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1 Summary

A growing world population and increasing prosperity are leading to rising demand for animal-
derived food and meat. However, expanding conventional agricultural livestock farming would in-
crease its negative effects on the environment, climate, animal welfare and human health and com-
promise the urgently needed sustainability transition of the agro-food sector. Meat alternatives are
being developed as a potential solution. They mimic meat products in appearance, taste, texture,
and cooking practices, but do not rely on traditional livestock farming.

We investigated the innovation systems (IS) of plant-based meat alternatives (PBMA), insect-based
meat alternatives (IBMA), and cultivated meat (CM) from the interdisciplinary perspective of inno-
vation research and the multi-level perspective of transformation research. Research questions
were:

e How can the innovation systems for PBMA, IBMA and CM be characterized, what are their
strengths and weaknesses in comparative analysis?

e How do the meat alternative innovation systems interact with one another?

e How does the incumbent dominant regime of the livestock and meat sector interact with the
emerging niches of meat alternatives?

e Which recommendations can be derived for the further development of the meat alternative
innovation systems and for harnessing their potential contribution within a protein transition
in the agro-food sector?

e What can be learnt from this analysis for innovation, exnovation and transformation processes
in other traditional sectors?

The comparative analysis of the innovation systems showed that they are in the formative phase.
The PBMA innovation system is the most developed regarding the number and type of actors,
networks, entrepreneurial experimentation and market formation. Although a substantial number
of different PBMA products are readily available to consumers, PBMA are still a niche with produc-
tion volumes and sales of less than 2 % of the meat market. The legitimacy of PBMA is highest of
all meat alternatives studied: PBMA conform to food law and do not require a market authorization.
PBMA acceptance by consumers is highest of all meat alternatives. However, improvements in price,
product quality and variety are required to move the innovation system into the growth phase.

The starting situation in the IBMA innovation system some years ago was comparable to the PBMA
innovation system. However, entrepreneurial experimentation with IBMA was not successful, mainly
for four reasons: consumers' disgust and neophobia regarding IBMA, requirement of a market au-
thorization as Novel Food in the EU, requirement of new production infrastructure for rearing in-
sects, and lack of added functionality of insect proteins compared to plant proteins. As IBMA are
considered as an inferior solution compared to PBMA, insect proteins no longer target the meat
alternative market, but the protein supplement niche market and, to an even larger extent, the pet
and livestock feed market.

Globally, the CM TIS is driven by dedicated CM start-up companies, financed by private investments.
Only few such CM companies are active in Germany. Several German companies have positioned
themselves as globally competitive, major providers of technological solutions to dedicated CM
companies, providing e.g. cell culture media, scaffolds, fermenters, and system solutions for pro-
duction facilities. The current focus is on knowledge development to move from the R&D to the
scale-up phase, to establish production facilities and to start market formation. First pioneering CM
products are commercially available in a few selected restaurants in Singapore and the USA. No
application for market authorization as Novel Food has been filed in the EU yet.
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Interaction between the three innovation systems was modest, due to the differences in maturity
and technology-specific challenges that have to be addressed for each meat alternative specifically.
Because the three innovation systems are still niches struggling to establish and grow, they coop-
erate and join forces in system building functions under the umbrella of alternative proteins. Activ-
ities of mutual benefit can be observed in creation of legitimacy, guidance of the search, resource
mobilization as well as knowledge generation and exchange. Competition between the innovation
systems for financial resources was observed, whereas market competition was not yet relevant,
due to the lack of commercialized PBMA, IBMA and CM products.

The traditional meat industry had shown strong resistance to prior transitions, making use of its
strong political lobby. However, resistance of incumbent actors from the livestock and meat regime
to emerging niches of meat alternatives was less pronounced than anticipated. Resistance differs
between different actor groups and actors: early-mover incumbents get involved in the production
of meat alternatives, while still retaining their focus on traditional meat products. Actors such as
artisanal butchers extend their craft to meat alternatives as a unique selling point for their business.
Using the existing incumbents' production and logistics infrastructure is essential for a rapid up-
scaling of meat alternatives production and gaining larger market shares. Actors such as livestock
farmers and slaughterhouses who do not see a viable future for themselves within a transformed
system fight changes for as long as possible. Using insect proteins as feed ingredient is a strategy
for feed and livestock producers to reduce the environmental footprint per unit meat produced and
thus reacting to landscape pressure to make their business less unsustainable. However, this strat-
egy aims at stabilizing or even expanding mass livestock production, and does not contribute to a
transition to less meat consumption and more plant-based diets. This may be seen as a material
resistance strategy which aims at an incremental improvement of the environmental footprint of
livestock production with the potential to delay more radical changes.

Based on the results of the project, the following recommendations were derived:

e Transition research on meat alternatives and alternative proteins, respectively, should be con-
tinued to provide a sound knowledge base for improving the functioning of the innovation
systems and designing appropriate policy mixes.

e A weakness of the meat alternative innovation systems has been a low level of activities of
guidance of the search and of creation of legitimacy within and by policy. Policy should start a
process with all relevant stakeholders to develop a comprehensive strategy for alternative
proteins to provide direction for the development of the innovation systems. The outcome of
this process should be specific and measureable short-, mid- and long-term goals with a clear
timeline, coordinated and coherent measures to achieve them, and binding commitments.

e To foster the development of meat alternatives, it is recommended to better integrate the ag-
ricultural sector, to develop a coherent R&D strategy and action plan for publicly funded re-
search which complements R&D efforts by the private sector, and to support market for-
mation and the development and amendment of regulations and standards to generate a
positive environment for meat alternatives, but steer their development towards strengthen-
ing their sustainability profile.

Because meat alternatives will not automatically lead to reduced livestock production, it is essential
that the recommended policy process also addresses frame conditions for livestock and meat pro-
duction and the shaping of exnovation for conventional livestock farming and meat consumption
at the same time. Both strands — fostering meat alternatives and exnovation in the livestock and
meat sector — have to be closely aligned and coordinated to be effective and to avoid conflicting
or contradictory incentives.

Fraunhofer ISI | 8



Abschlussbericht TRADINNOVATION Forderkennzeichen 031B0783

2 Introduction and Objectives

The transformation process towards a bioeconomy cannot be limited to research-intensive sectors
alone if the bioeconomy is to make significant contributions to overcoming challenges such as
climate and environmental protection, sustainable resource use and food security. Transformation
must also take place in traditional economic sectors, such as the livestock and meat sector as part
of the food industry.

A growing world population and increasing prosperity are leading to rising demand for animal-
derived food such as meat. However, expanding conventional agricultural livestock farming would
increase its negative effects on the environment, climate, animal welfare and human health (Jetzke
et al. 2019; Parlasca et al. 2022) and compromise the urgently needed sustainability transition of
the agro-food sector. From the nutrition perspective, animal-derived food and meat are a major
source of high-quality protein. Against this background, a protein transition (Aiking et al. 2018 //
2020) is called for which should provide the nutritionally required amounts of protein in food in a
more efficient, sustainable way. Since meat consumption is deeply rooted in Western cultures, tra-
ditions, life styles and is associated with socio-economic status, a significant reduction of meat
consumption in Western diets is required, but difficult to achieve. One approach to satisfy the de-
mand for high quality protein for human nutrition, pursued within the bioeconomy, is the develop-
ment of innovative food products, meat alternatives. They mimic meat products in appearance,
taste, texture, and cooking practices, but do not rely on traditional livestock farming.

We investigate the innovation systems (IS) of three alternative meat product groups: plant-based
meat alternatives (PBMA), insect-based meat alternatives (IBMA), and cultivated meat (CA) from the
interdisciplinary perspective of innovation research and the multi-level perspective of transfor-
mation research. For this purpose, we carry out a comparative analysis with the aim to analyze and
answer the following questions:

e How can the innovation systems for plant-based, insect-based meat alternatives, as well as
cultivated meat be characterized, what are their strengths and weaknesses in comparative
analysis?

e How do the innovation systems for plant-based, insect-based meat alternatives, as well as cul-
tivated meat interact with one another?

e How does the incumbent dominant regime of the livestock and meat sector interact with the
emerging niches of meat alternatives?

e Which conclusions, options for action and recommendations can be derived for the further
development of the meat alternative innovation systems and for harnessing their potential
contribution within a protein transition in the agro-food sector?

e What can be learnt from this analysis for innovation, exnovation and transformation processes
in other traditional sectors?
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3 Comparative analysis of the technological innovation sys-
tems for plant- and insect based meat alternatives and culti-
vated meat

3.1 Definitions of the studied meat alternatives

Plant-based meat alternatives (PBMA)' and insect-based meat alternatives (IBMA) are innovative
food products which mimic meat products in appearance, taste, texture, and cooking practices. The
basis for PBMA are plant proteins, isolated from agriculturally grown crop plants such as wheat,
soybeans, peas, and beans etc. The basis for IBMA are protein fractions from the larvae of edible
insects (e.g. mealworm, migratory locust, grain mould beetle, domestic cricket). The insect larvae
are reared in industrial mass production and fed with food-grade side streams of agro-food pro-
duction. Plant and insect protein fractions of different quality and purity (flour, protein concentrates,
protein isolates) can then be processed by conventional food procession technologies to meat-like
products such as burger patties, nuggets, cold cuts and sausages.

Presently, different terms or names are used for cultivated meat (CM), and no consensus has yet
been reached which name should be used. Often used names are cell-based meat, cultured meat,
in vitro meat, lab-grown meat, laboratory meat. In this report, we will use the term cultivated meat.

Cultivated meat is produced by cultivating animal cell lines in bioreactors under controlled condi-
tions. The technological basis is cell culture and tissue engineering, developed as advanced thera-
pies within the regenerative medicine concept, and now being transferred and adapted to the food
sector. The first step is the establishment of reproducible, quality-controlled stem cell lines and
preserving them in a master cell bank. In the second step, cell line samples are cultivated in biore-
actors under controlled conditions to multiply to a large number of cells (proliferation phase), feed-
ing them with a cell culture medium containing essential nutrients. In the third step, differentiation
of the cells into different cell types which make up meat (e.g. muscle cells, fat cells) is induced by
adding differentiation factors (e.g. hormones, growth factors) and scaffolds. The resulting cells are
harvested and processed further to create the required nutritional profiles, taste and texture (Good
Food Institute 2023).

These three meat alternative options have in common that they promise to be solutions within a
protein transition (Aiking et al. 2018 // 2020). This means they promise to satisfy the demand of a
growing world population for high-quality protein in the form of meat in a more sustainable way
than by simply providing meat through expansion of conventional agricultural livestock farming.
Table 1 summarizes similarities and differences of the approaches.

The technological innovation systems (TIS) in Germany for plant-based meat alternatives, insect-
based meat alternatives and cultivated meat were characterized following the approach of Bergek
et al. (2008). As can be deduced from Table 1, the three innovation systems are all in the formative
phase, with the PBMA innovation system being the relatively most advanced.

" Not included in our analysis of PBMA are plant-based foods such as tofu, tempeh, seitan, quorn, soy flakes, falafel etc. Although they often fulfil
the same function as meat within dishes, they do not intend to mimic meat in appearance, taste and texture. Also not included are plant-based
meat alternatives based on algae proteins.
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Table 1: Key features of different approaches to provide meat or meat alternatives
Livestock
. cm IBMA PBMA
farming
Production Livestock farming | Few livestock Insect larvae Agriculture
system for raw animals, cell mass production
material banks
Raw material Animals Cell lines Insect larvae Protein crops
Processing Slaughtering Cell culture, tis- | Conventional protein isolation,
sue engineering | conventional food processing
Innovative food (e.9. extrusion)
processing (e.g.
3D printing)
Product Meat Cultivated meat Meat alternative
Technological Mature R&D phase, in Insect mass pro- | Established, still
maturity transition to duction in scale- | potentials for im-
scale-up up phase, MA- provement
productin estab-
lished, still po-
tentials for im-
provement
Commercializa- | Huge mature Worldwide, very | Hardly any Growing German
tion market few pioneering products on the | niche market
products ap- German market
proved for plac-
ing on the mar-
ket in Singapore
and USA

Source: Fraunhofer ISI, own compilation

3.2

The actors of the three innovation systems were identified according to the categories depicted in
Figure 1.

Actors

All'in all, more than 400 actors could be identified for the three TIS in Germany, some of them active
in more than one TIS. The majority of actors are companies, followed by academic, private not for
profit and federal research institutes, but also (industry) associations, foundations, NGOs and gov-
ernment/regulatory bodies.

Most actors were identified in the PBMA TIS, followed by the IBMA and CM TIS. The actor profile
differs between the three TIS. Companies form the largest share in all three TIS, but are most prev-
alent in the PBMA TIS. By contrast, the relative share of research institutions is larger in the IBMA
and CM TIS. These different profiles are most likely due to the development stage and maturity of
the respective meat alternatives.
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Figure 1: Actors in meat alternative innovation systems
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Some years ago, the meat alternative field was mainly driven by innovative start-up companies and
research institutions. This picture has changed now, especially in the PBMA TIS: in addition to ded-
icated PBMA companies, many established food firms diversify into this sector and integrate PBMA
into their portfolio. Providers of machines, equipment, and complex food processing systems have
recognized alternative proteins as a promising field and have established business units for alter-
native proteins, serving both dedicated PBMA companies in scaling up, as well as established food
firms in adjusting their recipes and existing production lines to PBMA. Also major companies from
the livestock and meat sector are active in this TIS. PBMA are available to consumers via retailers,
supermarkets and catering, including fast food chains. Plant breeders and trade companies to pro-
vide agricultural supplies have recently entered the field. However, the integration of the agricul-
tural sector and farmers could still be improved.

The starting situation in the IBMA TIS some years ago was comparable to the PBMA TIS. However,
first insect-based meat alternatives, developed by start-ups, were commercially not successful.
Meanwhile, many actors seem to have abandoned the IBMA business. If they still work on insect-
based food products, they rather aim at the protein supplement market. They often process and
sell insects or insect proteins imported from other countries (van Huis 2020). However, only few
food products are readily available on the German market which contain insect-based ingredients.
Insect proteins are now predominantly targeted to the pet food and livestock feed market, attract-
ing the respective players in the aquaculture business as well as the poultry and pig feed and pro-
duction business (van Huis et al. 2023). Various research institutions are also active in this field.

In global perspective, the CM TIS is driven by dedicated CM companies. Only few such companies
are active in Germany. However, several German companies have positioned themselves as com-
petitive, major providers of technological solutions to dedicated CM companies, e.g. cell culture
media, fermenters, equipment, and system solutions for production facilities. Established German
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livestock and meat companies also invest into the CM business. Only few academic institutions are
active in the CM field. This may be due to the low level of public R&D funding (chapter 3.5).

3.3 Networks

Important network organizations for alternative proteins in Germany are BalPro e.V.?, ProVeg
Deutschland® and the Good Food Institute Europe/Germany®. They provide platforms for infor-
mation, knowledge dissemination and initiating collaboration and cooperation between actors, as
well as working towards creation of legitimacy for alternative proteins. They focus especially on
PBMA and CM, and in recent years also fermentation and cellular agriculture. They cover all types
of food and food ingredients in the alternative protein field, not only meat alternatives. Balpro also
represents actors who derive alternative proteins from insects.

On EU level, the International Platform of Insects for Food and Feed (IPIFF)° represents the interests
of the insect production sector in the EU to EU policy makers, European stakeholders and citizens.
Founded in 2012, the association currently has 31 members and 17 associated, mainly European
small and medium-sized enterprises.

In 2021, CM companies from Europe and Israel founded Cellular Agriculture Europe®, a policy ad-
vocacy association. In October 2022, the U.S. based Alliance for Meat, Poultry, and Seafood Inno-
vation (AMPS Innovation), APAC Society for Cellular Agriculture (APAC-SCA), and Cellular Agricul-
ture Europe (CAE) formed the tripartite Global Alliance for Advancing Cultivated Foods. This alliance
aims at identifying regional synergies, advocating for regulatory harmonization, and communi-
cating cellular agriculture information’.

Since the 2020s, several national and international conferences, fairs and events specifically devoted
to alternative proteins and products derived from them have been established. Their main target
groups are companies and investors, but academia, government or regulatory agency representa-
tives as well as media also attend these conferences.

Moreover, established conferences and fairs for vegetarian and vegan nutrition, agriculture, food
processing, and meat have integrated alternative proteins into their program. Examples are IFFA® -
International trade fair for the meat industry, Internationale Griine Woche® and the Allgemeine
Nahrungs- und Genussmittel-Ausstellung Anuga'®.

34 Institutions

Up to now, uses of alternative proteins have reached the market which are well covered by existing
regulation and may be placed on the market without prior approval. This is the case for PBMA and
pet food with insect-derived ingredients. However, IBMA and CM are considered "novel" and are

Verband fir Alternative Proteinquellen e. V.; https://balpro.de
https://proveg.com/de/

https://gfieurope.org/de/

> https://ipiff.org/

& https://www.cellularagriculture.eu/

https://www.cellularagriculture.eu/news/apac-europe-united-states-industry-associations-join-forces-in-a-global-alliance-for-advancing-culti-
vated-foods/

8 https://iffa.messefrankfurt.com/
https://www.gruenewoche.de/de/

0 https://www.anuga.de/
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therefore subject to the Novel Food Regulation (EU) No. 2015/2283. It is considered as very likely
that in the near future ingredients produced by precision fermentation will become much more
relevant for producing PBMA, IBMA and CM with superior quality parameters. Many of these ingre-
dients will also require permission by the European Commission to be placed on the market ac-
cording to the Novel Food Regulation.

By January 2023, six insect-based novel foods from four different insects have been granted market
approval by the European Commission, and 16 applications have been filed'". No German actor has
filed an application. Only very few products are commercially available in Germany.

For CM, no application for market approval has been filed yet in the EU'". Officers from the authority
responsible for safety assessment, EFSA, have started an intensive exchange with international reg-
ulatory authorities as well as dialogues with companies'> which intend to file an application. The
aim is to specifically define the scope and requirements of the risk and safety assessment of CM
and to develop guidance for applicants which information they have to provide in their dossier.
Globally, CM is currently only approved for human consumption and commercially available in se-
lected restaurants in Singapore and most recently also in the USA: in June 2023 the FDA gave the
companies Upside Foods and Eat Just Inc. the permission to place their products on the market.

It is expected that the next generation of meat alternatives will be hybrid products which no longer
fall neatly into the categories of e.g. plant-based, fermented or cultivated products. This will chal-
lenge existing regulations and standards. To avoid hindrances, this development has to be ad-
dressed in a proactive and timely manner.

3.5 Knowledge development and diffusion

Public funding of projects on meat alternatives was analyzed for the period from 2009-2023. In this
period, a total of nearly 180 projects with an overall budget of 41.6 mio. € were conducted (Table
2). As information on project budgets was incomplete, this may be an underestimation. PBMA and
IBMA received similar funding volumes in the order of magnitude of 20 mio. €. Public funding of
CM remained in the low single-digit million € range.

If in addition, projects on insects as feed or for industrial use are included, a total of 226 projects
with a budget of 55.6 mio. € were funded.

Analysis of the data by funding organization showed that by far the largest budget is provided by
BMBF (39.1 mio. €), followed by BMEL (8.2 mio. €) and the sum of "other" funding organizations
(7.1 mio. €), mainly Federal states. Project funding by BMWK seems to be low (1.2 mio. €), but is
definitely underestimated, because for the vast majority of projects funded by BMWK, budget in-
formation was not given in the databases.

Looking at the funding profile of the funding organizations, BMBF allocates the largest share of its
funding to insects (23.2 mio. €; equally distributed to food and feed/industrial application), followed
by PBMA funding (13.1 mio. €).

Appr. 75 % of BMEL funding is allocated to insects (6.4 mio. €), nearly exclusively for food. 25 %
(1.9 mio. €) are allocated to PBMA. Feed applications of insects are not in the BMEL focus.

" Fraunhofer ISI analysis of the ‘Union list of novel foods in accordance with Regulation (EU) 2015/2283" in its latest version (https://eur-lex.eu-
ropa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:02017R2470-20230531&qid=1685905686233#tocld2); and EFSA websites https://food.ec.eu-
ropa.eu/safety/novel-food/authorisations/summary-applications-and-notifications_en#not-2022; https://open.efsa.europa.eu/questions

12 https://www.efsa.europa.eu/en/events/efsas-scientific-colloquium-27-cell-culture-derived-foods-and-food-ingredients#documents
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Table 2: Number of publicly funded projects and project budgets for PBMA, insects
and CM in Germany 2009-2023
Proiect budaet Number of projects
Topic Number of projects ) . 9 without budget in-
(mio. €) .
formation
PBMA 101 17.7 30
IBMA 59 20.8 13
CM 16 3.1 3
Total MA 176 41.6 46
!nsects.for feed, 45 154 4
industrial use
Total 226 55.6 50

Source: Fraunhofer ISI analysis of project databases. Inconsistencies in sums in this table are due to allocation of projects to sev-
eral topics.

Taking the number of funded projects as indicator, BMWK funding shows a food funding focus,
addressing mainly PBMA, followed by IBMA. The incomplete budget information does not allow a
budgetwise characterization of the BMWK funding profile.

Other funding organizations also allocate the larger share of their funding to insects (4.8 mio. €),
with a focus on feed/industrial use, followed by insects for food. The smaller share of their funding
goes to PBMA (2.0 mio. €).

R&D activities on meat alternatives are also publicly supported on the EU level. In the EU project
database CORDIS, a total of 72 project with an overall EU contribution of 248 mio. € were identified
in the 7" framework program, Horizon2020 and Horizon Europe.

Food applications comprising PBMA, IBMA and CM had a budget of 183.2 mio. €. Insects for feed
and industrial applications were allocated 71.6 mio. € (Table 3).

Both EU and Germany allocate appr. 95 % of their overall food MA budget to PBMA and IBMA, and
only appr. 5 % to CM. However, they differ in the ratio of PBMA to IBMA funding: EU allocates
approximately 2/3 of its budget to PBMA and 1/3 to IBMA, whereas Germany distributes its budget
nearly equally to PBMA and IBMA.

If insects for feed/industry are also considered, approximately 72 % of the budget both in EU and
Germany goes to different food applications, 28 % to feed applications.

It can be concluded that public funding of meat alternatives in Germany has been modest in the
past 15 years. It was mainly focused on PBMA and IBMA, whereas CM was not a priority. Moreover,
funding of projects is nearly the only instrument. We could not identify larger R&D programs and
only very few coordination or network forming activities that were publicly funded.
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Table 3: Comparison of funding profiles of EU and Germany, 2009-2023
Topic Budget (mio. €) %
EU Germany EU Germany

PBMA 110.9 17.7 60.5 42.5
IBMA 62.8 20.8 34.3 50.0
CcM 9.5 3.1 5.2 7.5
Total 183.2 41.6 100.0 100.0
:EZicsttereu(i{e 71.6 15.4 28.1 27.0
Total 254.8 57 100.0 100.0

Source: Fraunhofer ISI analysis of project databases

For each of the meat alternatives, specific knowledge gaps and R&D challenges exist. It will depend
on solving the following challenges whether market volumes and shares for PBMA will increase:

e Optimization of plant raw materials regarding protein yields and protein functionality, to be
achieved by plant breeding, improvement of (domestic, regional) supply chain infrastructure,
and optimization of plant material processing,

e Improved methods for texturing and structuring plant proteins, to achieve better texture and
enable more complex products,

e Improved taste and nutritional quality, enabled, among others, through improved recipes and
ingredients from precision fermentation and hybrid products with components from plants,
fermentation and cultivated meat.

For IBMA, comparable challenges as for PBMA apply. In addition, the following R&D challenges are
relevant (van Huis 2022):

e Establishing large scale production facilities,

e Improvement of insect strains for industrial production by breeding,

e Optimization of the insect production process with respect to economics, insect growth physi-
ology, insect health,

e Insect feed substrates for different applications,

e Valorization of insect by-products (e.g. chitin, insect frass).

For CM, R&D priorities are the scale-up of CM production to industrial scale, significant cost reduc-
tions and improvements in the environmental footprint. Moreover, optimization of taste, texture
and composition are required. This is also expected from hybrid products which contain compo-
nents from plants, algae, fermentation and ingredients from precision fermentation.

3.6 Guidance of the search

Guidance of the search comprises activities and events that convince actors to enter the TIS or to
further invest in it, due to a positive expectation about the development.

Reasons for actors to enter the meat alternative field lie on the one hand in changes in the land-
scape and comprise e.g. global demographic trends and economic development, leading to an
increased demand for meat, need of sustainability transition of the agro-food sector, debates about
the unsustainability of livestock production (e.g. land use and land use change, emission of green-
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house gases and environmental pollution, resource consumption, contribution to antibiotic re-
sistance, emergence of zoonosis, animal welfare, working conditions of employees), but also in
changing consumer preferences.

The accelerated transformation towards sustainable food and farming systems, reduced land use
for feed and reduced meat consumption are mentioned as goals in various policy strategies. Exam-
ples are the EU bioeconomy strategy, the EU Farm-to-Fork-Strategy, and the German National Bi-
oeconomy Strategy. However, meat alternatives are only explicitly mentioned in the Farm-to-Fork
Strategy. The German government states in its coalition agreement "We strengthen plant-based
alternatives and advocate for the approval of innovations such as alternative protein sources and
meat substitutes in the EU'" (SPD et al. 2021), but does not give additional indications how to
support the field.

Concrete guidance of the search by and within German policy has been low in recent years. Neither
a common understanding which role meat alternatives should play in various policy fields, nor a
common vision how the sector should develop has been communicated.

On the other hand, companies from the agro-food sector have positive expectations at least about
the development of PBMA. Reasons are business opportunities to diversify into a market segment
with above average growth rates, and to make use of established know-how and competencies,
equipment, and production lines. For incumbents of the livestock and meat sector, meat alterna-
tives offer an opportunity to position the company as innovative and to reduce their environmental
footprint. For B2B providers of technological solutions and complex food processing systems, not
only meat alternatives, but the whole alternative protein field is attractive because they provide
enabling technologies for all alternative protein sources and market segments (e.g. dairy, cultivated
seafood, totally new product concepts).

3.7 Entrepreneurial experimentation, market formation and re-
source mobilization

PBMA

Compared to the other two TISs, the PBMA TIS counts by far the largest number of entrepreneurs,
comprising academic spin-offs/start-ups, diversifying medium-sized firms, process equipment and
consumables/ingredient companies, large agro-food companies, large and medium-sized food
companies, all of which bring different knowledge and perspectives into the industry.

While start-ups experiment with innovative product types or processing technologies, incumbents
also have to adapt to start-ups as their new customer group. These customers do not yet have
standardized processes or a clear product concept. Both has to be developed in interaction with
e.g. process equipment providers which must become more agile, and have to provide solutions
based on their experience instead of relying on established routines.

Market estimations for meat alternatives or the alternative protein market differ to a large extent.
The most reliable market figures are available for PBMA. In Europe, Germany is the largest market
for PBMA. A large variety of PBMA is commercially available in German supermarkets. In 2022,
109.800 tons of PBMA were produced in Germany, with a production value of 537 mio. €, an in-
crease by 82 % compared to 2019. Sales of PBMA were 643 mio. € in 2022, with above average
growth rates (Good Food Institute Europe 2023). Target groups for PBMA are not only vegans and
vegetarians, but to a large extent flexitarians.

'3 translation by Fraunhofer ISI
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Despite a dynamic market development, PBMA are still a niche market, compared to meat. The
PBMA production of 109.800 tons is only 1.6 % of meat production (7 mio. tons in 2022) (Good
Food Institute Europe 2023). The calculated per capita consumption of PBMA is in the order of 1
kg/year, whereas the annual per capita meat consumption was 52 kg in 2022.

Consumers' attitudes and acceptance are generally lower for meat alternatives than for meat, but
are highest for pulses and PBMA, followed by CM, and are lowest for IBMA (Onwezen et al. 2021).
Consumers' purchase decisions for PBMA depend on price, followed by taste. Health aspects, envi-
ronmental footprint, animal welfare and curiosity play a role, but hardly influence the purchase
decision. Therefore, significant improvements in production costs, and in product taste and texture
are required for further growth of the meat alternative market segment.

IBMA

Dedicated insect food companies in Germany are mainly small start-up companies. Examples are
WicketCricket' or EntoSus GmbH'". A high dynamic can be observed regarding market entry and
exit of these companies, making it difficult to keep track of the actual status. Most of them process
insect proteins obtained from companies abroad or are active in retail or education/information,
e.g. Catch-your-bug'®. Entrepreneurial experimentation with IBMA around 2019/2020 was commer-
cially not successful. For simple meat alternatives such as burger patties, insect proteins offer no
additional functionality compared to PBMA. Consumers' lack of acceptance and their low willing-
ness to try and eat is due to food neophobia and disgust. Insect-based foods in which insects are
not visible to the consumer create less aversion. As a consequence, several start-ups had to give up
their business, other companies still active in the food business have moved to insect proteins as
food supplement or protein ingredient.

In 2019, 500 tons of insect-based food products were produced in Europe (IPIFF 2020), the total EU
insect production is estimated at a few thousand tons (including insects for feed and industrial
uses). It is estimated that ~50% of the insect industry is engaged in producing pet feed which
contains insects (example Fauna Topics'’). Pet feed is an attractive market, because no regulatory
restrictions apply - in contrast to livestock feed - because pets do not enter the food chain. Several
companies previously engaged in insect food have lost their interest in the food market (e.g. BUGS-
international'®;, Fauna Topics, after integration of start-up company Six-Feet-To-Eat) or started op-
erations in the feed market, with the option to diversify into the food segment in the future (e.g.
Madebymade GmbH'). Moreover, pet feed, especially for cats and dogs which emphasize its hy-
poallergenicity, offers attractive profit margins.

In recent years, the major activity in the insect field of researchers and industry is directed towards
processed insect proteins as feed in aquaculture, poultry and pig feed (IPIFF 2021; van Huis et al.
2023).

4 https://wickedcricket.de/

> https://www.entosus.de/

16 https://www.catch-your-bug.com/

7 https://www.faunatopics.de/

8 https://www.bugs-international.com/

9 https://madebymade.eu/
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c™m

In global perspective, the CM TIS is driven by dedicated CM companies. Their number is estimated
at least 150 (Good Food Institute Europe 2023). Only few such companies are active in Germany,
e.g. Innocent Meat®’, Alife Foods?', and Cultivate Food Labs?’. However, several German companies
have positioned themselves as globally competitive, major providers of technological solutions to
dedicated CM companies, providing e.g. cell culture media, growth factors, scaffolds, fermenters,
equipment, and system solutions for production facilities. Examples for German companies are GEA
with its business unit New Food, Handtmann with its sector unit alternative proteins, Merck, Sarto-
rius, Brain Biotech, and DenovoMatrix. Established German livestock and meat companies also in-
vest into the CM business, e.g. Riigenwalder Mihle, the PHW Group and InFamilyFoods.

Globally, CM is currently only approved for human consumption in Singapore and most recently
also in the USA (permission granted to Upside Foods and Eat Just Inc.). Small amounts of pioneering
products are commercially available in selected restaurants in Singapore and two US cities.

Mobilization of resources

The alternative proteins market is driven by private sector investments. According to research of
the Good Food Institute Europe (2023), the global alternative protein sector acquired a total of
14.2 bn US-$ from 2010 to 2022 for PBMA, CM and fermentation. Table 4 gives an impression of
global investment activities into PBMA and CM in the past three years, summing up to appr.
8 bn US-$. The largest share has been invested in the USA. Table 6 shows investments in Europe in
the past three years, summing up to nearly 1.2 bn €.

The total investment into EU insect business (including pet and livestock feed) is estimated to be in
the order of magnitude of 1.5 bn € (as of December 2022, no time period given)®*. Appr. 1 bn € are
allocated to feed, 0.5 mio. € to food (Eurogroup for Animals 2023).

Information on public funding is given in chapter 3.5.

Table 4: Worldwide investments (mio. US-$) into PBMA and CM, 2020-2022
Meat alternative 2020 2021 2022
PBMA 2.213 2.028 1.188
@\ 379 1.341 896
Total 2.592 3.369 2.084

Source: Good Food Institute Europe (2023)

20 https://www.innocent-meat.com/
21 https://alifefoods.de/
2 https://cultivatedfoodlabs.com/

3 https://ipiff.org/fags_2020/
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Table 5: Investments in Europe (mio. €) into PBMA and CM, 2020-2022
Meat alternative 2020 2021 2022
PBMA 364 247 284
cM 86 92 120
Total 450 339 404

Source: Good Food Institute Europe (2023)

3.8 Creation of legitimacy

The innovation system function of creation of legitimacy is understood as obtaining a status of
perceived social compliance or desirability. It is a generalized perception or assumption that the
innovations are desirable, proper, or appropriate within a socially constructed system of norms,
value, beliefs, and definitions (Bergek et al. 2008). Three different ways to characterize legitimacy
can be distinguished (Suddaby et al. 2017):

e Legitimacy as product property: achieved through fit between attributes of MA and actor
groups’ expectations or existing norms,

e Legitimacy as perception: socio-cognitive construction, perceptions, judgements and actions
of individuals under the influence of collective-level institutionalized judgments,

e Legitimacy as a process: interactive process of social construction, created between those pro
or against meat alternatives.

Legitimacy as product property and as perception are used to characterize the current status of
creation of legitimacy for PBMA, IBMA and CM with respect to aspects which either support or
challenge legitimacy. Moreover, the resulting firm and policy behavior regarding legitimacy as a
process is given.

PBMA
For PBMA, the following arguments are made to support their legitimacy:

e By mimicking meat in appearance, taste, texture and cooking properties, PBMA serve the cul-
tural and socio-economic values assigned to meat.

e PBMA are a solution to environmental challenges in the agro-food sector and a means to
support sustainability transition by reducing the need for livestock farming.

e The overall environmental footprint of PBMA is the most favorable of all three meat alterna-
tives. If protein plants are sourced domestically, they also provide opportunities to diversify
crop rotation and offer perspectives for development of rural regions.

e PBMA raise no animal welfare concerns.

e PBMA make use of familiar raw materials and food production processes.

e PBMA promise to offer a superior solution to meat from livestock from an individual health
perspective (clean eating, more plant-based, meat-reduced diet).

e Benefits of more plant-based diets can be achieved without a major shift in eating habits and
diets. For flexitarians, PBMA increase the variety and convenience of plant-based meals, com-
pared to plant-based diets with a focus on low-processed food.
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The agro-food industry can base PBMA production on established skills, processes, routines,
infrastructures, logistics and business relationships and sees the field as attractive option to
diversify their business and to satisfy consumer demand with innovative products.

PBMA conform to a large extent with the existing food law and do not require market author-
ization.

The following arguments are made which pose a challenge for PBMA to gain legitimacy:

PBMA are inferior mimics of meat regarding taste, texture, variety of products, nutritional
value.

PBMA cannot be considered healthy, due to their ingredients and being highly processed.
PBMA are an inferior solution to plant-based diets with high proportions of fresh and not
highly processed components.

PBMA confirm and solidify the iconic status of meat and run counter to efforts to reduce the
importance of meat in dishes and diets and towards more plant-based diets.

PBMA are overpriced, and therefore are neither accessible nor affordable for all citizens.

These legitimacy challenges led to the following industry association and firm behavior:

Intensive efforts to improve products with respect to meat-like taste and texture, recipes, and
environmental footprint,

Lobbying for a level playing field regarding taxation of meat and PBMA,

Lobbying for PBMA labelling with terms usually used for meat dishes (DLMBK 2018; Deutsche
Lebensmittelbuch-Kommission 2023),

Lobbying for inclusion of PBMA in the National Nutrition Strategy (BMEL 2022) as option to-
wards more plant-based diets and reduced meat consumption by stressing the bridging func-
tion.

IBMA

For IBMA, the following arguments are made to support their legitimacy:

By mimicking meat in appearance, taste, texture and cooking properties, IBMA serve the cul-
tural and socio-economic values assigned to meat.

IBMA are framed as additional, still underutilized food source to fight global hunger and en-
sure sufficient food for a growing world population, as a solution to environmental challenges
in the agro-food sector and as a means to support sustainability transition of the sector by
reducing the need for livestock farming.

IBMA provide environmental advantages compared to livestock farming and meat, use agro-
food waste streams as insect feed and thus contribute to circularity, offer perspectives for de-
velopment of rural regions if agricultural waste is valorized.

IBMA raise no livestock welfare concerns.

IBMA make use of familiar food production processes from the stage of raw material (insect
larvae) processing onwards.

IBMA offer a superior solution to meat from livestock from an individual health perspective
(clean(er) eating, meat-reduced diet).

Benefits of a meat-reduced diet can be achieved without a major shift in eating habits and di-
ets. For flexitarians, IBMA increase the variety and convenience of meat-reduced meals, com-
pared to plant-based diets with a focus on low-processed food.

The food industry can base IBMA production on established skills, processes, routines, infra-
structures and logistics and business relationships from the processing of raw materials (insect
larvae) onwards.
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e The established EU regulatory framework for Novel Food applies to IBMA. The mandatory risk
and safety assessment ensures the safety of IBMA placed on the market. As of 2023, four in-
sect species and six insect-based products have been granted market approval.

The following arguments are made which pose a challenge for IBMA to gain legitimacy:

e |IBMA are inferior mimics of meat regarding meat-like taste and texture, variety of products,
nutritional value.

e |IBMA cannot be considered healthy, due to their ingredients and being highly processed.

e IBMA are an inferior solution to plant-based diets with high proportions of fresh and not
highly processed components.

e IBMA confirm and solidify the iconic status of meat and run counter to efforts to reduce the
importance of meat in dishes and diets and towards more plant-based diets.

e IBMA are an inferior option compared to PBMA in several aspects: the input-to-protein con-
version rate is lower than for PBMA, insect proteins offer no superior functionality compared
to plant proteins.

e Insect larvae as raw material are unfamiliar in Western countries, there is no tradition to eat
insects, and entomophagy leads to disgust and aversion in large parts of the population.

e Industrial insect mass production raises ethical concerns regarding the welfare of farmed in-
sects due to the rearing conditions and killing procedures. There are also concerns regarding
safety, hygiene, use of antibiotics, accumulation of toxic substances etc. (Parodi et al. 2022)

e Insect mass production processes are not yet cost-competitive. Their cost-competitiveness
depends to a large extent on the use of waste substrates to feed the insects, and valorization
of by-products. However, there are currently legal restrictions to this due to food safety and
hygiene reasons.

e High resource demand for investment into insect production facilities and obtaining approval
as Novel Food. Return on investment uncertain due to lack of consumer acceptance of and
demand for IBMA.

These legitimacy challenges led to the following industry association and firm behavior:

e Withdrawal from the IBMA market which targets flexitarians, switching to insect-based food
protein ingredient and supplement market which addresses very specific small consumer
groups,

e Withdrawal from insect food applications, switching to insect-based pet food and livestock
feed market,

e Withdrawal from the IBMA field, switching to other meat alternatives or alternative protein
options without insects,

e Lobbying for regulatory change regarding insect feed use and quality requirements for insect
by-products.

These legitimacy challenges led to the following policy activities:

e Support of IBMA R&D, support of research of consumer acceptance,
e Advocate for the approval of innovations such as alternative protein sources and meat substi-
tutes in the EU (SPD et al. 2021).

c™m

For CM, the following arguments are made to support its legitimacy:

e CMis communicated as "real meat", CM serves the cultural and socio-economic values as-
signed to meat.

e CMis framed as an innovative solution to solve all concerns and challenges related to live-
stock farming. CM is framed as a solution to environmental challenges in the agro-food sector
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and as a means to support the sustainability transition by reducing the need for livestock
farming.

CM assumes environmental advantages compared to livestock farming and meat, substanti-
ated by life cycle assessments (Sinke et al. 2023).

CM raises hardly any livestock welfare concerns.

CM offers a superior solution to meat from livestock from an individual health perspective
(cleaner eating, option to fortify CM with health-promoting ingredients) without any changes
of eating habits or diets.

Industry engagement in CM development is seen as innovative, offers the potential to be-
come a major player in a disruptive development, bears the potential to strengthen the com-
petitive position of leading meat companies, but with improved sustainability.

The meat industry can base the processing of cultivated meat to other products on estab-
lished skills, processes, routines, infrastructures and logistics and business relationships.

First market approvals of pioneering CM products and their commercial availability in selected
restaurants in Singapore and the USA.

The established EU regulatory framework for Novel Food applies to CM. The mandatory risk
and safety assessment will ensure the safety of CM, when authorized for placing on the mar-
ket.

The following arguments are made which pose a challenge for CM to gain legitimacy:

CM cannot be considered "real" meat due to its production process. It is artificial and unnatu-
ral, as shown by terms such as "lab meat".

CM is a highly processed product, requiring unfamiliar production processes.

The energy-intensive production process contradicts the sustainability advantages of CM
products.

CM is an inferior solution to plant-based diets with high proportions of fresh and not highly
processed components.

CM confirms and solidifies the iconic status of meat and runs counter to efforts to reduce the
importance of meat in dishes and diets and towards more plant-based diets.

CM runs counter to efforts to reduce meat consumption for health reasons, CM does not pro-
vide a bridging function to more plant-based diets.

It is uncertain whether CM will be accepted by larger consumer groups, or whether there is a
lack of willingness to eat CM due to the perceived "unnaturalness".

Ethical concerns may relate to just availability and affordability. They may be hindered in case
CM will be marketed as an exclusive luxury product.

The food and meat industry lacks the skills to develop and operate CM production processes.
Lack of positive perspectives and business models for livestock farmers and regions with a
strong livestock production sector.

Developing, scaling-up, obtaining market approval and marketing CM requires large re-
sources. The return on investment is uncertain due technological challenges in product design
and quality, the scale-up with first of its kind facilities, and uncertain consumer demand.

The requirements and procedures for risk and safety assessment of CM in the EU Novel Food
regulation are just in the process of being developed. CM-specific guidance for industry is not
yet available. No applications have been filed yet in the EU.

These legitimacy challenges led to the following industry association and firm behavior:

Foundation of CM-specific industry associations (Cellular Agriculture Europe, Global Alliance
for Advancing Cultivated Foods) to lobby for political support of CM,

Incumbents engage in CM by providing financial and material support of dedicated CM (start-
up) companies to experiment, incumbents monitor their development,
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e Providers of enabling technologies for CM diversify into the sector,
e Feasibility studies and living lab experiments to test the viability of farm-based CM production
by the Foundation Respect Farms.

These legitimacy challenges led to the following policy behavior:

e Support of CM R&D on a low level, support of research of consumer acceptance,
e Advocate for the approval of innovations such as alternative protein sources and meat substi-
tutes in the EU (SPD et al. 2021).

Conclusion

PBMA, IBMA and CM differ in the currently achieved strength of legitimacy. They show individual,
but partly overlapping profiles of factors supporting or challenging their legitimacy. From this, dif-
ferent foci result for the processes to gain legitimacy.

Bergek (2008) distinguishes three types of legitimation processes: institutional alignment, conform-
ance and creation.

Creation of legitimacy seems to be the least challenging for PBMA because there is a high level of
conformance with the food law, and with competencies, practices and infrastructures in industry.
From a consumer perspective, there is a high level of familiarity with food raw materials production
processes, and PBMA are largely in line with cultural and societal values. Therefore, PBMA have
currently achieved the highest strength of legitimation of the three meat alternatives.

The focus of the legitimation processes for IBMA and CM is institutional alignment in various areas:
in applying current EU legislation in an effective way to these novel product groups or amending
regulations; in offering positive business perspectives to industry in order to mobilize resources;
and in better understanding consumer acceptance. In the case of IBMA, the lack of consumer ac-
ceptance (legitimacy as perception) could not be overcome in recent years, so that the industry
focus has now shifted from IBMA to pet feed and livestock feed (where different challenges to
achieve legitimacy have to be mastered (Parodi et al. 2022)). From the meat alternative point of
view, IBMA currently have the lowest level of legitimacy. CM legitimacy seems to be positioned
between PBMA and IBMA.

The development of a new institutional framework (“creation”) is not (yet) relevant due to the infant
stage of the meat alternatives. It might become necessary in the future if TIS mature and e.g. hybrid
products gain importance.
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4 Interactions between the innovation systems for plant- and
insect based meat alternatives and cultivated meat

The three meat alternative TIS are not independent from each other. Rather, interactions between
them can occur. Interactions between innovation systems may have significant impacts on TIS de-
velopment: for example, they could accelerate processes of change, but could also have hampering
and conflicting effects. Hence, for concluding actions for the stakeholders of these TIS, such dy-
namics or hurdles should be considered for the food system transformation.

Transition scholarship has studied the interaction of different technologies or innovation systems
mainly with respect to competition between them, or with technologies of the energy sector as
objects of their research (Suurs et al. 2009; Sandén et al. 2011; Magnusson et al. 2018). Evidence is
accumulating that different types of interactions can be observed, and that the interaction may
change over time (Sandén et al. 2011; Bergek et al. 2015).

We analyzed the interactions between the innovation systems for PBMA, IMBA and CM, using the
six modes of interaction outlined by Sandén et al. (2011) (Table 6). We adapted their analytical
framework, which starts from a value chain perspective, to an innovation systems framework. We
then analyzed pairs of TIS with respect to their interactions. In this analysis, we identified for each
of the innovation system functions (or aspect within a function) the mode of interaction between
the two TIS. The results are given in Table 7 and Table 8. Only the results for interaction between
the PBMA and CM TIS and the PBMA and IBMA TIS are shown. This is due to our finding that only
few interactions between the CM and the IBMA TIS exist because of their early stage of develop-
ment. These interactions are the same that are already captured in the analysis of their interaction
with the PBMA TIS.

Table 6: Possible modes of interaction between two innovation systems
Mode of Innovation | Innovation o . . .
. . Characterization of interaction
interaction system 1 system 2
Competition i i Both IS inhibited because common resource is
in short supply, or market limited
Symbiosis + + Interaction of TIS is favorable for both TIS
Neutralism 0 0 No interaction, both TIS are not affected by in-
teraction
Parasitism/ One TIS benéfits, the other TIS is inhibited/neg-
- + .
predation atively affected
Commensalism 0 + One TIS benefits, the other TIS is not affected
Amensalism 0 i One TIS is negatively affected, the other TIS is
not affected

Legend: +: interaction has beneficial effect on the TIS, O: interaction has no effect on the TIS, -: interaction has negative effects
on the TIS, inhibits the TIS
Source: adapted from Sandén et al. (2011)

Our interaction analysis is a snapshot of the interactions that take place at the present stage of
development (2022), or are very likely to occur within the next three to five years. Taking a longer-
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term perspective for the analysis would have been speculative, because there are significant uncer-
tainties how each TIS will develop.

Looking at the overall picture of TIS interaction, symbiosis of all three TIS prevails under the overall
umbrella of alternative proteins. Activities of mutual benefit to the three TIS can be observed espe-
cially in these TIS functions:

¢ Knowledge generation and exchange in alternative protein networks and platforms,

e Guidance of the search by offering the common vision of a potentially more sustainable alter-
native to meat from livestock, or animal products respectively, and by attracting more actors
to the field because expectations about the future development of alternative proteins in gen-
eral are even more attractive than for one TIS alone,

e Resource mobilization e.g. by lobbying for more public R&D funding of meat alternatives or
investments into expansion of production infrastructures, and

e Creation of legitimacy by joining forces for gaining political support for meat alternatives.

In the interaction of the PBMA and the CM TIS, symbiosis also prevails. In addition to the above-
mentioned issues, symbiosis is also due to the expectation that the next generation of products in
both TIS could be hybrids of plant-based, cell-based and fermentation-based products. These hy-
brids are expected to be improved with respect to consumer satisfaction and price. These products
will result from convergence with fermentation and precision fermentation as shared enabling tech-
nologies.

Competition between the PBMA and CM TIS exists in the product concept. Both promise to deliver
a superior product for the same function (meat experience) to consumers, but differ in the way to
achieve this (plant raw material and a familiar production process (PBMA) or livestock cells and a
novel production process (CM)). At present, it is an open question whether the same or different
consumer groups will be targeted by PBMA and CM in the future (implying either competition or
neutralism). Competition also exists regarding scarce resources, especially acquisition of financial
support (e.g. public R&D funding, venture capital, investments in expansion of production infra-
structure).

At the present stage of development, some frame conditions and interaction between the PBMA
and CM TIS can be classified as parasitism or commensalism, in which PBMA benefit while CM are
inhibited or not directly affected: PBMA rely on established food production processes and infra-
structure and do not need a market authorization, and therefore are already readily available on
the market at affordable prices. By contrast, production infrastructures for large scale CM produc-
tion still have to be built up, only exclusive limited product volumes are commercially available at
selected restaurants in Singapore (and in the near future also in the US) and the development of
guidance for CM product safety assessment as prerequisite for market authorization in the EU has
only just started. This allows PBMA to establish quickly and gain market shares while for CM, these
prerequisites for market access still have to be established.

Commensalism in the opposite direction, in which CM benefits from PBMA, is due to the fact that
PBMA can be considered a pioneering product group. The lessons learnt from PBMA about markets,
consumer groups and their preferences and from entrepreneurial experimentation can guide strat-
egies and avoid pitfalls in CM development.

At present, it cannot be decided whether competition, neutralism or parasitism/predation will be-
come the dominant interaction between PBMA and CM: it is possible, that PBMA will serve as bridg-
ing products to CM, so that they will be replaced by CM in the future. It is also possible that PBMA
will serve as bridging products to a plant-based diet, making CM obsolete. And it is possible that
hybrid products will thrive and replace PBMA and CM (parasitism/predation), or coexist with PBMA
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and CM (commensalism), or will coexist with either PBMA or CM, and inhibit the other option
(amensalism).

. . .
Table 7: Interaction of the PBMA and CM innovation systems
Type of interaction
= =
g oy oy g E g g
3 E = s ] £ =
E Overlaps, description of interaction E a E = -E_“ E
a i | 2 £ i g g
£ £ E] = £ g
3 & 2 g £ E
£ ]
y and ige base To a large extent distinct and different knowledge and technology X
Precision fermentation and fermentation as enabling technology for M
& both IS
g Food processing technology and knowhow relevant for both 1S X
E' E R&D actors and R&D activities To a large extent distinct and different R&D actors and activities X
£y R&D needs/chall Improvement of product characteristics, development of hybrid X
% E public R&D funding public R&D funding (lobbying for alternative protein funding) X
= public R&D funding [acquisition of alternative protein funding) X
g L Learning about markets PBMA as pioneering products, CM as followers X [CM +)
E Learning about 5/ s |PBMA as pioneer to address new consumer group flexitarian X (CM +)
Metworks and platforms for knowledge %
and learning processs Alternative proteins networks and platforms
CM-specific networks and platforms X
5 = Common vision More sustainable alternative to livestock meat X
ﬁ z alternative proteins as (more) attractive field for engagement of %
z & about future actors (than PEMA or CM alone)
E g Coordination of efforts Promoting alternative proteins as attractive business opportunity X
Lobbying for better policy coordination X
Companies and activities To a large extent distinct and different companies active X
Food processing knowhow and equipment providers enablers for X
:E Fermentation and hybrid products X
E Technological options, product concept, <
] design, quality Product concept
s X
E PEMA as bridging product to CM (CM +, PBMA -}
E x
E PEMA as bridging product to plant-based diet {PBMA+, CM -}
Learnllng iroml entrepreneurial o _ (M )
exper PBMA as pionieering products, CM as followers
b Target group same function (meat) in a mature market ? ? ? ?
E g different target groups (flexitarians, meat consumers) ? X
= 2 |Price PBMA much more affordable than CM x
2 = ilabili ibili PBMA much better sccessible/available than CM X
Standards (e.g. labelling) Lobbying for MA supportive labelling ?(CM +)
Financial support Investment, financial support X ix)
o E public R&D funding (lobbying for alternative protein funding) X
E LE public R&D funding [acquisition of alternative protein funding) (x)
E '.E Reguired infrastructure PBMA relies on existing infrastructure, CA requires new one X
E Expansion of fermentation infrastructure (lobbying for investment) X
Expansion of fermentation infrastructure [use, supply) H
I Demand by each TIS promises to provide the superior product/function %)
k- Political support Joined forces for creation of legitimacy of meat alternatives X
g E compliance with/adaptation of
E :En regulatory framework and standards  [Referring to alternative proteins as commeon and larger goal ks
=] Market authorisation not required for PBMA, Novel Food X [PEMA +)
authorisation required for CM

Source: Fraunhofer ISI

In the interaction of innovation systems of PBMA and IBMA, the predation mode prevails in which
PBMA benefit, whereas IBMA are inhibited. This is due to the fact that entrepreneurial experimen-
tation with IBMA was not successful, mainly for four reasons: lack of added functionality of insect
proteins compared to plant proteins, consumers' disgust and neophobia regarding IBMA, require-
ment of new production infrastructure for rearing insects, and requirement of a market authoriza-
tion as Novel Food in the EU. As a consequence of IBMA as inferior solution compared to PBMA,
insect proteins no longer target the meat alternative market, but the protein supplement market
(IB food). In this segment, insect protein food products benefit from experience gained with PBMA
(commensalism).

Another consequence of IBMA as inferior solution compared to PBMA is that insect proteins now
predominantly target the pet food and livestock feed market. If in the future costs of insect proteins
as livestock feed were reduced and their positive effects on livestock production, health and welfare
increased, insect proteins on the one hand could make livestock production less unsustainable, but
at the same time could stabilize livestock production and meat consumption. This may negatively
affect both PBMA and CM (parasitism/predation).
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Table 8: Interaction of the PBMA and IBMA innovation systems

Type of interaction
3 -
5 S|z |8 5 g g
2 = z s = E =
= Overlaps, description of interaction 2 a E H 2 E
2 £ ] e = 2 =
@ 2 - E g i g
g E 5 z £ i
8 & 2 = E E
g 8
£
y and ige base To a large extent distinct and different knowledge and technology X
Food processing technology and knowhow relevant for both IS X x [PBMA +)
R&D actors and R&D activities To a large extent distinct and different R&D actors and activities X
R&D needs/ Improvement of MA characteristics (x) X (PBMA +)
; Improvement of 1B non-meat food products X (1B food +)
E Improvement of 1B feed products ?X (1B feed +) X (1B feed +)
X public R&D funding public R&D funding (lobbying for alternative protein funding) X
public R&D funding {acguisition of alternative protein funding) X
Learning about markets PBMA as pioneering products, IBMA as inferior solution X (PBMA +)
PBMA as pioneering products, 1B non-meat food products X (1B food +)
' Learning about i PBMA as pioneer to address new consumer group flexitarian X [PEMA +)
IB food to address consumers of protein supplements x (1B food +)
Netwaorks and p\atﬂ".irms for knowledge _ _ X (1B food +)
and learning processe: Alternative proteins networks and platforms
IB protein/IB feed-specific networks and platforms X [iB food/feed +)
Commaon vision IBMA and PBMA more sustainable alternative to livestock meat x
o '; IB feed as more sustainable option for livestock production x (1B feed <)
E g alternative proteins as (more) attractive field for engagement of
E % E about future actors (than PEMA or IBMA alone) %
Ll s Coordination of efforts Promoting alternative proteins as attractive business opportunity X
Lobbying for better policy coordination X
Companies and activities To a large extent distinct and different companies active X
:E Food processing knowhow and eguipment providers enablers for X
g Feed producers and livestock producers ? 1B feed +, PBMA -
f_. Tec!ﬂnulugm?l options, product concept, - X [PEMA )
= design, quality IBMA Product concept
I E IB feed product concept ? 1B feed + % (1B feed +)
E‘ Learnilng Iroml entrepreneurial _ ) X (PBMA=)
= Exper PBMA as pioneering products, IBMA as followers
IB food and IB feed products % (1B food/feed +)
Target group same function {meat) in a mature market X (PBMA +) ? ?
- different target groups (PBMA: flexitarians, IB food: protein
% i supplement consumers) "
g Price PBMA more affordable than IBMA x [PBMA +)
* ilabili ibili PBMA better accessible/available than IBMA X [PEMA +)
Standards (e.g. labelling) Requirement for labelling IB protein ingredients X (PBMA +)
Financial support Investment, financial support X
o public R&D funding (lobbying for alternative protein funding) X
E | public R&D funding [acquisition of alternative protein funding) X
o Required infrastructure PBMA relies on existing infrastructure, IBMA requires partly new one X [PBMA +)
=2 Expansion of required infrastructure (lobbying for investment) X
Expansion of required infrastructure [use, supply) % (1B food/feed+)
Demand by each TIS promises to provide the superior product/function X [PEMA +)
= Political support Joined forces for creation of legitimacy of meat alternatives X ? ?
'E ; compliance with/adaptation of "
s 3 regulatory framework and standards  |Referring to alternative proteins as common and larger goal
s Market_aut_harlsatl?n not required for PBMA, Novel Food X [PBMA )
authorisation required for IBMA

Source: Fraunhofer ISI

From this analysis, the following conclusions can be drawn: Which interaction modes can be iden-
tified depends on the resolution of the observation - a more differentiated pattern can be observed
if interactions of innovation system functions are analyzed in detail, compared to interactions of
whole innovation systems. We could identify all six interaction modes in our analysis. Symbiosis and
parasitism/predation were the most prevalent ones, followed by competition.

All in all, interaction of the TIS was modest, due to the differences in maturity and technology-
specific challenges that have to be addressed. Nevertheless, all three TIS are still niches struggling
to establish and grow. It is therefore not astonishing that symbiosis, i.e. joining forces, can be ob-
served in system building functions under the umbrella of alternative proteins, especially in creation
of legitimacy, guidance of the search, resource mobilization as well as knowledge generation and
exchange. Competition was mainly for financial resources, because market competition is not yet
relevant, with nearly only PBMA commercially available.

Our analysis is only a snapshot of TIS interaction during a short time period. It can be assumed that
the interaction modes will change with time, as the innovation systems mature and grow, as feed-
back loops between them show effect, or in response to changing exogenous factors/forces.

Should innovation policy aim to further develop all three TIS to support their co-existence, a strong
support on the functions with synergies as well as in particular a differentiated support to market
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formation would be crucial. Moreover, policy considerations should take (desired, unintended) in-
teractions and feedback loops between the TIS into account.
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5 Characterization of the livestock and meat sector

While the prior sections have focused on the development of innovations, successful sustainability
transformations usually also require exnovation processes. The term exnovation is often used in
sustainability literature as a counterpart to the term innovation (Antes et al. 2012; Arnold et al. 2015;
Clausen et al. 2016; Hermwille 2017; Paech 2006). It is understood as the purposive and explicit
phasing out or modification of unsustainable systems,?* including “existing (infra)structures, tech-
nologies, products and practices” (Heyen et al. 2017, p. 326) as well as associated or stabilizing
policies and other governance mechanisms. In some cases, entire industry sectors can be phased
out, such as the use of brown coal for energy generation in Germany. In the case of the meat and
livestock industry, the transformation is likely to involve only a partial exnovation, leading to a sig-
nificant reduction in sector emissions and industrial livestock farming, but not to a complete elim-
ination of the industry as a whole. Considerations of exnovation processes alongside innovation are
essential, because while politics and classical transformation research often deal with the emer-
gence of innovations (Antes et al. 2012; Heyen 2016), a more systemic view must not neglect what
happens to the incumbent (non-sustainable) systems that existed before.

Due to various parameters (techno-economic factors, economic interests, political framework con-
ditions), such incumbent regimes are usually subject to particular stability (Zundel et al. 2005). For
example, the active or passive resistance of central actors who see their raison d'étre threatened by
the emergence of innovations often inhibits change and transition (Kahlenborn et al. 2013). Such
resistance can arise towards innovations such as new products, practices or regulations (Turnheim
et al. 2013) and occurs particularly when the new, more sustainable system does not include an
obvious role for incumbents (GrieBhammer et al. 2015). Geels (2014) differentiates four different
types of power and resistance:

e Instrumental: using resources (such as financial & human resources, power, skills) “in imme-
diate interactions with other actors” to further one’s own goals and interests (Geels 2014, p.
28);

e Discursive: shaping the narrative of which issues are being discussed and how (i.e. agenda-
setting); this can include spreading doubt with regard to the necessity, feasibility or usefulness
of a transition or innovation, or exaggerating its costs (Heyen 2016);

e Material: using technical know-how and financial resources to incrementally improve the sta-
tus of the existing socio-technical regime, while seeking to avoid more radical changes;

e Institutional: making use of incumbents’ embedded position in “political cultures, ideology
and governance structures [through which] the government privileges powerful regime actors
with more capabilities, financial resources and established market positions” (Geels 2014, p.
34).

On the one hand, these dynamics are problematic because they can prevent or significantly com-
plicate transformation. On the other hand, if possible negative socio-economic consequences and
their moderation are not considered early on, a sustainability transformation can in turn lead to
unsustainable consequences (Heyen 2016).

Work package 5 of the TRADINNOVATION project therefore focused on characterizing the tradi-
tional meat and livestock industry in Germany, including the identification of factors that stabilize
the system in forms of path dependencies and an analysis of its past strategies of resistance. The

24 Like Heyen (2016), our focus is on politically(and more specifically sustainability-)-motivated exnovation, i.e. exnovation that is politically forced
or at least politically intended. We do not cover exnovation that takes place more “naturally” due simply to technological changes and/or a
change in consumer demand or other market changes.
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following results were obtained using desk-research and discourse analysis. Various data sources,
such as statistical data, media reports and scientific publications, were used for this purpose. This

chapter includes excerpts from two manuscripts, one of which has been submitted to the journal

GAIA. The second manuscript is currently in preparation for journal submission (more information
in chapter 8).

In the first step, the sector was characterized by its stakeholders, relevant path dependencies and
important, past innovations. Subsequently, the resistance was examined on the basis of five differ-
ent transitions. The current drivers from the social and economic environment were presented in
the last section of the chapter.

Figure 2 shows all stakeholders in the sector along the value chain to the end customer.

Figure 2: Stakeholder groups in the livestock and meat sector
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Source: adapted from Diitschke et al. (2019)

Current framework conditions of the sector are a strong densification in the last decades. The num-
ber of livestock farms has decreased sharply during this time, while the number of animals kept has
stagnated or even increased over the same period (Destatis 2017). Meat-processing artisanal farms
are becoming fewer and fewer, while large mass slaughterhouses are dividing up the market and
changing business models by cooperating with discounters. At the same time, they receive conces-
sions on fees for meat inspection. They can also benefit from export subsidies and government
funding for additional processing capacity, as well as tax relief. Due to their economic importance
for the regions or federal states in which they are located, meat companies are also able to exert
political influence (Mlnchhausen et al. 2019). This creates a political or economic path dependency.
Another path dependency arises in this sector primarily through pricing. Due to the market power
of large corporations, they can drive competitors out of the market with low-price offers and exert
political influence, especially on regional decisions (Miinchhausen et al. 2019). The most important
technological path dependency concerns the breeding animals themselves, which have been bred
over decades in such a way that they can be kept as efficiently as possible economically and slaugh-
tered with high yields (Clausen et al. 2017). Path dependencies in infrastructure are present due to
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the regional centering of meat companies, as well as the large number of industrial fattening op-
erations with corresponding barns/cages and industrial-scale slaughterhouses.

Innovation activities within the sector are lower than in other industries (Stockmeyer 2001). In the
last twenty years, this can be illustrated primarily by the two major novel food trends, genetically
modified food and functional food, neither of which, however, has generated any product or pro-
cess innovation in the sector. Despite public pressure to adapt operational processes to animal
welfare, no innovations have been established here either.

The sector is characterized by resistance strategies that severely delay innovation efforts. Discursive
or material resistance strategies are often chosen. These strategies were explained using five dif-
ferent examples. These include the phase-out of anesthesia-free piglet castration (started in 2008,
animal protection law in 2021), cage size for laying hens (started in 1999, regulation from
2025/2028), recording of the area-wide, preventive use of antibiotics (started in 2011, new reporting
obligation in 2023), determination of maximum residue levels of hormones in meat (law since 2009;
however, media coverage repeatedly relativizing the use of hormonal pharmaceuticals and strong
resistance to the publication of contrary (scientific) results), cross-border animal transport (amend-
ment of the Animal Welfare Transport Ordinance in 2021, but development of a separate strategy
(Animal Welfare Standard Transport (TSW-T) by the sector).

The sector is economically driven by a strong export orientation. Another characteristic of the sector
is the strong formation of monopolies, which have resulted from numerous corporate mergers in
the context of pricing policy (Spiller et al. 2008) The sector is predominantly production-oriented
and is characterized by low market and consumer proximity (Spiller et al. 2008). Neither societal
and political empowerment nor readiness for transformative approaches exist in Germany, so as-
sociation and lobbying work can be defined as key driver of the sector. The "Commission on the
Future of Agriculture" (Zukunftskommission Landwirtschaft) has set new impulses at the political
level with its report (ZKL 2021). It remains questionable to what extent the proposals will be applied
in the coming years.

The social driver in the context of meat consumption is the ever-increasing availability and con-
sumption of products of the meat industry. Meat is not a luxury good, but a daily commodity. The
current low prices, triggered by the high competition or price pressure as a driver, contribute to
this to a very large extent (Buschmann et al. 2013). Numerous civil society protest actions and meat
scandals in recent decades have not had an impact on consumer behavior either - but after a brief
outrage, consumption is not fundamentally questioned as a result (Eyerund 2015). Transformative
approaches within society have so far had no demonstrable effects on meat consumption in Ger-
many (Eyerund 2015). Thus, although many people are aware of the conditions of animal husbandry,
personal norms or habits prevent a change in behavior (Quack 2016; Voget-Kleschin et al. 2014).

To sum up, the results of this work package show that the sector is 1. dominated by strong monop-
oly companies that replace small butchers, 2. represented by strong lobbying, 3. successfully resists
innovation, choosing mainly discursive resistance strategies. The sector is also characterized by 4.
strong export orientation and 5. high price pressure. 6. There are hardly any social drivers that exert
an effective influence on the discourse, although the low animal welfare standards are very well
known.
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6 Interactions between the livestock and meat sector and the
meat alternatives innovation systems

Based on the more backwards-looking characterization of the meat and livestock industry (chapter
5), we now focus more on future developments, assessing the reactions and resistance strategies
employed by the incumbent industry with a view to the meat alternatives innovation systems dis-
cussed in chapters 3 and 4. The discourse analyses in chapter 5 focusing on prior changes in animal
husbandry and meat production (e.g. anesthesia-free piglet castration, ban on battery cages for
laying hens) showed quite clearly the open resistance of the incumbent meat industry to change.
Most often this resistance was discursive, employing strategies that included sowing doubts about
the necessity or effectiveness of a change, exaggerating its costs — either directly or in terms of
international economic competition — and conveying that incremental solutions are being worked
on and there is no need for further regulatory actions. In some cases, lobbying associations also
threatened legal recourses, which they acted on in some instances, thus delaying or preventing
unwanted legislation. In this section, we therefore began by examining the reactions of the tradi-
tional incumbent meat industry towards innovative meat alternatives”.

Beginning in the mid-2000s, plant-based meat alternatives began to have some success in agenda-
setting at a broader socio-political level in Germany, for example when the German government
acknowledged the role of agriculture and more specifically livestock farming in generating signifi-
cant COz-emissions (Deutscher Bundestag 2007). As public attention to the issue rose, so did re-
sistance to change from the traditional meat sector. In 2009, the German farmers’ association (DBV),
one of the most powerful lobbying associations in German agricultural debates, declared its vested
interest in stringent climate protection policies as a directly impacted stakeholder. In the same pub-
lication, however, it argued that foregoing certain food products (i.e. meat) “is not very effective in
terms of climate protection” and that consumers should instead choose regional and seasonal
products.?® Cattle farming is framed by the DBV as making a valuable contribution to landscape
management and nature conservation, while converting otherwise unusable grass into protein (DBV
2009). In a 2013 press release, the DBV declared meat to be a part of a “wholesome and healthy
diet” that should be consumable without a guilty conscience (DBV 2013). This framing is further
upheld by TV commercials for meat products from the early 2000s, in which they are presented as
necessary for strength, health and fitness and associated with traditional masculinity (Trummer
2014).

Research on and discussion of climate change have strongly increased in the 215 century, including
a specific focus on the role of meat consumption (Engelhardt et al. 2020; Haack et al. 2020; Schrode
et al. 2019; Wunder 2019), as well as state-funded R&D projects for the advancement of plant- and
insect-based meat alternatives (chapter 3.5). Additionally, the German government appointed a
large multi-stakeholder commission (Zukunftskommission Landwirtschaft) in 2019 to develop rec-
ommendations for a sustainability transformation of the agricultural system. The unilateral report
was seen as surprisingly progressive and included recommendations for a primarily “plant-oriented”
diet and a reduction in the consumption of animal products (ZKL 2021, p. 61). At the same time,
the European Commission published its Farm to Fork Strategy in the context of the Green Deal,
which likewise aims to develop a sustainable food system (European Commission 2020).

% This chapter includes excerpts from two manuscripts, one of which has been submitted to the journal GAIA. The second manuscript is currently
in preparation for journal submission (more information in chapter 8.

% own translation
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Against this background, the struggle for discourse leadership has intensified in recent years. The
arguments from the niche for a vegetarian or vegan diet have become increasingly diversified over
time, including combatting climate change (Heinrich-Boll-Stiftung et al. 2021) and other ecological
issues, such as land use, eutrophication and water consumption (Haack et al. 2020), health benefits
(Jetzke et al. 2019), animal welfare, and the security of the world’s food supply for a growing pop-
ulation (forsa 2021). Taken together, these factors resulted in the development of the EAT-Lancet
Commission Planetary Health Diet (Willett et al. 2019). Overall, this has led to an increased amount
of resonance in the general population: Surveys show that by 2021, 10% of Germans followed a
vegetarian and 2% a vegan diet (forsa 2021). In 2019, customers already had 60 different brands
from 52 companies to choose from for meat alternative products (Jetzke et al. 2019, p. 27). Some
of the major players producing meat alternatives are early mover incumbents originally from the
traditional meat sector, such as Rigenwalder Muhle, whose turnover with plant-based meat alter-
natives exceeded classical meat products in 2020, and the PHW-Gruppe, a partner of Beyond Meat
(Heinrich-Boll-Stiftung et al. 2021). Discounters like Lidl and Aldi as well as food-giants such as
Tyson (Raised & Rooted) and Nestlé (Garden Gourmet) have launched their own vegetarian/vegan
brands (Heinrich-Boll-Stiftung et al. 2021; Scherbaum 2020). This is an early indicator that some
parts of the regime are positioning themselves for an upcoming transformation of the sector.

Other incumbents instead respond to these developments with an increase in resistance. The nar-
ratives from the traditional meat industry have evolved over time. At first, it downplayed the prob-
lem by denying the contribution of livestock farming to climate change, while in parallel promoting
meat through cultural messaging. With the increasing relevance of vegetarianism and other meat
alternatives, the narratives became more offensive, more openly attacking meat alternatives. Con-
fronted with a reduction in demand for its own products, the German Butchers’ Association (DFV)
responded in 2019: "Meat substitutes were again unable to benefit from weakening demand for
meat and meat products in 2018. Purchased volumes were close to last year's levels, falling nearly
9 percent short of 2016 purchase volumes." It further argues that no development, such as “time-
limited consumption trends like the hype around meat substitute products [... will] cause lasting
damage to the [meat] sales market”?’ (DFV 2019, p. 87). The same document, however, also
acknowledges that meat consumption is expected to decrease in the coming years due to an in-
creasing consumer awareness regarding health, animal welfare and environmental concerns.

With steadily rising pressure on its incumbent status, the traditional meat industry launched multi-
ple regulatory attempts to forbid marketing of meat substitutes with meat-related food terminol-
ogy, both in Germany and at EU level, which have so far failed to achieve this desired result (DBV
2020; DFV 2016; FAZ 2020; Thimler 2016). In 2017, the EU Court of Justice ruled that “purely plant-
based products cannot, in principle, be marketed with designations such as ‘milk’, ‘cream’, ‘butter’,
‘cheese’ or 'yoghurt’, which are reserved by EU law for animal products” (EU Court of Justice 2017,
p. 1). However, the situation is more ambiguous for meat alternatives: The German food code was
changed in 2018 to prohibit the use of designations of special grown meat cuts (e.g. filet’ or ‘steak’)
as well as specific sliced meats like ‘schnitzel’ or ‘beef tenderloin’ for meatless products. However,
these terms may be used if meatless products are sufficiently similar to the animal product in their
sensory characteristics and are explicitly labelled as vegetarian or vegan, e.g. 'vegan seitan goulash
(Deutsche Lebensmittelbuch-Kommission 2018). This ruling was met with criticism by consumer
and vegetarian/vegan associations, who argued that it is so complicated and unclear that it sur-
passes consumers’ understanding. A revision process was started in 2020, which finally reached
consensus on a draft version in early 2023 and is now subject to public consultation (Deutsche
Lebensmittelbuch-Kommission 2023).

7 own translation
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Outside the court room, the German Farmers’' Association (DBV) publicly supported the EU-wide
image and marketing campaign “Ceci n'est pas un steak” to lobby against the use of traditional
meat-related designations for vegetarian or vegan alternatives (DBV 2020).

How much the public discourse has changed in just one or two decades is illustrated by two par-
ticular examples: a national ex-soccer-star published an opinion piece in the conservative German
magazine Focus in 2021 titled “Real men eat plants” (Hildebrand 2021), while a politician of the
conservative CDU party argued in 2019 that “cheap meat is immoral” and that the preservation of
God's creation concerns us all (Gerig 2019).

As can be surmised from the summary above, the resistance of the traditional meat and livestock
farming sector to meat alternatives is not as unified and as clear-cut as it was with regard to earlier
changes in animal husbandry. Like in other traditional sectors, some incumbents in the meat sector
have realized by now that climate and other ecological changes will force their industry to make
adjustments in the future and have begun to invest at least some amount into building up alterna-
tive structures. This is especially the case for the pioneer Riigenwalder Miihle, but also for the four
largest meat industry companies (Ténnies, Vion Food Germany, Westfleisch and PHW-Group) and
actors in the meat processing sector, who are most likely to be able to incorporate plant-based
meat alternatives into their operations. Livestock farmers and slaughterhouses, on the other hand,
are more likely to show significant resistance to change, as their businesses cannot simply be con-
verted to work with plant-based alternatives. These are the actors who are most likely to be “losers”
in the transformation process, as there are to date few future-proof ideas for business models avail-
able to them. Alternatives that are being discussed (e.g. activities by the foundation "Respect
Farms") are too often still vague or not considered to be economically viable.

So far, descriptions of incumbent reactions and resistance have mostly been qualitative. We there-
fore developed a quantitative survey approach for measuring incumbents’ degree and types of
resistance in exnovation processes. These were then correlated to incumbents’ affectedness, i.e.
degree of personal relevance and emotional attitude associated with each innovation.?® The survey
was conducted between February and April 2022 using a scenario technique approach that pre-
sented respondents with five different scenarios, made up of three innovation scenarios (insect-
based meat alternatives, plant-based meat alternatives and cultivated meat) and two baseline sce-
narios (organic livestock farming and conventional livestock farming) in randomized order. Three
response categories were formed for the assessment of the scenarios: Assessment of the relevance
of the scenario (relevance), emotional attitude, and resistance and type of resistance. The general
critical attitude (resistance) was surveyed with the item "I am critical of this scenario” (see Table 9).
The types of resistance (instrumental, discursive, material, legal) were formed as response catego-
ries in accordance with the descriptions by Geels (2014) and Heyen (2016). The two items on emo-
tional attitude were taken from a questionnaire on openness to change (Barghorn 2011). The items
of the relevance scale were newly formed.

28 Details of the methodology and discussion of the results have been documented in the manuscript “How does resistance arise in exnovation?
Measuring personal relevance, emotional attitude and resistance using the example of the German meat industry”, submitted for publication
(see also chapter 8.3).
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Table 9: Overview of the scale and items used in the survey to measure incumbents’
resistance to meat alternatives
Emotional . .
Relevance . Resistance and type of resistance
attitude
This scenario is relevant to | am enthusias- | | am critical of this scenario (general critical atti-
my workplace or organiza- tic about this tude)
tion scenario
| think this scenario has great | This scenario The conventional agricultural and meat industry is
potential for consumers and | worries me independent of this scenario based on its own re-
there is demand for it sources and market. It can pursue its strategies in-
dependently (instrumental)
| think that this scenario has This scenario does not play a role in the current
great potential for the devel- discussion within agriculture and the meat indus-
opment of agriculture and try or on their markets, because there are more
the meat industry in Ger- important issues (discursive)
many
| think that this scenario is This scenario does not play a role in the current
necessary from a political discussion within agriculture and the meat indus-
point of view try or on their markets, because other technical or
material options are being pursued to prepare the
sector for the future (material)
| think that it is highly likely Current laws and standards do not permit the im-
that this scenario could oc- plementation of such a scenario (legal/institu-
cur tional)

Source: Fraunhofer ISI

To recruit participants, a total of 94 representatives from 13 industry associations, 8 chambers of
agriculture, 25 subdivisions of the network “Fokus Tierwohl” (“Focus Animal Welfare”), and 23 com-
panies from the meat production, food retail, and system catering sectors in Germany were con-
tacted by e-mail. Representatives of associations, chambers of agriculture and the Fokus Tierwohl
network were asked to invite their members to participate in the survey by e-mail; company repre-
sentatives were asked directly to participate. A total of 8 associations, two chambers of agriculture,
the Fokus Tierwohl network and one company each from the meat production and food retail sec-
tors agreed to participate. 58 people completed the questionnaire in full (N = 58).

The results confirmed that there are different types of resistance in the context of exnovation in the
traditional meat sector. Instrumental resistance scored the highest, while legal resistance strategies
scored the lowest, averaged across all scenarios. With regard to the individual scenarios, insect-
based meat alternatives generated the highest degree of resistance, followed by cultivated meat.
The resistance to plant-based meat alternatives as well as conventional livestock farming was the
lowest. In terms of predictors for resistance, our results showed that the assessment of relevance
(Figure 3) has a significant influence on resistance in the insect-based and cultivated meat scenarios.
Emotional attitudes, on the other hand, had no measurable predictive influence on resistance in our
study. Possible explanations for this somewhat surprising finding include methodological issues or
the fact that we did not examine consumer acceptance of certain types of food, but instead pre-
sented members of the meat supply chain with differing future scenarios of the market for proteins.
This more business-oriented approach may explain why emotional attitudes played less of a role in
our study.
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Figure 3: Estimated relevance of each scenario

Note: n = 58, mean values
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Source: Fraunhofer S|

Given the strong resistance of the traditional meat industry to prior transitions, as well as its strong
political lobby, our hypothesis at the beginning of the project was that interactions between emerg-
ing meat alternative niches and incumbent actors from the livestock and meat regime would be
dominated by resistance strategies. Our analysis showed, however, that while resistance exists —
especially to the more novel innovations of insect-based meat alternatives and cultivated meat — it
is less pronounced than we had anticipated. Moreover, the livestock and meat sector does not act
as a uniform player in relation to meat alternatives. Rather, differentiations must be made between
different actor groups and actors: there are early-mover incumbents, who have to some degree
begun to get involved in the production of meat alternatives, while still retaining their focus on
traditional meat products. There are also actors who see a transformation to meat alternatives as
an opportunity, such as artisanal butchers, who seek to extend their craft to meat alternatives and
view this as a unique selling point for their business (Deutscher Fleischer-Verband e.V. 2022). But
there are also, as expected, those actors who do not see a viable future for themselves within a
transformed system and therefore fight any and all changes for as long as possible.

Interactions of the livestock and meat sector with the PBMA innovation system

As outlined above, a significant share of incumbent livestock and meat sector players see (plant-
based) meat alternatives as one means to respond - at least in part - to the multitude of landscape
pressures they face.

By engaging at least in PBMA, they can position themselves as actively striving for reducing their
environmental footprint. The threshold to engage in PBMA is rather low, as the largest required
change is the exchange of the raw material meat by plant protein and the respective suppliers.
Moreover, adaptation of recipes is required, but established production process lines and equip-
ment as well as process knowhow can be used for manufacturing PBMA. The PBMA products can
then be distributed via established logistics and existing B2B relationships with retail. From the MA
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TIS perspective, making use of this existing incumbents' system is an essential requirement for a
rapid upscaling of meat alternatives production and gaining larger market shares. This is a symbiotic
interaction, a win-win situation for both the PBMA niche as well as the part of the regime which is
involved in meat processing and can be considered as "harvesting the low-hanging fruits" in the
meat alternative field. Presently, it is not known to which extent the expected increasing commercial
success of PBMA will pose a challenge to the dominant business model of the livestock and meat
sector as a whole, or whether expected decreases in domestic meat and meat product consumption
(due to increased PBMA consumption) would be compensated by increased meat exports. Should
the dominant business model be challenged, potential losers would be livestock production and
slaughtering incumbents for whom hardly any positive perspective has been developed for this
scenario up to now.

The analysis of the PBMA innovation system showed that incumbents' production infrastructure is
a necessary, but not sufficient prerequisite to increasing market volumes and shares of PBMAs in
the nearer future. Rather, in addition, substantial innovation is required in raw material optimization,
production processes and products regarding taste, texture, nutritional quality, and price. Activities
are ongoing to address these challenges by making use of fermentation and precision fermentation,
and by creating hybrid products of PBMA and CM (chapters 3, 4).

Interactions of the livestock and meat sector with the CM innovation system

Several incumbent actors of the livestock and meat sector actively engage in CM and are thus al-
ready involved in the cellular agriculture community and related developments. Incumbents who
choose to focus on conventional PBMA might lose their interest in MA, should their conventional
PBMA be outcompeted in the market by improved hybrid MA products in the future.

However, it is uncertain whether cellular agriculture will succeed in delivering superior meat alter-
natives or cultivated meat at large scale. It is also possible that other types of innovative food prod-
ucts from alternative proteins (e.g. dairy, fish) will become the focus of cellular agriculture. The latter
may not necessarily be in the strategic interest and business model of livestock and meat industry
players. Against this background, it remains to be seen to which extent more incumbents of the
livestock and meat sector will engage actively in this nascent development and shape and develop
it further.

Should CM become commercially successful and deliver significant amounts of cultivated meat in
the future, this bears the distant potential to become a disruptive innovation for the dominant
business model of the livestock and meat sector. The prevailing mainstream vision for the cultivated
meat industry are large, industrial-scale, centralized production facilities. This vision does not pro-
vide positive perspectives for livestock farmers and slaughterhouses who would be clear losers.
Against this background, the foundation Respect Farms®’, operating in the Netherlands, Germany,
Switzerland and Belgium, aims to establish a farm-based, decentralized CM production facility and
test the feasibility and viability of this non-mainstream concept in a living lab experiment. If suc-
cessful, the foundation sees the option of a farm-based CM production facility as an additional, not
alternative option to the model of central large-scale production facilities. Among the (few) sup-
porters of Respect Farms, the German PBMA-pioneering company Riigenwalder Mihle is the only
company from the livestock and meat sector. The Dutch CM companies MosaMeat and Meatable
also support the foundation.

2 https://www.respectfarms.com/
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Interaction of the livestock and meat sector with the IBMA innovation system

Only little information could be gathered in this project with respect to the interaction of the live-
stock and meat sector with the innovation system that focusses on insect-based meat alternatives.

On the one hand, only few actors actually develop and promote insect-based meat alternatives, e.g.
in the form of burgers. Rather, in the human nutrition field, the current focus is on insect protein as
an ingredient in various staple foods (e.g. bread, pasta, crackers) or as personalized nutrition for
consumer groups such as athletes, favoring high-protein food in the form of candy bars, shakes,
and snacks. These product groups are, however, outside the core business of companies from the
livestock and meat sector.

Around 2019/2020, entrepreneurial experimentation brought insect-based burger patties to end-
consumers. They were offered by the restaurant chain Hans im Gliick as "Ubermorgen-Burger" and
on sale by various supermarkets, such as Tegut. Due to a lack of consumer demand, difficulties to
supply permanently sufficient amounts of insect protein, and a lack of advantages of insect proteins
compared to plant proteins, these experiments have ended (Schattauer 2023). Bugs International
GmbH, one of the few German companies which produced food insects, has lost interest in the
food market, due to lack of demand®. Currently, there are no indications that this situation would
change soon, although six Novel Food products with insect proteins as food or food ingredient
have been granted market authorization by the European Commission.

To our knowledge, the German PHW group in 2018 made an undisclosed strategic investment in
Bugfoundation®', the start-up company which provided the insect burger to Hans im Gliick. In
9/2021, Bugfoundation was acquired by the meat company Kupfer Innovative Food GmbH & Co.
KG, Heilsbronn. No more detailed information is available. Processing equipment and solutions
providers to the food industry in general and also the meat industry, such as the GEA group, offer
their knowhow and services to customers in the alternative protein business, among them also
insect producers/processors.

Although the use of farmed insects as animal feed was not the focus of this project, this option is
much more attractive for players in the livestock and meat sector than using insect proteins for
food and especially meat alternatives. This is reflected by private investments of more than 1 bn €
into insects as feed, compared to appr. 0.5 bn € into insects for food. Processed animal protein from
farmed insects bears the potential to replace to a certain extent protein-rich feed ingredients that
negatively impact climate, land use and biodiversity, such as soybean and fishmeal. If the insects
are grown on organic residual streams (e.g. agrofood byproducts, food losses, waste), replacing
fishmeal or soybean could contribute to more sustainable and circular livestock production, and
may have additional beneficial effects on livestock health (Parodi et al. 2022; van Huis et al. 2023).
In the EU, processed animal proteins derived from insects may be added to aquaculture feed since
2017, and to poultry and pig feed since 2021. Using insect proteins as feed ingredient is a strategy
for feed and livestock producers to reduce the environmental footprint per unit meat produced and
thus reacting to landscape pressure to make their business less unsustainable. However, this strat-
egy aims at stabilizing or even expanding the existing livestock and meat sector and the practices
of mass livestock production, and does not contribute to a transition to less meat consumption and
more plant-based diets. From this perspective, it may also be classified as a material resistance
strategy which aims at an incremental improvement of the environmental footprint of livestock
production with the potential to delay more radical changes.

30 https://www.bugs-international.com/index.html

31 https://www.just-food.com/news/germanys-phw-gruppe-makes-investment-in-insect-burger-start-up-bugfoundation/; September 27, 2018

Fraunhofer ISI | 39



Abschlussbericht TRADINNOVATION Forderkennzeichen 031B0783

7 Conclusions, options for action and recommendations

Recommendation for sustainability transition research

This study focused on innovation systems for selected meat alternatives in Germany. Despite this
comparably narrow focus of the project, the topic proved to be a very fruitful, yet under-researched
study object for transition research. One the one hand, more research is needed due to the high
need and urgency for sustainability transitions in the agro-food sector. On the other hand, the topic
is cutting across many policy fields, ranging from agro-food, nutrition, environment to innovation
and economic affairs. A deeper understanding of the innovation systems, their dynamics and inter-
actions would provide a sound knowledge base for improving the functioning of the innovation
systems and designing appropriate policy mixes. We therefore recommend to pursue studies on
this topic further. Additional opportunities also arise for other animal-derived product groups than
meat. We therefore suggest to also broaden the scope beyond meat alternatives to alternative
proteins, to widen the geographical scope and analyze the dynamic development over time. In
addition to the innovation systems approach chosen in this project, other well-established frame-
works, closely related to socio-technical transitions, could be applied fruitfully in future studies,
such as Multi Level Perspective, Strategic Niche Management, Transitions Management and Gov-
ernance, Systems Theory, Social Network Analysis, or Social Practices Approach.

Recommendation for a comprehensive strategy for alternative proteins

In the past, innovation system building for meat alternatives was to a large extent driven by actors
in the private sector. They were successful in moving the field quickly from a precompetitive to a
competitive status and commercialize first products. This bears, however, the risk that building the
innovation systems is biased towards company interests and commercialization whereas policy
goals beyond the interests and resources of companies may not be exploited sufficiently. Examples
for such goals are high nutritional quality and a minimized environmental footprint of meat alter-
natives, integration of meat alternatives into food environments which foster sustainable eating
habits, and reducing the extent of livestock farming. Up to now, the level of activities of guidance
of the search and of creation of legitimacy within and by policy has, however, been low. We see this
as a weakness of the meat alternative innovation systems. Therefore, policy should improve these
functions to provide direction for the development of the innovation systems. In the following par-
agraphs, we provide options how this could be achieved.

In the short term, there is a need to agree on the role of meat alternatives within nutrition policy.
The German Federal Government’s Food and Nutrition Strategy is in the process of being finalized
by the end of 2023. The concept paper (BMEL 2022) highlights the goal of a reduced meat con-
sumption and favors a plant-based diet, but seems to disfavor meat alternatives. But meat alterna-
tives offer the potential of a low threshold entry and thus first step into reduced meat consumption,
without requiring fundamental (and unrealistic) changes in dietary habits and cultural values un-
derlying meat consumption. Under appropriate frame conditions, they bear the potential to provide
a bridge towards reduced meat consumption and plant-based diets. We therefore recommend to
take meat alternatives into consideration as an additional option within activities and appropriate
food environments to incentivize and nudge citizens towards meat-reduced and more plant-based
diets.

The development of meat alternatives and their innovation systems is not only related to nutrition
policy and the national nutrition strategy. Together with alternative proteins, they also bear the
potential within a protein transition to provide solutions to challenges in agricultural, environmen-
tal, climate protection, bioeconomy and innovation policy. However, these potentials can only be
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recognized and exploited if alternative proteins or meat alternatives are not treated as a minor issue
in each of these policy fields and related strategies. Rather, their cross-cutting character requires
an own holistic policy approach which covers all relevant policy fields and aspects.

We therefore recommend to start a process to develop a comprehensive strategy for alternative
proteins. This process should be supported at the highest political level, and could perhaps result
in a mission within the sustainability transition of the agro-food sector. In this process, specific and
measureable short-, mid- and long-term goals with a clear timeline and coordinated and coherent
measures to achieve them should be elaborated. The process should lead to binding commitments
in the end, and include all relevant stakeholders.

On the one hand, this process should develop goals and support measures how to foster the de-
velopment of meat alternatives or alternative proteins respectively towards reduced meat con-
sumption, plant-based diets and a lower environmental footprint. It should also take into account
intended and unintended, synergistic and inhibitory interactions, spillovers, and feedback loops
between the meat alternative innovation systems. On the other hand, frame conditions for livestock
and meat production and the shaping of exnovation for conventional livestock farming and meat
consumption have to be addressed at the same time. Both strands have to be closely aligned and
coordinated to be effective and to avoid conflicting or contradictory incentives (e.g. as in the case
of insects as livestock feed).

In the following section, recommendations are given how to overcome current weaknesses in the
innovation system for meat alternatives with the goal to foster their development. Recommenda-
tions regarding exnovation are given afterwards.

Recommendations to foster the development of meat alternatives and alternative pro-
teins

Integration of the agricultural sector

For the three innovation systems we have studied, we recommend to develop positive visions and
additional business opportunities for farmers and to strengthen the integration of agricultural ac-
tors into (regional) supply chains. The prevailing mainstream vision both for the insect as well as
cultivated meat industry are large, industrial-scale, centralized production facilities, neglecting pos-
itive perspectives for farmers. Efforts need to be made to meet their concerns and fears about loss
of production and even more new regulations in a sustainability transition.

For plant-based meat alternatives, opportunities lie in regional sourcing of pure plant varieties, such
as legumes. Their use (instead of processing imported protein crops) would support the develop-
ment of PBMA with improved taste, nutritional quality and environmental footprint. This could be
integrated into ongoing activities of the legume network LeguNet*?, funded in the context of the
BMEL protein crop strategy. These activities aim at integrating legumes into crop rotations, increas-
ing domestic production, supporting farmers in growing legumes and in the establishment of pro-
ducer groups and value chains. However, a bottleneck is the agricultural infrastructure which is
tailored to handling high volumes of major crops. For also handling niche and specialty crops such
as lentils, chickpeas or food soybeans, additional silos for smaller harvest volumes at collection sites
and agricultural trade companies and more processing facilities close to producers would be re-
quired.

Farm-based production modules for rearing insects as feed from agricultural waste streams have
been developed. However, their economic viability and integration into value and supply chains still

32 https://www.legunet.de/
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remains to be achieved. Moreover, it depends on the overall balancing of conflicting policy goals
(reducing the environmental footprint of livestock farming by circularity and valorizing agricultural
waste streams by insects vs. reducing livestock farming and meat production) to which extent, for
which purposes and in which regions insect production makes sense. Regarding cultivated meat,
positive perspectives for livestock farmers and slaughterhouses need to be developed for a just
transition within an exnovation strategy for the livestock and meat sector. One option is the ap-
proach of the foundation Respect Farms®* which tests the feasibility and viability of a farm-based,
decentralized CM production facility.

Publicly funded R&D

Our analysis of the innovation systems functions knowledge generation and diffusion showed that
public funding of meat alternatives has up to now been modest in Germany. It is based on funding
of individual projects, which are neither coordinated in larger programs nor follow a coherent strat-
egy how to develop the sector. Defining such an R&D strategy and action plan would therefore be
an important part of the policy process recommended above. Addressing R&D priorities specific
for cultivated meat and plant- or insect-based meat alternatives should be embedded into the
following, more general and cross-cutting considerations:

Publicly funded research on meat alternatives, or alternative proteins in general, should be com-
plementary to R&D efforts undertaken by the private sector. It should therefore contribute to
achieve longer-term goals. Therefore, the knowledge base should be strengthened and the tech-
nology base be broadened by application-oriented basic research. It could e.g. address the rela-
tionship between starting material properties and final product quality, and innovative or new com-
binations of technological options to improve starting materials, processes and product quality,
including the convergence with (precision) fermentation. Options to support scale-up to pilot,
demonstration and industrial scale should also be considered.

As a prerequisite to achieve health and environmental goals, publicly funded research should sup-
port the development of science- and evidence-based concepts for quality-, nutrition- and envi-
ronmental standards or regulations that alternative protein products and processes should fulfill
and comply with. It should also complement the knowledge base on which authorities responsible
for market approval rely in their assessments by research from industry/applicant-independent ac-
tors. It is expected that the next generation of meat and alternative protein products will be hybrids
which no longer fall neatly into the categories of e.g. plant-based, fermented or cultivated products,
or meat, dairy etc. As this development will challenge existing regulations and standards, research
should proactively address this aspect and foster early and open exchange between R&D, industry,
and regulatory authorities.

Publicly funded research should also develop concepts for integrating alternative proteins into food
environments, test them in living labs and assess their outcomes and impacts on the intended tran-
sition to reduced meat consumption and more sustainable diets.

Market formation, regulations and standards

Although first products of meat alternatives have reached the food market, they still are a small
niche. The intended impacts of meat alternatives can only be achieved if this niche grows signifi-
cantly. This requires the establishment and/or scale-up of production facilities and the development
of new product generations which meet consumers' expectations regarding price and taste, fol-
lowed by healthiness, sustainability and animal welfare. It should be decided in the policy process

3 https://www.respectfarms.com/
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recommended above to which extent this is to be accomplished by entrepreneurs investing into
the required production infrastructure and providing improved products, and to which extent it
should also be supported by policy. In addition to R&D support outlined above, we recommend to
consider establishing a level playing field between meat and meat alternatives with respect to value
added tax, procurement of meat alternatives e.g. in communal catering and shaping appropriate
food environments, and financial instruments to support infrastructure investments.

Market development also depends on the extent to which current regulations stimulate or hinder
the implementation of meat alternatives. Up to now, plant-based meat alternatives and insect pro-
tein-based pet food conform to a large extent with current regulations, do not need a market ap-
proval and therefore these market niches were the first to develop. Insect-based processed feed
proteins for aquaculture, poultry and pigs are expected to follow since EU legislation authorized
their use in 2017 and 2021, respectively. For cultivated meat, market authorization according to the
Novel Food regulation is required. The European authority responsible for safety assessment, EFSA,
has started an intensive exchange with international regulatory authorities as well as dialogues with
companies which intend to file an application. However, guidance for industrial applicants still has
to be developed. To do this, there is a high need for independently generated scientific evidence
for the safety assessment. These data could complement the information which is provided by in-
dustrial applicants in their dossiers, and provide the basis for a scientifically sound assessment pro-
cedure.

In addition, several standards should be adapted to generate a positive environment for meat al-
ternatives to develop and give directions towards strengthening their sustainability profile: Among
these standards are labelling requirements, currently under development by the Deutsche Lebens-
mittelbuch-Kommission, as well as defining nutritional standards for meat alternative products and
recommendations for their integration into well-balanced, sustainable diets, and environmental
standards to be met by meat alternatives and their production processes. Additional challenges for
existing regulation and standards may arise from emerging hybrid products.

We therefore recommend to address these issues in a timely manner on platforms for a permanent
exchange between R&D, companies, regulatory authorities, and organizations involved in standard
development.

Recommendations regarding exnovation in the livestock and meat sector

Unlike other exnovation processes like in the German coal industry, the goal is not to phase-out
livestock farming and meat consumption completely. Rather, it will have to be reduced to a certain
level. Defining this level and how to reach it requires a societal process of negotiation and consen-
sus-building. Relevant questions that need to be answered in this process include:

e What is the goal of this partial exnovation and which indicators will be used to measure its
success?

e Possible indicators include: the reduction of climate and environmental footprints to a
specific level; the reduction of per capita meat consumption or total production; achieve-
ment of a certain level of animal rights.

o If livestock farming continues, but with clear limits: what process is used to decide which
farmers are allowed to continue and at what scale, with which animals? This requires negotia-
tions about different understandings of just transitions.

Transformation and re-orientation of livestock farming and meat processing to more sustainable
practices require large investments from farmers and the industry. This in turn requires long-term
planning capabilities that are assured through mid- and long-term reliability in policy orientation,
i.e. long-term political commitment to a specific transformation mission. It is therefore crucial to

Fraunhofer ISI | 43



Abschlussbericht TRADINNOVATION Forderkennzeichen 031B0783

design a mid- and long-term package of policy instruments that incentivize and support progress
towards the established goals. Options that could be taken into consideration comprise:

e Review and adjustment of current regulations, norms and standards to reduce/eliminate in-
centives for unsustainable practices (instead incentivizing transition to sustainability); regula-
tory bans where necessary,

e Economic steering instruments on supply and demand side, e.g. internalization of environ-
mental costs of livestock farming; elimination of the reduction of value-added tax from 19%
to 7% for meat and meat products,

e compensatory payments for incumbent businesses that are conditionally linked to reinvest-
ments into sustainable business models,

e (Infra)structural support packages for regions that are heavily affected, including support to
build up future-oriented, sustainable industries,

e early retirement options for those near retirement age without significant financial disad-
vantages,

e Trainings and continued education to support reorientation.

For this transformation to be successful, both on the supply and the demand side, the agreed-upon
goals must be based on a discourse involving society as a whole, which has yet to be conducted. A
more open, more active and more public exchange about exnovation in the meat sector is needed.
Relevant stakeholders for this process are not just those employed or invested in the traditional
meat industry, but also all citizens who consume meat with any regularity. Because of the embed-
dedness of meat in culture, society at large has to be incorporated into the exnovation process in
order for it to succeed.
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8 Additional information

8.1 Use of project resources

Project resources were mainly personnel costs, required to carry out information searches, expert
interviews, survey, analysis of information and data, pursue a dissertation project and writing of
publication manuscripts. Due to pandemic travel restrictions, physical participation in events, con-
ferences and interviews were replaced by online video conferences, thus reducing travel and work-
shop costs substantially, compared to the originally planned resources. The project work carried
out was necessary and appropriate to achieve the project results.

8.2 Planned and potential exploitation of the project results

The project results provide the knowledge base at ISI to pursue the topic of meat alternatives and
alternative proteins further. The gained insights into the innovation system of meat alternatives and
alternative proteins will be further elaborated in case studies in ongoing projects, especially

e contributions to impact assessment of a protein transition within a case study in the project
"Systemisches Monitoring und Modellierung der Biokonomie (SYMOBIO)"*, funded by
BMBF within the concept of "Bioeconomy as Societal Change". The case study takes insights
of the TRADINNOATION project as starting point, but extends them to a forward looking per-
spective regarding potential impact.

e to investigate meat-reduced or plant-based diets in the context of lifestyle changes towards
sufficiency and ways how to foster them in the EU-funded project "Fundamental decarboniza-
tion through sufficiency by lifestyle changes (FULFILL)"*

Moreover, efforts are ongoing to acquire new thematically related projects on the subject of meat
alternatives and alternative proteins, exploiting the gained better understanding of actor roles and
activities in transition processes, of the increased expertise regarding the role of exnovation in tran-
sition processes, and of interaction of innovation systems or niches. Furthermore, the increased
conceptual expertise on transitions processes can also be applied to other sectors that ISI works
on, such as the fast fashion and electronics industries. The foundational background on exnovation
processes gained during the TRADINNOVATION project has also been put to use in other projects,
such as the project “Monitoring Social-Ecological Transformation”, funded by the Hans-Bockler-
Stiftung.

Some of the work conducted in this project will contribute to a cumulative dissertation at the Georg-
August University of Gottingen.

The project results may be of interest to ministries (especially BMBF, BMEL, BMWK and BMUV),
policy makers and funding agencies as information basis for strategic decisions regarding bioecon-
omy, sustainability transitions in the agro-food sector, and nutritional policies. Potential uses may
lie the setting-up of R&D funding programs on alternative proteins, or the finalization of the Na-
tional Nutrition Strategy (BMEL 2022), to be published by the end of 2023.

Actors in the meat alternative innovation systems whom we contacted in the context of this project
showed a high interest in the project results in order to compare our innovation system perspective
with their own assessment of the field of meat alternatives and alternative proteins. They may use
project results for own activities to contribute to an improvement of the innovation system.

3 https://symobio.de/

3 http://www.fulfill-sufficiency.eu/
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Scholars from the sustainability transitions community can build on our results when studying meat
alternatives or alternative proteins within agro-food transitions. This research object lends itself to
be studied by different frameworks established in sustainability transition research, such as Multi
Level Perspective, Strategic Niche Management, Transitions Management and Governance, Sys-
tems Theory, Social Network Analysis, Social Practices Approach.

8.3 Progress by third parties in the field of the project

Relevant results from other researchers, made available during the project period, were integrated
in our project work. After completion of this project, in May 2023, the Good Food Institute has
published a report on the status of plant-based meat alternatives and cultivated meat in Germany
(Good Food Institute Europe 2023). This report is largely in line with the results and conclusions of
this project.

Moreover, the meat alternative and alternative protein field increasingly attracts attention by schol-
ars from the sustainability transitions community. Examples of publications after the completion of
this project are Amato et al. (2023); Fesenfeld et al. (2023); Duefias-Ocampo et al. (2023); Bulah et
al. (2023b); Bulah et al. (2023a). These publications support our assessment that the meat alternative
and alternative protein field is a scientifically rewarding research object for analyzing it in more
detail.

8.4 Planned publications
Submitted (WP2, context of ongoing PhD work):

Schwarz, A, Fischer, P,; Weinrich, R. "Was that it? Exploring the transitional purpose of companies
on the German market for plant-based meat alternatives"”, submitted to Sustainable Futures.

Abstract: The paper explores the transitional purpose of leading companies in the field of plant-
based meat alternatives to contribute to the discussion about a market-driven transition. Our main
findings are that (i) businesses chiefly aim to change meat consumption without challenging meat's
iconic status, (ii) the economic regime tends to lock them into meat-centered product designs, and
that (iii) company activity nonetheless could prove a springboard for smart politics to facilitate a
true protein transition.

Submitted (WP 6):

Bodenheimer, M.; Niessen, P.; Hising, B. ,How does resistance arise in exnovation? Measuring per-
sonal relevance, emotional attitude and resistance using the example of the German meat indus-
try” submitted to GAIA, currently under review.

Abstract: Incumbent actors often develop strategies of resistance in exnovation processes. These
resistance strategies exist at multiple levels, with the individual level often being a causal one. The
reasons for individual resistance are manifold and also vary greatly with respect to the context
under consideration. One particular challenge to understanding resistance in the context of exnova-
tion is that so far no methodology is available for measuring resistance quantitatively. This paper
therefore presents a quantitative survey approach for measuring the degree and types of resistance
relevant to exnovation from incumbent actors and correlates these to incumbents’ affectedness
(degree of personal relevance and emotional attitude associated with each innovation). Knowing
the impact of affectedness on incumbents’ degree and type of resistance can help guide practition-
ers in designing appropriate exnovation strategies that more effectively address incumbents’ con-
cerns. The methodology is illustrated using a survey among incumbents from the traditional Ger-
man meat industry.
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In preparation:

Bodenheimer, M.; Dutschke, E.; “Lost in transition? Disentangling agency, activities and actor roles”,

including an exemplary case study on actor roles and activities in the sustainability transition of the
traditional meat sector in Germany
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