
Illucens
Probenda
Wendepunkt
plumentofoods
imago
Danish Technological Institute
BioInsect
Enorm
entogourmet
MealFood europe
entomo
Bioflytech
proteinsecta
Agronutis
innovafeed
invers
JIMINI`S
MUTATEC
NextAlim
Protifly
Ÿnsect
nextProtein
Hexafly
italianCricketFarm
Insectum
Amusca
KOPPERT Bioecological systems
Protifarm
Protix
KRECA
invertapro
Hipromine
proteine resources
tebrito
GlobalBugs
Better origin
Entocycle
Multibox

DK
DK
DK
ES
ES
ES
ES
ES
FR
FR
FR
FR
FR
FR
FR
FR
FR/TN
IR
IT
LT
NL
NL
NL
NL
NL
NO
PL
PL
SE
SE/TH
UK
UK
UK

insect oil

insect protein

fertiliser

X

X

X

X

X

X

whole insects

chitosan

other

X
X
X
X

X
X

X
X
X
X
X
X

X

X

X
X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X

X
X

X

X

X
X

X
X

X

X
X
X
X
X
X
X
X
X
X

X

X
X

X
X
X
X

X
X
X

X

X
X

X
X
X

X
X
X
X
X
X
X

X
X
X

X

X
X
X
X

X
X

X
X

X

X
X
X
X
X

X
X
X
X

X
X

X
X

X
X
X
X
X
X
X
X
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Appendix D
Table D1 – Prices for insects and insect-derived products
Product
Fertiliser
Fertiliser
Fertiliser
dry insects
dry insects
dry insects

Company
invers
BioInsect
Hexafly
Essento
Essento
Essento

Insect species
mealworm
Tenebrio molitor
Hermetia illucens
Locusta
Acheta
Tenebrio

Price
2,79€/kg
93,33DKK/kg
1,91€/kg
625CHF/kg
330CHF/kg
178CHF/kg

dry insects

Lyra

mealworm

6,29€/kg

dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects
dry insects

hermetia-zucht
invers
jiminis
jiminis
jiminis
BioInsect
Hexafly
plumentofoods
plumentofoods
plumentofoods
krecafeed
krecafeed
krecafeed
krecafeed
krecafood
krecafood
krecafood
krecafood
krecafood
optiprot

Hermetia illucens
mealworm
Grasshoppers
mealworm
Crickets
Tenebrio molitor
Hermetia illucens
Tenebrio molitor
Alphitobius diaperinus
Gryllodes Sigillatus
crickets
buffalo worm
mealworm
zophoba morio
banded cricket
house cricket
buffalo worm
grasshoppers
mealworm
tenebrio molitor

7,80€/kg
19,47€/kg
460€/kg
345€/kg
460€/kg
1800DKK/kg
15€/kg
233€/kg
233€/kg
433€/kg
193,60€/kg
90,60€/kg
96,80€/kg
138€/kg
256,25€/kg
358,50€/kg
119€/kg
544,50€/kg
303€/kg
1150$/kg

insect meal

snackinsects

Buffalowürmer

48,60€/kg

X

insect meal

snackinsects

mealworm

116,90€/kg

X

insect meal
insect meal

snackinsects
Essento

Grillen
Acheta

194,90€/kg
370CHF/kg

X
X

insect meal
insect meal
insect meal
insect meal
insect meal
insect meal
insect meal
insect meal
insect meal
insect meal
insect meal
live insects
live insects
live insects
oil

hermetia-zucht
BioInsect
Hexafly
italiancricketfarm
plumentofoods
krecafood
krecafood
krecafood
krecafood
optiprot
imago
Hexafly
krecafeed
krecafeed
Hexafly

Hermetia illucens
Tenebrio molitor
Hermetia illucens
Tenebrio molitor
Tenebrio molitor
mealworm
grasshopper
cricket
buffalo worm
tenebrio molitor
Acheta domesticus
Hermetia illucens
mealworm
zophobas morio
Hermetia illucens

9,99€/kg
900DKK/kg
12€/kg
12€/kg
159,90€/kg
133,20€/kg
495€/kg
495€/kg
131,10€/kg
1150$/kg
34,99€/kg
6€/kg
16,90€/kg
19,84€/kg
13€/l

Food

X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X

X

X
X
X
X
X
X
X

Feed/pet foodSource
https://invers.fr/produit/guano-vers-farine/#mode-emploi
https://bioinsect.dk/en/product/biofras-7-5-kg/
https://hexafly.com/product/hexafrass/
https://essento.ch/en/product/locusta-grasshopper/
https://essento.ch/en/product/acheta-cricket/
https://essento.ch/en/product/tenebrio-mealworm/
https://www.real.de/product/323074376/?kwd=&source=pla&sid=23515750&gclid=Cjw
KCAiA4o79BRBvEiwAjteoYOB-yTLc93q-TNcBX
75weSYPnnztY5_2Gb39w8soGqHWuR1LcSXMuxoCAuoQAvD_BwE
http://hermetia-zucht.de/epages/ab99422a-e6dd-45d5-8f1ab8fc0814cabf.sf/de_DE/?ObjectID=3804592&ViewAction=ViewFaceted&FacetValue_Ca
X
tegoryID=3804592
X
https://invers.fr/produit/vers-farine-deshydrates/
https://www.jiminis.co.uk/buy-edible-insects/248-grasshoppers-for-cooking.html
https://www.jiminis.co.uk/buy-edible-insects/242-mealworms-nature.html
https://www.jiminis.co.uk/accueil-en/234-crickets-cayenne-pepper.html
https://bioinsect.dk/en/product/protein-snack-meal-worms-naturel/
X
https://hexafly.com/product/hexagrubs-oven-dried-black-soldier-fly-grubs/
https://plumento-foods.com/produkt/edible-insects-meal-worm/
https://plumento-foods.com/produkt/edible-insects-buffalo-worm/
https://plumento-foods.com/produkt/edible-insects-crickets/
X
https://www.krecafeed.com/freeze-dried-insects/
X
https://www.krecafeed.com/freeze-dried-insects/
X
https://www.krecafeed.com/freeze-dried-insects/
X
https://www.krecafeed.com/freeze-dried-insects/
https://www.krecafood.com/whole-insects/crickets/
https://www.krecafood.com/whole-insects/crickets/
https://www.krecafood.com/whole-insects/order-buffalo-s-edible-insects/
https://www.krecafood.com/whole-insects/grasshoppers/
https://www.krecafood.com/whole-insects/mealworms/
https://www.optiprot.com/productos-optiprot/producto/okuilli-deshidratado-1-kg/
https://snackinsects.com/essbare-insekten-shop/insekten-mehl/insektenmehlinsekten-protein-kaufen
https://snackinsects.com/essbare-insekten-shop/insekten-mehl/insektenmehlinsekten-protein-kaufen
https://snackinsects.com/essbare-insekten-shop/insekten-mehl/insektenmehlinsekten-protein-kaufen
https://essento.ch/en/product/cricket-flour-2/
http://hermetia-zucht.de/epages/ab99422a-e6dd-45d5-8f1ab8fc0814cabf.sf/de_DE/?ObjectPath=/Shops/ab99422a-e6dd-45d5-8f1aX
b8fc0814cabf/Products/1624
https://bioinsect.dk/en/product/protein-flour-200-g/
X
https://hexafly.com/product/hexameal/
X
https://www.italiancricketfarm.com/prodotto/tarma-farina-box-1000gr/
https://plumento-foods.com/produkt/edible-insects-meal-worm-powder/
https://www.krecafood.com/insect-powder/mealworms/
https://www.krecafood.com/insect-powder/grasshoppers/
https://www.krecafood.com/insect-powder/grasshoppers/
https://www.krecafood.com/insect-powder/buffalo-s/
https://www.optiprot.com/productos-optiprot/producto/okuilli-molido-1-kg/
https://www.imago-insects.com/products/cricket-flour-1000-g
X
https://hexafly.com/product/3kg-grubs-for-hens-6-months/
X
https://www.krecafeed.com/insects-alive/mealworms/
X
https://www.krecafeed.com/insects-alive/morio-worms/
X
https://hexafly.com/product/hexaoil/

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773297.

57

