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Abstract

Research on the development and commercialization of hybrid protein, a combination of
cultivated and plant-based protein, in the alternative protein transition has been increasing over
the past few decades. This transition is increasingly urgent due to environmental impact and
ethical issues around animal protein, as well as issues around food security and health impacts.
Hybrid protein is argued to be a promising innovation to accelerate this transition as it helps
overcome limitations that both cultivated protein and plant-based protein are facing.

The Netherlands is at the forefront of this development, however, the current regulations have
not allowed the selling of hybrid protein yet in the European Union. At this moment, large-scale
market introduction is unfeasible due to limited customer acceptance, insufficient knowledge of
large-scale production, the high costs, the absence of a network that coordinates regulations
and stakeholders and most importantly the absence of the regulations to allow it.

The aim of this master thesis research is to look into how to systematically integrate
responsibility in the design of market entry and diffusion strategies for emerging innovations,
using hybrid protein as a case study. By combining the meta-responsibility framework by Sonck
et al. (2019) with the Technological Innovation System (TIS) framework for large-scale diffusion
strategies by Ortt and Kamp (2022), a combined framework called the Responsible Market
Development (RMD) framework is developed that serves as a tool to design responsible market
entry and diffusion strategies. Where responsibilities of market actors are not incorporated in
the TIS framework, a more sustainable framework is designed that does not only look at
economic, but also social and environmental sustainability.

By applying the RMD framework, the barriers to market-introduction or large-scale diffusion are
identified, strategies to overcome these barriers are proposed, conflicts and synergies between
responsibilities are identified and combining these insights results in an output of the framework
of responsible market-introduction strategies.

For the case of hybrid protein, the following barriers have been identified: ‘production system’,
‘network formation and coordination’, ‘product price’, ‘customers’ and ‘innovation-specific
institutions’. The identified influencing conditions include ‘knowledge and awareness of
technology’, ‘knowledge and awareness of application’, ‘macro-economic and strategic
aspects’, ‘socio-cultural aspects’ and ‘accidents and events’. Based on these findings, the “top
niche strategy”, “subsidized niche strategy”, “redesign niche strategy” and “geographic niche
strategy” are proposed as most suitable pathways to market-introduction. Also the “redesign

niche strategy” and “demo, experiment and develop strategy” are being applied already.

Results from the RMD proposed framework as well as expert interviews suggest that there is an
order to which the strategies can most effective be applied as the barriers have a sequence.
Advised is to first start with the “top niche strategy” or the “redesign niche strategy”, followed by
the “subsidized niche strategy” if price is still a barrier. These proposed strategies have been
adapted in a way that responsibilities are taken into account to make the innovation not only
economically viable, but also socially and environmentally sustainable.

Keywords: responsible innovation, market introduction, large-scale diffusion, responsible market
introduction strategies, TIS framework, meta-responsibility framework, alternative protein, hybrid protein
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Introduction

Problem description

The global population is growing rapidly and is expected to exceed 9 billion by 2050, resulting in
anincrease in food demand. Currently, food scarcity is already an issue, with millions of people
lacking access to sufficient protein and nutrition and this number will only increase with the
predicted trends.

The traditional meat production is perceived as unsustainable, requiring vast amounts of land,
water, and feed to grow the livestock, putting immense pressure on natural resources and taking
up land to live on. This industry is also a leading contributor to greenhouse gas emissions. At the
same time, the way animal farming is done raises ethical concerns, as billions of animals are
kept in poor conditions and suffer during production of animal meat.

Raising animals as a protein source is common practice. Yet upon closer examination, it
becomes evident that it is notably inefficient. For example, it takes 9 calories of food to feed a
chicken to get back 1 calorie in form of its animal flesh. Besides, livestock provides only 18% of
the calories that humans consume, while it takes up 77% of all global farmland. Not only the
production, but also the consumption of animal meat is linked to risks. Overconsumption of
meat has been proven to cause health problems, including heart disease, obesity, and antibiotic
resistance. Food systems need to change — a protein-rich diet is essential, but conventional
meat products will not be sufficient to ensure safety, sustainability and sufficient food supply at
global scale (Chen et al., 2021). Over time, the growing world population cannot be fed from
animal protein. Combined with the sustainability and inefficiency issues, it can be concluded
that animal protein is not future proof. Therefore, multiple alternatives are being developed.

Alternative protein landscape

These alternatives include plant-based protein, fungi-based protein like mycoprotein, and
fermentation-derived protein. Also, there are newer innovations, including cultivated protein and
hybrid protein products. The hybrid products can be a mix of multiple protein sources, e.g.
animal-plant or plant-cultivated protein products. Among these alternative protein sources, the
focus in this research is on plant-based protein, cultivated protein and plant-cultivated hybrid
products.

Plant-based proteins are derived from crops like soy, wheat and peas, and have already been
introduced to mainstream markets. It is present in mainstream supermarkets and it is being sold
in restaurants, showing a growth in customer interest and acceptance in alternative protein
sources. However, there are still issues related to taste, texture as well as perception that results
in plant-based protein not having fully replaced conventional animal protein.

Cultivated proteins are grown in a controlled environment directly from animal cells, but without
having to raise and slaughter the animal. It is an innovation that is still in its early stages, but has
immense potential as it can provide similar nutritional value as conventional meat without the
environmental and ethical impact. The issues revolve around scaling, production price and
regulations, as well as perception and acceptance of this protein with potential customers.

Both alternatives show their advantages and challenges. To bridge that gap, hybrid protein
products have been developed that are a mix of both plant-based protein and cultivated protein.
The composition can be adapted to the needs, and makes it possible to increase the taste and



texture profiles as well as nutritional values and introduce cultivated protein to the marketin a
more accessible way, while keeping the costs and environmental burden lower.

Large-scale diffusion

Usually, the diffusion on an innovation follows the S-shaped curve of Rogers. This is a systematic
framework that helps understand the lifecycle of a technology or innovation. This S-curve
consists of 4 phases, the introduction, the growth, the maturity and the decline. The technology
grows slowly, after that steadily gets to a mature point, and it may eventually reach its
technological limit or competitive advantages, and new radical innovations can result in a new
S-curve (The Open University, 1999).

However, this curve does imply that right after introduction, the innovation will start to grow and
diffuse into the market. Ortt argues that that is not always the case and developed a pattern that
is more accurately visualizing the diffusion of a technology; the pattern of diffusion of an
innovation.

Currently, hybrid products have been developed, and the first examples can be found on the
market globally. However, in the scope of the Netherlands, hybrid products have not yet had
their market introduction. When hybrid proteins will hit the market, they will theoretically follow
the pattern of diffusion, with market introduction, market adaptation and market stabilization
phases if successful. Here, diffusion refers the spreading of an innovation among society over
time, and adaptation refers to the adoption of an innovation by individuals in society (Rogers et
al., 2005). Large-scale diffusion is defined here as the spread of an innovation through society
and the adoption by the majority of society.

Ortt and Kamp developed the Technology Innovation System (TIS) framework in 2022 with a
company perspective, aimed to formulate a strategy for the introduction of an innovation to the
market. It consists of seven building blocks and seven influencing conditions that have been
defined to analyse. The absence, incompleteness or incompatibility with the other building
blocks can block large-scale diffusion. A specific strategy can be formulated to circumvent the
lacking building blocks or to build up those blocks. In fact, this strategy formation can either be a
niche strategy that enables the introduction of an innovation in niches, by circumventing the
missing building block, or a strategy helps to enable large-scale diffusion later on by building-up
the missing building block.

This framework is of interest, as this research is looking at the factors that are keeping this
innovation — hybrid protein — from larger scale market introduction. It can help explain what the
barriers are that are still present that limit its full potential on the market. And what strategies
could be applied to overcome the barriers?

Responsibility within innovation

Innovations are broadly spoken seen as beneficial, usually it is referring to progress or
improvement or even to solutions of global challenges. However, in complex societal challenges
like food scarcity, health problems and environmental issues, innovations can have serious
consequences as well when they are directly affecting public health, well-being and values. Itis
of uttermost importance to not only question whether to innovate, but also how to do so
responsibly.

In response to this challenge, Responsible Research and Innovation (RRI) has emerged. RRl is
‘conceptualized as an endorsement of the relevant public values during the innovation process’
(Taebi et al., 2014). The aim of this RRI is to enhance the societal embeddedness of innovation,



as companies hold various responsibilities in society, one of the key responsibilities of finding
solutions for societal challenges. It also includes the involvement of stakeholders in the design
stage, as well as throughout the development, making the innovations process more inclusive
and adapting the development on the public values and societal expectations.

Despite recognition of the importance of responsible innovation, it is still often neglected in the
process. Besides practical incentives and uncertainty of innovation, also the abstract nature of
responsibility results in the lack of it in the innovation and decision-making process. Specifically
in the process of creating an alternative protein landscape, there is a lack of clarity on what and
for whom the responsibilities are, due to the complex dynamics. Additionally, it might resultin a
more complex decision making and responsibility can form a barrier in the innovation process.

Hybrid protein can on the one hand mitigate the environmental and ethical issues of
conventional animal protein, however, it is currently only accepted by certain people and under
certain conditions as it is perceived as unnatural, not believed to be safe and transparency
about what the actual product makes it difficult to market the product. This raises the ethical
and responsibility related question, like how decisions need to be made when there are trade-
offs between values like cost-efficiency or sustainability and health improvement. Even who is
responsible when the outcome of large-scale diffusion of the product is uncertain.

To provide a more structured approach to responsible innovation Sonck, Osseweijer, and Asveld
developed the meta-responsibility framework in 2019. This offers a practical tool to allocate
responsibilities. The framework provides a structure for relevant actors to see what their roles
and obligations are, but also where there is tension between those roles and obligations and
trade-offs.

Combination — how responsibility can be integrated with diffusion of innovation

Both the TIS framework and the meta-responsibility framework are interesting frameworks that
are created to offer a structured approach to tackle a problem; where the TIS framework is
aimed at market-introduction and large-scale diffusion of innovations and identifies barriers and
influencing conditions to find an useful strategy to overcome these barriers, the meta-
responsibility looks at the responsibilities that actors have regarding innovations and helps
identify conflicts between those responsibilities. The latter can be combined with the former,
since responsibility is becoming an increasingly important part of innovation. The TIS framework
currently does not touch upon responsibility, but the meta-responsibility framework offers a
suitable foundation to be added to the analysis. Combining both frameworks is not only ethically
interesting, it is a way of ensuring that an innovation is not only technically, economically and
market wise viable, it is also socially sustainable. This combination of frameworks is relevantin
the academic field as it offers a more complete analysis that helps design responsible
innovation, not making it a barrier or constraint, but a strategy for long-term success.



Research questions

The main research question states:

“How can responsible strategies be designed to overcome barriers to market-introduction and

large-scale diffusion of hybrid food products that combine cultivated and plant-based

proteins?”

To answer this research question, six sub-questions are developed that will be discussed in the
designating chapters of this thesis. The sub-question state:

1. “How are hybrid proteins relevant in the alternative protein landscape?”
2. “What are the barriers that are blocking hybrid protein from market introduction and

large-scale diffusion?”

3. “What strategies can be applied to overcome those barriers?”
4. “How to systematically identify and classify innovator's responsibilities to support

responsible market introduction strategies?”

5. “How to integrate responsible innovation principles into strategies for overcoming
market introduction or diffusion barriers?”
6. “Whatresponsible strategies to apply to hybrid protein case?”

Table 1 gives an overview of the six sub-questions, with their methods to answer the question,
designated programme and dedicated chapters. The basis of this reportis a combined report
between the two master degrees. Two separate report have been delivered. All chapters will be
part of this report, but the chapters that are designated to the other Master may be shortened in
certain parts. The full chapters of the other Master can be found in the MSc Life Science &
Technology report titled “Developing a framework for responsible scaling of an innovation:
overcoming barriers for large-scale hybrid protein application.”. Within each of the Chapters, the
designated programme is once again noted.

Table 1: Overview of the research sub-questions with the designated methods, programme and chapters.

Sub-questions

“How are hybrid proteins relevant
in the alternative protein
landscape?”

“What are the barriers blocking
hybrid protein from market
introduction and large-scale
diffusion?”

“What strategies can be applied to
overcome those barriers?”

“How to systematically identify
and classify innovator's
responsibilities to support
responsible market introduction
strategies?”

“How to integrate responsible
innovation principles into
strategies for overcoming market
introduction or diffusion barriers?”
“What responsible strategies to
apply to hybrid protein case?”

Methods used to answer
sub-question
Literature

Literature
Interviews
Literature

Literature
Interviews

Literature
Interviews

Designed framework
Interviews

Designated programme

MSc Life Science & Technology

MSc Management of Technology

MSc Management of Technology

MSc Life Science & Technology

MSc Life Science & Technology

MSc Management of Technology

MSc Life Science & Technology
MSc Management of Technology

Dedicated
chapter
1



Methodology

This thesis research has been conducted with a mixed-methods approach, where literature
research, secondary data analysis, and qualitative method (interviews) are combined. This
ensures a detailed understanding of the research topic and considers multiple sources and
perspectives. The general topic of this research is alternative proteins, specifically hybrid
protein. This is used as a case study to design a more general framework and guidelines for other
innovations, with the aim of including responsibility in the market introduction and large-scale
diffusion strategy of an innovation. The scope of this research finding strategies specifically for in
the Netherlands, considering the regulations of the European Union and learning from
developments worldwide.

Firstly, academic literature, including journal articles and relevant reports have been utilized to
lay a foundation for the technical background. This literature review focussed on hybrid protein,
plant-based protein, cultivated protein and its conceptions, consumer behaviour, innovation
trajectories, market strategies, diffusion of innovations and responsibility, where existing
knowledge is analysed, and gaps are identified. Secondary data were complementary sources to
the findings of the literature, including institutional reports, case studies, and previously
conducted surveys. These sources have been used if they are relevant, reliable and align with
the research objective. For more relevant and useful insights, also a qualitative method has
been used looking to broaden the perspectives with experts in different fields. Interviews can be
useful to gain insights in the perspectives and opinions of stakeholders in the hybrid protein
development and market, as well as with professionals or experts in the field of innovation
diffusion and responsible innovation for their experience in the field. The interview is a semi-
structured comparative interview, using the same set of questions aimed to compare between
stakeholders.

The data collected from these interviews before the participants’ consent, have been
transcribed and analysed trying to identify patterns and key insights. The data from secondary
sources have been examined through a descriptive analysis to identify trends.

For all interviews, the ethical guidelines have been followed, ensuring informed consent,
confidentiality and professional data usage and storage, which is regulated through the Human
Research Ethics Committee (HREC). After approval of the Data Management Plan by the HREC,
access to safe storage network was ensured. The ethical standards of the TU Delft have been
followed. Figure 1 gives an visual representation of the different topics, research questions and
methodologies used in this thesis.



‘How are hybrid proteins
relevant in alternative
protein landscape?’

‘What are the barriers
blocking hybrid protein
from market introduction
and large-scale diffusion?’

‘What strategies can be
applied to overcome
those barriers?”

Tis Meta-responsibility
framework framework
| |
Barriers to large- Types of
scale diffusion responsibility
. Reszponcsibilities of
SR innovators and

overcome barriers

market actors

RMD
framework

“How to integrate responsible
innovation principles into
strategies for overcoming

market introduction or
diffusion barriers?”

‘What respensible strategies
to apply to the hybrid
protein case’

“How to systematically
identify and classify
innovator's responsibilities
to support responsible
market introduction
strategies?”

Figure 1: Workflow of thesis including the topics, research questions and methods of research.

There are different perspective of how to approach these developments of alternative protein. It
can be viewed from a customer perspective or a technological perspective. However, a broader
and longer-term perspective is taken here, where also the perspective of actors outside the
market and long-term effects are considered. Not only the actors involved in the direct market
are to be considered, also the indirect actors that at that moment or on longer-term effected

should be considered.

The basis of this thesis was a combined research between two Master degrees, having
combined all steps of the thesis as it being one research due to the interlinked research topic.
The output of the research is also a combined framework. However, for each of the Master
thesis, a separate report has been delivered.
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Chapter 1: Hybrid protein in the alternative protein landscape.

“How are hybrid proteins relevant in the alternative protein landscape?”
-MSc Life Science & Technology

Alternative protein landscape

The most commercialised alternative protein source is plant-based protein. Plant-based meat
alternatives made its market introduction on the Dutch market in the 1980s and up until now
developed and embedded itself into the market. However, it is still a small market sector that
has shifted from animal-based protein to plant-based protein for the required protein transition.
Cultivated protein have therefore been a promising option to add value in this transition. The
concept has been proven to work, and developments are at the stage that it is possible to make
cultivated meat alternatives. The downsides and challenges both plant-based and cultivated
protein were facing have resulted in the production of hybrid products. First, a deeper look is
taken at the two technologies separately, and after that it is shown how that combination can be
relevant in the current protein transition.

Plant-based protein

Plant-based protein refers to products made from plants that are alternatives for conventional
animal-based protein products. Plant-based protein sources have a history reaching back to
approximately 20 centuries with tofu, tempeh and seitan being the first products that were
plant-based. As these products were aimed at vegetarian consumers, it means they have not
been designed to replicate or replace conventional meat. For that reason, it did not gain
popularity in Western societies, as the qualities are different compared to conventional meat
(Thavamani et al., 2020). Also, it is often perceived as low-quality and ultra-processed food
(Toribio-Mateas et al., 2021). In the plant-based meat production, the starting material used is
usually either plant protein concentrate (60%-70% protein) or plant protein isolate (>90%)
(Mount, 2023). A simplified schematic overview of the production process of alternative plant-
protein products is given in Figure 2.

e p = D e

Wet fraction

v
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protein

W
W

Binding, colouring and
flavour agents

Figure 2: Production process of producing plant-based meat alternatives (Ahmad et al., 2022)
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Recently, environmental, sustainability and food security issues have led to the development of
plant-based protein with the aim of replicating conventional meat by mimic or even improving
the taste, texture and nutrition.

Cultivated protein

To produce cultivated protein, a starting cell source is required. This is mostly taken from a living
animal by taking a muscle biopsy or skin sample. These samples are used to select cell
populations with characteristics suitable for meat production and can be stored in a cell-bank.
This storing is an essential step for research and scaling-up of the production (How Is Cultivated
Meat Made, 2023).

The extracted cells are either adult or pluripotent stem cells, both able to proliferate and
differentiate into the necessary cells for cultured meat. Once the starting cell source is
retrieved, it will be cultivated in a bioreactor. In two phases, the proliferating and differentiating
phase, the cells will grow into the desired cell type. These cells are cued into the right type of
cells and together are prepared into the right structure to make it an actual piece of meat (Post,
2012). A systematic and simplified scheme of the production process is shown in Figure 3.

A

Culture media

e

Cultivated meat product

Figure 3: Systematic and simplified process of cultivated meat production.

Where the conventional meat industry requires a lot of natural resources, cultured meat
requires much less resources, especially in land usage and feed. It is still difficult to make
statements about the environmental impact, some studies comparing cultivated meat and
conventional meat show a decrease in energy consumption, greenhouse gas emissions, and
land and water use, however other studies looking at individual gas emission indicate potential
longer-term impact of cultured meat (Chen et al., 2021). The production cycle is much lower for
cultured meat (What is cultivated meat, 2023) and the production can be decentralized, as it is
less dependent on land suitable for animal grazing. Therefore, it reduces the reliance on the
import of meat (Chen et al., 2021). As this break-through innovation offers advantages over the
current main process, itis a technology that is being researched and developed all around the
world. It is fair to mention there are still various barriers that hinder the innovation from
becoming a large-scale product, and thus is it is relevant to dive deeper into these barriers.
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Hybrid protein

Both alternative protein sources offer healthier and more sustainable ways to meet global
protein demand. However, the current cost to produce alternative meat products from cultivated
protein is too high as the large-scale production process is still too immature. Also, the
consumer acceptance is not yet high. Additionally plant-based protein do not have the taste up
to the standards of the consumers preference, so both products are not ready for large-scale
market yet. Considering both challenges but simultaneously the advantages, hybrid options are
being developed. This includes hybrid sausages and burger, containing a certain percentage of
cultivated meat and the remaining part is plant-based. The first startup from California, Eat Just,
that received regulatory approval in Singapore with their cell-cultured meat, composed of 70%
cultured meat hybridized with plant-protein (Ye et al., 2022). This concept of combining both
plant-based and cultivated protein, is for now on referred to as hybrid proteins.

Compositions

The percentage and composition can be specified per product, which is useful marketing wise to
adapt this over time. Once the cultivated meat production process is in more mature stages, the
prices go down, or regulations are more in favour of this product, the shift to a higher content
cultivated protein can be easily made. The composition of Good Meat’s first hybrid product was
also lowered to 3% cultivated chicken to reduce the price per product. This is one of the
advantages of the hybrid products as these are more flexible in terms of composition and
nutritional values.

Types of hybrid protein

As defined, the hybrid product of this case is a blend of plant-based protein and cultivated
protein. However, there are also other possibilities of hybrid protein in terms of the protein
sources or composition of the blend. The first blends were plant-based protein products,
supplemented with animal protein to create the desired taste and texture that resembles animal
protein products. Plant-based and even blended plant-based products have not been able to
convince customers of liking it (Southey, 2023).

Also, a product from cultivated protein is an option, but this is unrealistic to be produced in the
pure form and with the desired structure. Currently, it is more challenging to produce composite
meat products that require muscle like tissues and structures compared to processed meat
(Gursel et al., 2022). Therefore, the first hybrid products are most likely to be in processed forms
like hamburgers or sausages, instead of composite steak. Still, this would be an expensive
process and difficult to market, and thus hybrid protein sources are becoming investigated more
often as an option to get cultured protein to the market. Research in this field is therefore crucial
for creating a more responsible and resilient food system. Looking at what barriers are still
present before hybrid proteins can get onto the market, will give insights in the steps that need to
be taken to make that possible.

Table 2 gives an overview as means of comparison between the four discussed alternative
protein sources.
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Table 2: Overview as means to compare the different sources of protein; animal, cultivated, plant-based and hybrid,
divided into aspects like source, amino acids content, production process, resource usage, environmental impact,
health impact, ethical concerns, costs, consumer acceptance and taste and texture.

Aspect

Source

Amino acids

Production
process

Resource
usage

Environment
alimpact

Health
impact

Ethical
concerns

Costs

Consumer

acceptance

Taste &
Texture

Animal protein

Derived from livestock.

Provide all essential amino
acids in adequate
amounts. Animals cannot
synthesize all essential
amino acids, but they are
supplemented by plants in
their diet (Galili et al.,
2016).

Traditional farming,
growing and slaughtering
animals.

High resource
consumption, requiring
significant land, water and
feed.

Major contributor to
greenhouse gas
emissions, deforestation
and land degradation.

Overconsumption linked
to heart diseases, obesity,
antibiotic resistance.

The farming industry
regarding how animals are
treated and slaughtered.
Cost-effective, depending
on the type of meat.

Well-established, as
globally meat is a major
part of human diet.

Widely accepted flavours
and textures.

Market segment

Cultivated protein

Cells sourced from living
animals (muscle biopsies or
skin samples).

Complete profile of all the
essential amino acids,
mimicking conventional
meat (Toribio-Mateas et al.,
2021).

Bioreactors to grow and
differentiate cells into
muscle, fat and connective
tissue.

Lower resource consumption
compared to tradition meat
production.

It has potential for reduced
greenhouse gas emissions
and environmental impact,
but further research is
needed.

Potential benefits due to
absence of antibiotics,
hormones and diseases.
No animal suffering.

Expensive.

Not accepted yet by the
majority, still sense of
unnaturalness, unsafe or
unpleasantidea.

Not fully replicating taste and
texture of traditional meat,
but still in development.

Plant-based protein

Derived directly from plants.

Naturally might lack some amino
acids (conventional crops), but can
be formulated to include all
essential amino acids (Toribio-
Mateas et al., 2021).

Extraction from plants and
processing into concentrates or
isolates.

Lower resource use compared to
animal farming and is optimized for
protein production.

Low environmental impact, but
depends on the agricultural
practices.

Healthier compared to animal meat
as it may improve gut microbiomes
and lower chronic diseases.
Potential deforestation and poor
labour conditions of agricultural
workers.

Similar or more expensive than
conventional animal protein.

Growing acceptance, but still
limited by sensory differences.

Does not fully replicate flavour and
texture of animal meat, and is seen
as less favourable texture.

Hybrid protein

Blend of plant-based and
cultivated protein.

Typically containing all amino
acids, as it is a combination of
plant-based and cultivated
protein.

Blending the plant-based
protein with cultivated meat to
reduce cost, improve taste and
enhance texture.

Lower than pure animal meat,
but uses resources of both the
plant-based and cultivated
meat production.

Potential reduced
environmental impact
compared to conventional
meat, comparable to cultivated
and plant-based protein.
Similar to plant-based and
cultivated meat, but potentially
more balanced.

Hybridization so labelling and
transparency.

Lower than pure cultivated
meat, but higher than plant-
based.

Still growing, as it offers a
balance between the desired
taste/texture and sustainability
benefits, but still some
opposing opinions as cultivated
meat is included.

Still evolving, but more similar
to traditional meat than plant-
based protein.

To get a better understanding of where these alternative protein sources are with regard to
development, legislation and market diffusion, first a general overview is given of the
development and current market situation in the Netherlands and within the world. After that
some milestones are pointed out concerning the development of cultivated protein.

The Netherlands
The Netherlands has the leading position in cellular agricultural developmentin Europe, as large
start-ups, universities and farmers are collaborating in the development. The Netherlands has
also implemented a food safety framework for tastings of cultivated protein, and are the first
country in the European Union to do so. Also, the development of specific technologies for
plant-based protein products have received funding from the Dutch government, that aims at
improving the taste of plant-based products, and gaining more customer acceptance for
fermented protein by using blended technologies (The Dutch Research Council, 2023). In a
study from 2022, it was found that the Netherlands had the highest consumption rate of plant-
based foods per inhabitant, showing advances in the adoption of plant-based products in the
Dutch society (Williams, 2024). The Aprovals program was also set up in collaboration with 8
countries in Europe, that should help companies speed up the approval in Europe for cultivated

protein.
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Over the period between 2019 and 2023, there has been a shift already on the Dutch market
where there is a decrease in meat consumers and an increase of flexitarians. This visualizes the
gradual acceptance and integration of plant-based products in the Dutch diets. Figure 4 shows
this pattern.
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40%
35%

2019 2020 2021 2022 2023

Figure 4: Changes of diet patterns over time in Dutch market, between 2019 and 2023 (Merk & Evers, 2023). In orange
the meat consumers and in green the flexitarians.

The increase in acceptance can be explained by the increase in consciousness of Dutch citizens
about the food and its nutrition they are consuming. In 2019 only 56% of the Dutch inhabitants
were conscious about the food they were consuming, compared to 66% in 2023. There is also a
significant difference between the way men and women perceive the food they are consuming.
Men are more sceptical and also the level of education has an influence on the amount of
thought is put into the food that is being consumed. Higher educated people are more likely to
be conscious about what they are consuming (ISMI, 2024).

The market in the Netherlands of plant-based meat alternatives have decreased in total revenue
between 2021 and 2023 with 6.5% to 144 million Euros. These are the alternatives that aim to
replicate conventional meat, but do not include tempeh and tofu. However, the total revenue of
tempeh and tofu has increased between the same time period 2021 and 2023 with 6.3% to 9.6
million Euros. This increase can be explained by the relative favourable pricing; in 2023 5,85 Euro
per kilogram, where the plant-based meat alternatives were priced at 9,63 Euros per kilogram.

The price of plant-based meat was 63% higher than conventional meat in 2021, however, this
difference has decreased throughout the years, in 2024 plant-based meat only being 35% higher
in price. This decrease in price difference can be explained by the relative price changes, where
conventional meat increased in price relatively more than plant-based meat (Good Food
Institute, 2024a).

As no cultivated protein products are sold on the Dutch market yet, there is no data on that.
However, there is currently a broad range of plant-based products on the Dutch market and
those products have been popular for around a decade. There are now approximately 10 market
leaders; Beyond Meat, Boon, De Vegetarische Slager, Garden Gourmet, AH huismerk, Valess,
Naturli, Unox, Quorn and Vivera.

Globally

The global leader in the alternative protein research is Singapore, having multiple research
programs focussed on cultivated protein, as well as plant-based and fermentation-derived
protein. Their research programs aim to improve the customer acceptance by improving the
taste and texture, and Singapore is therefore aware that the solution to food security might be
consumer-driven (Battle et al., 2025). Singapore can even position itself as a regional hub for
food innovation (Business Wire, 2020). The first few companies that have their regulatory
approval are selling in Singapore, as Singapore has governmental support for cultivated meat
commercialisation. They are also a technology driven environment and are in the forefront of
development.
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Table 3 gives an overview of all milestones that have taken place in the recent years with regard
to the first approvals of selling alternative protein in both the Netherlands and globally.

Table 3: Timeline overview of the first companies that are (in the approval stage of) selling cultivated protein products
around the globe.

Time Company Status Details
(country)

December @ East Selling in Singapore Eat Just was granted the first regulatory approval for the

2020 Just/GOOD selling of cultivated meat in Singapore. Their product is
Meat (US) cultivated chicken that is sold to just one butcher once a

week.

April2024 | Vow Selling in Singapore Australia’s Vow became the second company to sell

(Australia) cultivated meat in Singapore. Their focus is on high-end

customers, wanting to offer an unique experience asiitis
only available in high-end restaurants (Watson, 2025).

July 2024 Gourmey Applied for European Gourmey filled the first regulatory submission in the EU for
(France) Union, Singapore, UK, the selling of their cultivated foie gras. In parallel they
us submitted this in Singapore, Switzerland, the UK and the
United States (Williams, 2025) (Battle et al., 2025).
January Mosa Meat Approval for Singapore, Mosa Meat, as the first in the Netherlands, made the second
2025 (The applied for European application in the EU for a cultivated product. They
Netherlands) Union, Singapore specifically filed for cultivated beef fat that has the aim of
enhancing the taste and texture of plant-based beef
(Williams, 2025).

They already have the approval for Singapore.

Even though steps are made in the development of alternative protein, also resistance and
opposition is a natural phenomenon to innovations. This is usually the case for groups that
believe that the losses are larger than the gains (Juma, 2016). Table 4 gives an overview of the
opposition to alternative protein. This gives an indication of the dynamics within the European
market.

Table 4: Timeline overview of opposition to cultivated (and plant-based) protein products.

Time Who Details
November | Italian A law was voted for, banning the production, sale and import of cultivated meat. This law
2023 government = could be challenged by the European Commission, as it had not yet been sent to the

authority for approval. The main reason for the ban is their worry regarding their
agricultural entrepreneurs, workers and tradition (Kirby, 2023).

July 2024 Hungary As a member of the EU, they proposed a ban on the production and marketing of
cultivated meat. This received criticism as it was perceived as unjustified and potentially
harmful to the European Single Market. Therefore, the Hungarian governmentis still
assessing whether they can amend their legislation and the proposal remains on hold.
(Battle et al., 2025).

March Farming Italy’s leading farmers’ association Coldiretti, one of loudest opponents of cultivated

2025 association = meat, protested with thousands of farmers for the EU to assess novel foods in the same
Coldiretti way they do with new drugs (Mridul, 2025).

July 2025 European The European Parliament has reopened the debate on banning all 27 EU countries from

Parliament using terms used for plant-based foods that resemble animal meat.

Relevance of hybrid protein in alternative protein landscape

Within the alternative protein landscape, the different technologies and innovations are at
different stages with regards to the development, technology readiness level and market
diffusion. We are now narrowing down to hybrid protein products, which provides a solution to
the problems that the other options are facing. The hybrid product here is a mix between plant-
based protein and cultivated protein.
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The reason for choosing hybrid protein is pragmatic, based on its maturity in combination with
the interesting phase of development it is currently in. The first ever hybrid protein products have
recently been approved for sale in Singapore, and in the Netherlands the first hybrid protein
product was submitted for approval Mosa Meat. Mosa Meat already has the first approval in the
Netherlands for pre-approval tastings. The technology has therefore been through certain
traceable steps in the process of maturation, which makes it useful and practical to be able to
look at historical data of what this path has looked like. Not only from a market perspective, but
also from the ethical and responsibility perspective it is useful to look at historical data to see
what steps have been taken, what ethical issues came up during the development and how this
technology has grown with regard to ethical issues and viewpoints of others. At the same time,
hybrid protein is stillin a phase of development and has just had its market introduction on a
small scale, making it interesting to explore strategic pathways to scale cellular agriculture and
reduce animal protein consumption.

Societal perspective

As hybrid protein is a mix of cultivated protein and plant-based protein, it is using the
characteristics of both protein sources to its advantage. Where plant-based protein lacks the
sensory preferences of consumers that resembles conventional meat, cultivated protein can
improve this texture and taste. Therefore, the relevance of hybrid protein can be viewed from a
consumer’s perspective.

Additionally, the nutrition is of importance for the consumer. The hybrid form of the two protein
sources ensure to possibility of tweaking these nutritional scores. Hybrid protein products can
be seen as one of the options that consumers have when choosing their preferred source of
protein. Even within the hybrid products there is a broad range of products that can fall within
these terms as it can technologically be customized. Tweaking the characteristics of these
products, can shift the popularity of the product and with that the diffusion, now viewing the
relevance of hybrid protein from a market and consumer perspective.

Hybrid proteins are on the other hand also a result of technological advancement, where the
barriers that are holding the cultivated protein and plant-based protein back from large-scale
diffusion, hybrid forms are emerging technologies as a way to overcome those barriers. The
advantages of both forms are thus complementing each other. This is from a technological
perspective one of the reasons of hybrid protein evolving.

Summarized can be said that the consumers perspective, it being the preferences and wishes of
the consumers and market, is the starting point of the development of this innovation, where the
technology is making this possible. However, a broader and longer-term perspective should be
considered where actors outside the market and long-term effects are also considered. So,
besides the direct actors within the borders of the market, also the indirect involved or affected
actors should be included, that can be described as the societal perspective. This group of
stakeholders can include farmers, conventional meat producers or retailers. Their business may
be affected by the introduction of these competing products, which can have broader societal
implications. Also for inhabitants surrounding farms, or land where new production facilities
may be build, can be affected by the broad implications this can entail (including nuisance from
the factory, transport, view hindering etc.)
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Conclusion —societal perspective

For the scope of this thesis, the Netherlands, and if relevant the European Union is used as the
geographical scope. Developments worldwide are used for learning purposes. With regard to the
time related scope, all information is based on the current situation, in 2025, with exceptions
being mentioned to track progression over time. The hybrid product, a combination between
cultivated protein and plant-based protein, form the product innovation within the alternative
protein landscape in question. The societal perspective is taken, where the hybrid protein is a
technology-driven innovation that is emerging as promising to stir the protein transition into the
preferences of the consumers, considering the actors within this market boundaries as well as
indirectly involved or affected actors outside this scope to get a broad and long-term
perspective.

Hybrid protein are relevant in the alternative protein field, as they can help accelerate the
protein transition by combining the technological feasibility and sustainable gains in one
product. They are addressing the limitations the plant-based protein products and cultivated
protein products face. For example, plant-based protein still struggle with the right sensory
experience that consumers accept and the nutritional values to compete with other
conventional protein sources, while the production price is attractive. Cultivated protein on the
other hand have the high production costs, and low consumer acceptance, however it closely
resembles the taste, texture and nutritional values of conventional meat. By combining these
options, cost-effectiveness of plant-based protein and sensory and nutritional advantages of
cultivated protein result in a more optimal and attractive product.
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Chapter 2: Barriers for large-scale diffusion

“What are the barriers blocking hybrid protein from market introduction and large-scale diffusion?”
- MSc Management of Technology

Process of diffusion for hybrid protein

Innovations are usually referred to as something new, whether itis a new product, a new
process, or a new idea. It is also commonly associated with something risky, time-consuming,
and financially costly (Costello, 2013). Companies require to be innovative, to be able to keep up
with the constant changing world. All the current challenges surrounding global warming, food
scarcity and animal welfare call for radical innovations that are different from the current food
system that can help tackle those issues.

In this specific case, the final product is a new product that is disturbing the existing market, so
aradical innovation. Hybrid protein, or alternative protein, will radically change the current food
system (Morais-Da-Silva et al., 2022). It is interesting to see how long it can take before radical
new innovations start diffusing on a large scale; on average this takes several decades (Ortt &
Kamp, 2022).

The diffusion on an innovation usually follows the S-shaped curve of Rogers. This S-curved
framework describes the lifecycle of a technology in four phases; the introduction, the growth,
the maturity and the decline. The technology grows slowly, after that steadily to a mature point,
and it may eventually reach its technological limit or competitive advantages, and new radical
innovations can result in a new S-curve (The Open University, 1999). However, this curve does
imply that the right after introduction, the innovation will show the pattern of diffusion and
adaptation. Ortt argues that that is not always the case and developed a pattern thatis more
accurate to how innovations are adapted over time, visualized in Figure 5.
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Figure 5: Pattern of diffusion of an innovation in three distinct phases showing the percentage of adaption of an
innovation over time (Ortt & Schoormans, 2004).

The pattern is divided into three distinct phases, (1) the innovation phase, (2) the market
adaptation phase and (3) the market stabilization phase. The invention is defined as the first
time the principle is shown. This can be a demonstration of the principle, at the smallest scale.
From there on, the invention moves to the innovation phase where the innovation goes from idea
to marketable product. Once the first product has been introduced on the market, it continues
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in the market adaptation phase. In this phase, there is some focus on the fact that not all
innovations directly after market introduction become a success. Technologies are often
postponed, or quickly taken from the market once the first disappointing results come back (Ortt
& Schoormans, 2004). The length of this period can vary, but Mansfield has claimed that the
average time is 15-23 years. In practice, after first introduction, the innovations do not directly
follow the S-curve; instead, there might be some attempts and adaptations before the product is
ready for diffusion. These different attempts usually are niche attempts, aimed at a small group
of customers that have specific demand regarding the product. This phase is estimated to take
more than a decade. In this phase, a standard is tried to be established. The market stabilization
phase begins when the diffusion of the product starts and ends when the technology has
substituted the previous dominant market holder. At that point, also regulations are established.

Innovation results in improvements in existing processes, as well as implementation of useful
technologies that can result in operational excellence, as that requires continuous improvement
to excel in business. Besides, it can be a way to outperform competition when a company uses
their innovative potential. As innovation is important but at the same time requires dedication
and investment in a risky and uncertain time, it is useful to know what stages an innovation goes
through, to be able to anticipate on that and find the right strategy and make the right decisions.

History of development of hybrid protein

The first idea of cultured meat was shared in 1932, however for centuries it remained an idea as
it posed technical limitations. In 1980, Willem van Eelen received the first patent for the
production of meat from animal stem cells. In 2011, the Dutch scientist Mark Post produced the
first slide of meat, and in 2013 produced the first cell-cultured patty by layering 10,000 meat
slices together. At this time, it was still too costly as it had an R&D price tag of $250,000. It was
also not yet approved for safe consumption and commercial sales. This can be seen as the first
market introduction of cultivated meat, after a phase of development taking around 30 years.
The high price tag at the time resulted in critics doubting whether this technology would be
scalable to commercialisation and become a mainstream solution.

The main challenge to go from the development stage to the first market introduction and
market diffusion was the scale-up of the production process. While the technological feasibility
was there, the costs and general perception of the product were not allowing it. This same
scepticism happened around other innovative technology developments like electric vehicles or
solar panels, which have also shown their scalability possibilities.

The first regulatory approval was given in Singapore in 2020, to commercially sell and produce
cell-cultured meat. However, Europe and North America represent the largest share of start-ups
and enterprises working in the cultured meat industry (Ye et al., 2022). In 2021, also Future Meat
announced that it would be able to produce cultured chicken breast, for less than $10. Also,
Mosa Meat wanted to mass-produce cultured meat and be the first company to launch a
cultured meat product in Europe by 2022. In 2025, they have shared that they have submitted
the first application of cultured beef fat in the European Union. The fat is what gives the product
the most meat like taste and thus is that the product that they submitted approval for (Ye et al.,
2022) (Van de Rijdt, 2025). The alternative protein market however has not had the success of
which it had hoped. The first consumers were initially driven by curiosity, but this did not lead to
repeated purchases. The sales have decreased over the years, and some companies even
withdrew their products (Fairr, 2023).
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Current stage of hybrid protein

Even though there is potential and major milestones have been reached in the industry, like the
costs reductions, cultivated protein is still not at the stage of becoming the mainstream product.
It requires further cost reduction and process optimization for scaling. A range of innovative
strategies are being developed to drive down the costs even more. These include the use of
undifferentiated cell mass, in-house media production, using continuous production or
perfusion methods, but most interesting for this research is the creation of hybrid protein (Lever
VC, 2025).

Hybrid protein are interesting from a financial perspective, as it makes it possible for the mass
market to afford cultivated protein, but also from a perspective of introducing a new product on
the market. By starting off with a low percentage of cultivated protein, combined with more
familiar plant-based protein gives room for acceptance and becoming familiar with a product.
Eat Just received the first regulatory approval for cultivated meat production in Singapore in
2020, also Upside Food and GOOD Meat got approval in 2023 to market and sell cultivated
chicken product. These companies are now able to sell cultivated meat, but the first product
that is marketed from GOOD Meat for consumers is in a hybrid form.

Figure 6 gives an indication of where the hybrid protein currently are in time in the pattern of
diffusion. The developments are in line with demand, and other forms of alternative protein have
made their first market introduction, but hybrid protein in this form still need their market
introduction. There is still a few barriers that is blocking that, hence the current position on the
pattern of diffusion.
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Figure 6: Estimated position of hybrid protein in the pattern of diffusion, after some other forms like plant-based have
made introduction and cultivated protein tasting, but still before large-scale market introduction.

TIS framework

A Technological Innovation System (TIS) is ‘a specific representation of a socio-technical system
around a technological innovation and can be defined as a dynamic network of agents
interacting in a specific economic/industrial area under a particular institutional infrastructure
and involved in the generation, diffusion, and utilization of technology.’ (Carlsson & Stankiewicz,
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1991). The TIS framework by Ortt and Kamp was designed in 2022, with the aim of exploring the
context around an innovation and help formulate a niche introduction strategy that fits within
this context (Ortt, Kamp 2022). This framework can therefore be used as tool to formulate a
specific strategy for hybrid protein for effective market introduction and diffusion.

This framework was developed specifically for radical innovations that have already been
demonstrated to work, while the large-scale diffusion has not started. This framework
specifically looks at innovations that are in the adaptation phase between the first market
introduction and the start of large-scale diffusion (Ortt, Kamp 2022).

The framework by Ortt focuses on a company perspective using following seven building blocks
that are defined as important to consider and analyse, when formulating a strategy for the
introduction of the innovation in the market:

Product performance and quality
Product price

Production system

Complementary products and services
Network formation and coordination
Customers

Innovation-specific institutions

Nooakowd =

The absence, incompleteness or incompatibility with the other building blocks can block large-
scale diffusion (Ortt, Kamp 2022). A specific strategy can be formulated to be able to provide the
lacking blocks, in fact, this strategy formation can be seen as applying combinations of
resources in order to achieve large-scale diffusion.

TIS context —actors, collaboration and networks

To better understand the scope of the innovation, a Technological Innovation System (TIS) is
described. The components of such an innovation system are actors, networks and institutions.
They together contribute to the development, diffusion and utilization of the products or
processes an innovation offers. For this case, the TIS describes the context of the innovation.

This specific TIS is about the technology of producing hybrid (cultivated and plant-based) protein
products, with the scope being the Netherlands, specifically in the food industry focussing on
the beginning of the development up until the current situation. The actors that are involved are
listed in Table 5. Additionally, their role and collaboration is listed here, specifying formal (e.g.
associations and consortia) and informal (e.g. knowledge sharing) networks, as well as the
institutions including formal rules (e.g. laws and policies) and informal norms (e.g. values).

Within the group of actors, a difference is made between innovative agents, those who are
actively influencing the innovation process, and other stakeholders that are not able to influence
the innovation process.
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Table 5: Description of the TIS context, including the actors (innovative agents or stakeholders), their roles, the
collaboration links between the actors, their networks (formal and/or informal) and institutions (formal and/or
informal).

Actors Type Role Collaboration = Networks Institutions
1 Knowledge Innovative Research and 2,3,4,8 Formal and Formal and
creators, like agent development of informal informal
universities and technology
research institutes
2 Start-ups and Innovative Development of 1,8,4,5,6,8, Formal and Formal and
innovators agent products and 9 informal informal

processes and test
with business model.

3 Established Innovative Market access, 1,2,4,5,7,9 Informal Formal
market players agent scale-up and
competition
4 Governmental Innovative Set up regulations 1,2,3,9 Formal Formal
bodies agent and fundings.
5 | Customers Stakeholder Adopting the 2,3,6,7,8 Informal Informal
technology or
product.
6 Retail companies Innovative Providing market 2,3,5,7 Informal Formal
agent access.
7 Media Stakeholder Sharing information 2,3,5,6,8 Informal Formal and
and opinions. informal
8 Society Innovative Advocacy for societal = 1,2,5,7 Formal and Formal and
representativesor = agent issues. informal informal
NGO’s
9 Investors and Innovative Providing capitaland = 2,3,4,8 Formal Formal
financial agent influencing the
institutions technology spread.

The innovative agents directly influencing the innovation process include the knowledge
creators, like universities and research institutes, start-ups and innovators, established market
players, governmental bodies, retail companies, society representative or NGO’s and investors &
financial institutions. As the consumers and media do not have a direct influence on the
innovation process, those are characterised as stakeholders. Both the influence of the
innovative agents and stakeholders is explained in Table 5 under ‘Role’.

In the alternative protein landscape, these innovative agents and stakeholders are collaborating
on e.g. the development, product testing, market entry, and providing capital. An example is the
collaboration between start-ups and established market players, where they are co-developing
an improved version of an already existing product on the market.

The actors in the TIS collaborate in networks, which can be either formal or informal networks.
Informal networks facilitate the exchange of information, knowledge and other resources
between innovating agents. In contrast to informal networks, formal networks are an
organizational structure with identifiable members that come together to achieve a common
goal of creating a supportive system of resources. Formal networks can also be seen as bundles
of resources, made available by the network members. The resource-based view (RBV) is an
approach that explains competitive advantage of firms, but it can also be used to explain why
strong collaboration networks are of importance in a TIS. The RBV explains that different actors
control and own different resources which can be difficult to transfer. Therefore, it is strategically
beneficial to collaborate with other actors, that make it possible to share those varying
resources with (Musiolik et al., 2012).
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Within the TIS, there are both formal and informal institutions that have an impact on the TIS
formation. The formal institutions are concerning the regulations specifically for food safety,
novel foods, and cultivated protein, as well as patents for technologies, certification for the
labelling of alternative protein products. These types of institutions allow for legitimacy of the
technology and product. The informal institutions are regarding social norms, cultural values
and societal beliefs, especially important considering the consumer acceptance for hybrid
protein.

Building blocks

The seven building blocks in the TIS framework are a way of analysing whether all aspects are
present to have successful market entry and diffusion. This helps assess the timing and scaling
of introduction strategies. These seven building blocks are described below, after which they are
analysed in this specific case.

The first building block ‘product performance and quality’ is about the performance and
quality of the innovative product compared to the competing products. The innovation should be
aviable option or alternative to the competing products for potential customers.

The second building block ‘product price’ is about whether the price is competitive with the
competing alternative products. For large-scale diffusion, a reasonable price in absolute or
relative terms is required.

The third building block ‘production system’ is about the production systems that can both
deliver the desired quality and the required quantity for large-scale production. Over time the
production costs will decrease and the quality will increase, which will increase the
competitiveness of the product. Yet, as it takes time, this can be a hampering factor in the
diffusion process.

The fourth building block ‘complementary products and services’ is about products and
services that are complementary to the product that are either unavailable, incompatible or too
expensive. The lack of these products can lead to block of large-scale diffusion. (service could
be the collaborations or shops that sell it).

The fifth building block ‘network formation and coordination’ is about the actor network in the
supply chain. These actors can be the suppliers of raw materials, the production process,
distributors and researchers. The coordination between the actors and governance is crucial, as
their collaboration determines the success of the process. Therefore, they should also have a
shared view. The presence or absence of this network can hamper or support the diffusion of the
innovation.

The sixth building block ‘customers’ is about both the identification of potential customers, but
also about the awareness of these customers that they need or want to acquire the new
product. Also, during the development phase, customer involved is important as their specific
requirements in the product determine whether or not they are likely to purchase the product
later.

The seventh building block ‘innovation-specific institutions’ refers to the formal and informal
rules and regulations from for example the government that blocks or supports the diffusion of
the innovation.
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Influencing conditions

The building blocks that are missing help identify what barriers are hampering large-scale
diffusion. However, there is not yet enough information based on these barriers to identify what
type of strategy is required for large-scale diffusion. Extra information about the cause of the
barrier can help formulate a specific type of niche introduction strategy. Ortt & Kamp defined
seven influencing conditions that describe the cause of the barriers in the TIS framework:

Knowledge and awareness of technology

Knowledge and awareness of application and market
Natural, human, and financial resources
Competition

Macro-economic and strategic aspects
Socio-cultural aspects

Accidents and events

Nooakownh =

For the first and second influencing conditions are ‘knowledge and awareness of technology’
and ‘knowledge and awareness of application and market’. If either of the actors in the TIS
are not aware of the technology or application, this is hampering the innovation.

The third influencing condition ‘natural, human and financial resources’, explains that the lack
of either type of resource can hamper TIS formation and diffusion. Here, natural resources are
raw materials of products that create the final product. Human resources are the people that
have the knowledge and competences, and financial resources are the fundings that are
required for the production and development.

The forth influencing condition ‘competition’ is based on the competition that the new
innovation has with the old existing technologies or products. Also new version of the innovation
can compete. This uncertainty of competition between companies creates hampering of TIS
formation, and ultimately also influences the pricing and performance of the innovation.

The fifth influencing condition ‘macro-economic and strategic aspects’ includes market
structure, the economic situation and strategic policies. The economic situation can for
example hamper or facilitate the fundings.

The sixth influencing condition ‘socio-cultural aspects’ refers to the differences in norms and
values between the actors in the TIS but also of potential customers. Those are less formal than
laws and regulations, and can therefore change over time making it a potential blocker of
diffusion at one moment, and a stimulating factor later.

The seventh influencing condition ‘accidents and events’ refers to accidents within or outside
of the TIS. An example of an internal accident can be a production failure, and of an external
accidentis a war or changes in regulations. In certain case it can be beneficial, but it can also
hamper the innovation.

Building blocks present

Following the framework, for the specific TIS each of the building blocks is analysed. Two out of
the seven building blocks are present, and knowing what the foundation is to be worked with is
important. The two complete building blocks are product performance and quality and
complementary products and services. The product itself is ready, the production system and
ecosystem around it are not.

Table 6 gives an elaboration on the presence or lacking of the building blocks and
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Table 7 gives an overview of the influencing conditions.

Table 6: Overview of the TIS building blocks, indicating which are present or not and an elaboration on why they are

presentor not.

Building
block
Product
performance
and quality

Product price

Production
system

Complement
ary products
and services

Network
formation
and
coordination

Customers

Innovation-
specific
institutions

Present

Yes

No

No

Yes

No

No

No

Reason

The product performance is good, the quality is there, but it is not yet known what the
long-term effects are. For the hybrid protein, the quality is improved compared to the
cultivated protein and plant-based protein alone. Also, the regulations assure a
standard for the food performance and quality.

The production costs are currently high, but the exact pricing in the Netherlands is
not known yet as no products are on the market here. Based on pricing in already
selling countries like Singapore, this is currently expected to be high. So, thisis a
diffusion hampering factor.

The production system is still designed for smaller scale than required for large-scale
production, so this is still hampering scaling-up.

The hybrid protein can be seen as sole product, where cultivated, plant-based but
also insect and algae based are complementary products that are filling up the
landscape. These products can also be linked, where for example the growth of one
product strengthens or weakens the position of the other.

There is a TIS around this innovation, with a network of companies, start-up,
researchers and technological experts that are collaborating on this development, yet
there is no clear coordination yet. There is a lack of collaboration between the
government and start-ups for example, and all involved stakeholders in the network
have different incentives of developing this hybrid protein. A clear common incentive,
to align the strategies is required, deciding who is responsible for what.

There are potential customers, but only high-end customers, the so-known
innovators and early adopters. The customer acceptance is not there, making large-
scale diffusion not possible yet.

There are innovation institutions, like the Good Food Institute as well as regulatory
institutions regulating the quality and safety of the novel foods. Also, there are
regulations regarding the commercialisation of novel foods. However, regulations are
currently not supporting the selling of cultivated protein in Europe or the Netherlands,
and this poses a major missing building block.

Table 7: Overview of the TIS influencing conditions, indicating which are present or not and an elaboration on why they
are present or not.

Influencing
conditions

Knowledge and
awareness of
technology

Knowledge and
awareness of
application and
market
Natural, human
and financial
resources

Competition

Macro-
economic and

strategic aspects

Present

No

No

Yes

Yes

No

Positive or Reason
negative
influence
Negative Customers do not fully have the knowledge of the
technology, also the scientists, start-up and other
developing actors are not having the knowledge of how to
scale-up this technology for large-scale production.
Customers are not aware of the usage of this food

product. Also, the government and financial
institutions/venture capital might not fully understand the
value of the product.

The natural resources, the raw materials, are present,
human capital is present and in geographical proximity
and financial resources are also present to a certain extent
due to governmental support.

There are different companies working on the same
technology, as well as competing products like companies
working with plant-based protein. However, they can
together make alternative protein more popular.

The macro-economic landscape has been rough in the
last three years, meaning more strategic decision have to
be made.

Negative

Positive

Positive

Negative
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Socio-cultural Yes Negative Generally, the actors in the TIS have similar values and

aspects norms. However, the perception of cultivated protein is
still widely varying among different people and different
cultures. How to fit this new protein source into the
cultures is still an ongoing struggle. Governmental support
could be an important factor in this acceptance and also
the market strategies will be made with cultural traditions

in mind.
Accidents and Yes Negative Opposition to cultivated protein, for example the ban of
events the Italian government, has a negative influence on the

market access in the European Union. Also, the ban for
companies to label or name their plant-based products
with animal protein derived names hampers the
acceptance of customers. A plant-based burger for
example is not allowed.

Building blocks lacking

More interestingly than the TIS building blocks that are already present, are the building blocks
that are not yet present. These are blocking the market-introduction and diffusion and are the
factors that need development. The building blocks that are forming a barrier are:

Product price: Currently the production costs are high, as the fixed costs of the bioreactor
infrastructure is high and this will only be higher with large-scale production. One of the other
key cost drivers in the production process is the cultivation media costs. The ultimate price of
the product will be largely influenced by the production costs, and thus the assumption can be
made that the product price will be high when it enters the market. The combination of
cultivated protein with plant-based protein has already been a factor that has decreased the
pricing of the final product, as it decrease the amount of cultivated cell mass required to obtain
the desired product. Other options for cost reduction can be found in the Master Life Science
and Technology thesis report as well as more details on the price as barrier.

Production system: The production system, the infrastructure around the production system
and the capacity of the production system is not developed for large-scale production yet. That
means that currently the product cannot be diffusing on a large-scale. Integration with current
supply chains can be an interesting development, like with conventional agri-food systems can
be beneficial as these value chains are already in place, eliminating the necessity to create a
completely new value chain, while at the same time keeping in mind the integration of the
current human capital in the value chain instead of replacing their source of income. Co-
production of cellular agriculture and livestock derived products on a farm, means working with
farmers and breeders that already work in an established market. This has multiple benefits for
the development and realisation of large-scale hybrid protein production. First off, as it is easier
to produce cultured protein in small units, this makes it possible to get a head start in the
production. This creates learning opportunities and continuous improvement. As this is being
developed on a local scale, it is stimulating the local economic growth, integrating with local
supply chains, and embedding in local communities simultaneously building consumer trust
(RESPECTfarms, 2025). Also ‘Cultivate at Scale’ is an example of an open-access facility that
provides small scale innovators the facilities to experiment, develop and accelerate their
development process in order to reach commercialisation faster. They provide the equipment to
produce different type of batches that Cellular Agriculture start-ups can produce early on in
their production process. Providing this reduces capital costs in the testing phases for start-ups,
lowering the barrier for them to scale-up in a still uncertain phase (Cultivate at Scale, 2025).
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Network formation and coordination: There is a range of relevant stakeholders that are forming
a network, yet the coordination of these stakeholders that can result in collaboration is not
developed properly yet. Especially the government does not have a stake in this network, which
would take the leading role of getting all stakeholders on the same line. With similar incentives,
this network can be coordinated for proper collaboration, that could contribute to the
elimination of the lacking building blocks. Creating governance frameworks will help shape open
and transparent research as well and an increase in governmental commitment will result more
trust and confidence in this industry (Glaros, 2025).

Customer acceptance: The perception of plant-based protein and cultivated protein, as parts
of hybrid protein, is a significant barrier. A study in the Netherlands between 2019 and 2023
showed a slight decrease of a maximum of 6% of positive association with protein alternatives,
specifically meat replacers (Figure 7). In the last two years (2022-2023) of this research period,
there has been a shift from negative to neutral associations. The positive associations are linked
to taste (good), the providing companies and products (healthy, sustainable). The neutral
associations are linked to the providing companies and the products (plant-based, tofu). The
negative association is linked to the price (expensive), taste (not good), and the products
(processed, fake meat) (Merk & Evers, 2023).
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Figure 7: Trends in association with protein alternatives in the Netherland over the period 2019 to 2023. In green
positive associations, orange neutral associations and red negative associations (Merk & Evers, 2023).

There are multiple reasons as of why consumers are not accepting of cultivated protein yet. For
cultivated protein, the barriers are mainly about the perceived naturalness, perception about
production and processing, safety and lack of trust in the product and food industry (Van de
Toorn, 2025).

A factor to improve the customer acceptance is the presentation of the product. This could be
facilitated through the advancement of techniques that mimic real muscle fibres better,
techniques that mimic the colour better or the texture and taste (Alberganti & Zaccarian, 2024).
As the sale of cultivated protein is not yet approved in the Netherlands, opinions are based on
depictions, perceptions and impressions, rather than on experience. This makes the
presentation of cultivated products important and influential.

An important factor that determines whether consumers will grow acceptance is transparency.
Learning from companies working with genetically modified organisms being perceived as
secretive, transparency is a factor that builds trust. Additionally, this will communicate the
benefits and production process. However, transparency can also hamper acceptance, when it
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results in the perception or confirmation that the production process is unnatural, processed or
even artificial (Rosenfeld & Tomiyama, 2023).

Also, the legitimation of Novel Food Regulations can help overcome neophobia and scepticism
towards a novel food like cultivated protein. Due to their rigorous and comprehensive
authorization process they are able to provide this legitimation and feeling of safety about the
product (Reinhardt & Monaco, 2025).

By implementing tastings as part of ‘regulatory sandboxes’ consumer acceptance can be
improved. This is done when regulators and stakeholder lower the regulatory barriers while
ensuring consumer safety (Reinhardt & Monaco, 2025). This research looks at the effects of
regulations on an innovation system. It was found that the transparency and robustness of EFSA
does improve knowledge diffusion and legitimation, while the process of authorization blocks
entrepreneurial experimentation, resource mobilization and market formation (Reinhardt &
Monaco, 2025).

Regardless of progress in the cultivated protein industry since 2024, the consumer awareness,
interest and perceptions have remained stable since 2023. This also suggests that this barrier
needs some attention, to be able to build consumer awareness and acceptance for the product
in the future (Battle et al., 2025).

Innovation-specific institutions: Although multiple institutions like the Good Food Industry
(GFI), Cellulair Agriculture Netherlands (CAN) and many others are working towards the
formation of a strong network of institutions, the regulations are still the blocking barrier. The
complex authorization process that EFSA requires hampers market formation (Reinhardt &
Monaco, 2025). The government and European Union do not allow the selling of cultivated
protein in the EU or the Netherlands.

In 2024, the Court of Justice of the European Union decided on labelling of plant-based meat
alternatives. It states that Member States cannot prohibit the use of food labels that are
traditionally used in the animal-based products, yet it should not be misleading to the
consumers so the labelling must be clear and transparent (Tricou, 2024). As this was set out for
products containing plant-based protein, this also applies to hybrid protein. An example is the
Vegatarische Slager; de Nederlandse Voedsel- en Warenautoriteit (NVWA) decided using similar
words that describe conventional animal protein is not allowed for their alternative meat
products as that is misleading for customers (BNNVARA, 2017).

For plant-based protein, the main barriers are taste and price, while the benefits around health,
nutrition and sustainability are motivators for consumers to be likely to switch according to
research of the Good Food Institute in 2024 in the US. This research aligns with the European
market barriers, that have also been identified as price and taste. In Europe, the three most
important reasons for buying plant-based products were taste, health and affordability.

This same research identified six consumer segments in the addressable market; the types of
consumers that are open to plant-based protein. Table 8 gives an overview of these different
types and their share of the addressable market. Each of the types of consumers will require a
different strategy, making it useful to analyse what types of consumers there are in the market.
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Table 8: Different segments of consumers in the addressable market for plant-based protein products, for the US in

2024 (Good Food Institute, 2024).

Type of Sharein Reasons for Reasons wanting to Likeliness Reduced
consumer in addressable = openness to plant- reduce conventional toeatplant- amounts of
addressable market based protein meat or not. basedinthe conventional
market future meat *
Ethical 10% Care for sustainability =~ Usually already 81% 66%
Alternative and animal welfare vegetarian or vegan,
Seekers and are thoughtful or trying to reduce
about what they eat. conventional meat
intake.
Health- 18% Wanting to make Not willing to sacrifice = 60% 27%
Conscious better health choices. = on taste.
Compromisers
Nutrition- 10% Care for nutritional Part of their diet and 86% -10%
Focused value of their food and | culture.
Integrators for health and
sustainability issues
open to incorporate
plant-based more.
Protein 19% Value protein content Emotional 89% -6%
Maximizers of food, also if that attachment with
would be in plant- conventional meat as
based products. source of protein and
culture.
Carefree 19% Open-minded, but low = Stick with what they 66% -10%
Considerers familiarity know, conventional
meat is familiar
favourite.
Value-Driven 24% Are not convinceditis = Conventional meatis 29% -11%

Skeptics

a good choice, also
with the price and
taste in mind.

*a negative reduction, means an increase.

more natural and part
of their routine.

All consumer segments have reported to have added plant-based protein in their diet, but not all
reduced the amounts of conventional meat. Only the two segments Ethical Alternative Seekers
and Health-Conscious Compromisers have a portion of their segment that have reduced their
conventional meat intake.

The promising segments are the ethical alternative seekers, where 66% have reduced their
conventional meat intake and for 81% it is likely that they will eat plant-based products in the
future. Also, Health-Conscious Compromisers, Nutrition-Focussed Integrators, Protein
Maximizers and Carefree Considerers show significant likelihood of adapting plant-based
products in the future.

Analysing the influencing conditions

The influencing conditions that currently have a negative impact on the diffusion of hybrid
protein are the interesting conditions to delve into, as they are underlying causes of the building
blocks that are missing. There is a relation between the influencing conditions and the building
blocks, as not all influencing conditions have an effect on each of the building blocks. Table 9
gives an overview of this relationship.
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Table 9: Relation between the influencing conditions and the building blocks.

Influencing conditions Effect on lack of building block
Knowledge and awareness of technology Product performance and quality

Production price

Production system

Complementary products and services
Knowledge and awareness of application and market Complementary products and services

Customers

Innovation-specific institutions
Natural, human and financial resources Product price

Production system

Customers

Competition Production price
Customers
Macro-economic and strategic aspects Product price
Production system
Complementary products and services

Customers
Innovation-specific institutions
Socio-cultural aspects Complementary products and services
Customers
Accidents and events Product price

Production system

Complementary products and services
Network formation and coordination
Customers

Innovation-specific institutions

Knowledge and awareness of technology: The knowledge of the technology is present for part
of the stakeholders in the TIS, but specifically for the consumers it is not clear how cultivated
meat is produced and also a wrong perception of cultivated protein as it being unnatural or
unsafe are a result of this lack of knowledge. Another example is the lack of knowledge on how
to scale up the technology for large-scale production for an affordable price. Table 10 gives an
overview of what aspects are important for each of the stakeholders to understand and be aware
of and to what degree.

Table 10: Aspects that are important to the actors to be aware of. The technology includes the theoretical background
and the production system, the application includes the possible use and risks, and the relevance includes the
reasons why it is important for this product to diffuse. The scale of high, medium and low indicates respectively that
the stakeholder have a basic understanding, good understanding or perfect understanding of the aspect.

Actors Technology Application Relevance Expected
awareness level *

1 Knowledge creators, like universities High High High High

and research institutes
2 Start-ups and innovators High High High High
3 Established market players Medium High High High
4 Governmental bodies Low Medium High Medium
5 Customers Low Medium Medium Medium
6 Retail companies Low Medium Medium Medium
7 Media Low Medium Medium Medium
8 Society representatives or NGO’s Low Medium Medium Medium
9 Investors and financial institutions Low High High Medium

*average of the three aspects

For the TIS building block consumers, transparency was provided as one of the factors that
would be beneficial for customer acceptance. Besides that, it will help provide the knowledge
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and awareness of the product to potential customers and other stakeholders if the research,
start-ups and government is transparent around the development of the hybrid protein.

Knowledge and awareness of application and market: The consumers are again not aware of
the application, the benefits, the use or safety of the product in the market. Even though a
product might be promising, in terms of quality, price and all the other building blocks, if the
customers are not aware of how it can be beneficial for them, it will not diffuse on large-scale.
Also, for stakeholders in the supply chain this might be an issue, where they might not see the
application possibilities of the product and thus, they might not contribute to the supply chain in
a way it can be diffusing on large-scale. The same is true for investors or governmental bodies,
that might not see the relevance and possible applications of the product, resulting in
uninformed decision making.

Also, for this influencing condition, the awareness of the application in the market of hybrid
protein can be spread through transparent communication, specifically about the relevance and
application of the product.

Macro-economic and strategic aspects: The macro-economic landscape has been rough,
with rising inflation, uncertainties leading to less risky investments, results in start-ups having to
make strategic decisions (Mridul, 2025). This influences the way financial decisions can be
made and the amount of fundings and investments that are available. A more stable macro-
economic landscape could lead to more investments and fundings, creating more opportunities
for growth of start-ups in this field. There is also a need for both public and private investments.
While public investment is put towards basic research, private investment is usually more put
towards commercial application, which is exactly what this industry needs (Glaros, 2025).

Socio-cultural aspects: The way meat consumption is embedded in many cultures is a barrier
for the substitution of meat. When developing substitutions for conventional meat, an important
factor is how deal with the cultural integration. Not only consuming meat is a significant part of
many cultures, also the preparation and cooking of meat is a tradition that is embedded in
cultures around the world.

Accidents and events: The recent developments around the plan to ban labelling plant-based
products with conventional meat derived names, results in another barrier that makes new
products more difficult to be accepted or integrated. Also, for existing products that are using
these names, they will have to redesign and market their products.

Typical barrier points in diffusion pattern

There are different combinations of building blocks and influencing conditions, or barriers and
its causes, that result in different niche introduction strategies. Ortt & Kamp have not specified
all niche strategies for each combination, but do point out that there are combinations that are
more likely to occur than others. With this in mind, it is also likely that most barriers happen at
certain points within the pattern of diffusion. Figure 8 shows where in the building blocks
typically are located.
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Figure 8: Visual representation of the typical phases the different TIS building blocks are located (dark blue). The
building blocks can still occur during the whole pattern, yet these points are typical points of occurrence.

The different building blocks all can be a hampering factor throughout the pattern, however,
during the first stage of the innovation and development it is more likely that ‘product
performance and quality’, ‘production system’ and ‘complementary products and services’ are
factors that block the innovation to go to the next phase. After the first market introduction, in
the market adaptation phase, the building blocks ‘product price’ and ‘customers’ become
factors that are blocking the growth of the innovation. At this point, the customers are needed to
diffuse on a larger-scale, and also price can only be fair and low if itis being produced at a
certain scale. Then later on when there are customers and a fair pricing system, the last two
building blocks ‘innovation specific institutions’ and ‘network formation and coordination’ are
usually the factors blocking the innovation from large-scale diffusion. It can be the regulations,
government or supporting institutes that are not present.

The building blocks that are currently still lacking, are the building blocks that occur mostly in
the second and third stage, and only production system is from the first phase. A logical
reasoning would be that by resolving the production system, a lower price can be reached,
attracting more consumers, and only when regulations are allowing the selling of cultivated
protein, the large-scale diffusion can happen.

Conclusion — barriers for hybrid protein diffusion

The building blocks that are currently missing are the ‘production price’, ‘production system’,
‘network formation and coordination’, ‘customers’, and ‘innovation-specific institutions’ and the
influencing conditions that are negatively impacting large-scale diffusion are ‘knowledge and
awareness of technology’, ‘knowledge and awareness of application and market’, ‘macro-
economic and strategic aspects’, ‘socio-cultural aspects’ and ‘accidents and events’. Figure 9
gives a visual overview. These form the barriers that are blocking hybrid protein from large-scale
market diffusion.
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Figure 9: Current lacking building blocks and influencing conditions.
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Chapter 3: Strategies to overcome barriers in the hybrid products

“What strategies can be applied to overcome those barriers?”
- MSc Management of Technology

Prior to large-scale diffusion, about 80% of the new high-tech products are introduced in niches,
which are small markets where the innovation has a niche application and is developed through
incremental and radical innovations (Ortt, 2013). This niche is a ‘small, protected spaces where
the mainstream pressure from the market or other regulatory forces is lower’. Gradually these
innovations become more important and take over the dominant socio-technical regime
(Hermans et al., 2012).

This niche application has a fundamentally different application than the large-scale products
that emerge later. These applications have a small group of customers that demand specific
wants in a product. The definition of early niche is ‘the niche application that emerges in the
adaptation phase prior to industrial production and large-scale diffusion of a new high-tech
productin a mainstream application’ (Kamp et al., 2018). There is however also another
definition or viewpoint on how to explain a niche. It does not necessarily have to be a market that
is being formed, it can also be a network that is formed prior to market-introduction that is called
the niche, in which the same vision is shared and common goals are worked towards.

Different niche strategies

Niche strategies are often referred to as an important step to commercialize new innovation. It is
a strategy to circumvent a barrier that prevents the innovation of large-scale diffusion. However,
as it was not clear in literature how to distinguish different niche strategies and how to select a
strategy that suits a situation, Ortt et al. published a model that aid to select the appropriate
niche strategy based on historical cases to identify which niche strategies have emerged.

The different niche strategies are a combination of the missing building blocks and the
influencing condition that result in that missing building block. Some strategies circumvent a
conditions or causes that results in a barrier, other strategies circumvent the barrier itself. What
the cause of the lack of a building block is determines what strategy is required to overcome this
barrier. Table 11 gives an overview of the ten different niche strategies that have been identified
by Ortt et al. Most of the niche strategies are applicable to multiple situations.

Table 11: Overview of the different niche strategies that can be applied for market introduction, where the combination
of the different missing building blocks and influencing conditions result in a specific niche strategy (Ortt et al., 2013).

Niche Building block Influencing Description of niche strategy

Strategy missing conditions

Demo, Quality Knowledge of Demonstrate productin publicina

experiment technology controlled manner, so the limited quality

and develop is not a problem. Further develop the

niche productin a research environment.

strategy

Top niche Price Knowledge of Produce hand-made products for a

strategy Quality technology specific top-end market in small
Resources numbers. A skimming strategy can be

used where the top niche of customersis
supplied first with special product.
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Subsidized
niche
strategy
Redesign
niche
strategy

Dedicated
system or
stand-alone
niche
Strategy

Hybridization
or adaptor
niche
strategy

Educate
niche
strategy

Geographic
niche
strategy

Lead use
niche
strategy

Explore
multiple
markets
niche
strategy

Price

Price
Customers

Complementary
products and
services

Complementary
products and
services

Customers

Institutional
aspects
Complementary
products and
services
Customers
Customers

Customers

Knowledge of
technology

Resources

Knowledge of
technology
Knowledge of
application

Resources
Institutional aspects
Socio-cultural aspects

Knowledge of
technology

Knowledge of
technology
Resources

Knowledge of
technology

Knowledge of
technology

Resources
Socio-cultural aspects
Institutional aspects
Accidents

Knowledge of
application
Socio-cultural aspects
Macro-economic
aspects

Accidents

Knowledge of
application

If the use of the product by a particular
segment is considered socially relevant,
the product can be subsidized.
Redesign the product to a simpler
version of the product requiring less
knowledge and resources that leads to a
lower price, or explore an application
where the institutional aspects are more
favourable or the customers have less
resistance.

Use the productin a stand-alone mode
or design a dedicated system of
complementary product and services.

Combine the use of the old product with
the new product, so the complementary
products and services can be reused, or
make the product compatible with the
existing complementary products and
services.

Knowledge can be supplied to suppliers
as a strategy or educate and experiment
to increase customer knowledge.

Relocate to an area where the
institutions are easier to arrange,
resources, suppliers and customers are
available or no unexpected events or
accidents happened.

Find lead-users with whom co-
development can be done and
innovators that are willing to experiment
with the product.

Explore multiple customer applications,
where the visibility of the first application
might stimulate other applications.

Not for all combinations of missing building blocks and/or influencing conditions there is a niche
strategy. This has to do with two factors, one being the complexity of a certain situation. A
strategy can only be designed if it can circumvent a certain set of causes and barriers. If this set
of barriers is too large, the variety of different combinations becomes too large, making it

difficult to say beforehand what influencing conditions influence what barriers. This variety is
too large, making the situation too complex to solve with strategies like described in Table 11. If
this is the case, this framework is not relevant to the situation as it cannot provide a fitting

strategy.
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Also, this complexity of a situation can mean that no market-introduction strategy can be
proposed yet as the innovation is not at the right timepoint. Too many barriers also indicate that
the innovation is not ready yet for market-introduction. Strategies to overcome one of the
barriers without market introduction can be developed in further research. Further research can
look into building up strategies, that come before the market-introduction strategies.

Secondly, the barriers are not independent variables, but they are linked to each other, where
solving one barrier can result in solving another barrier as well. Think of production system and
price, when the production system is able to produce on a larger scale, that might mean the
prices can be lowered or regulations that are keeping the other barriers from being overcome. It
is mentioned that even though that is the case, still we should think about the next barriers as
well and how to tackle them once the regulations allow the innovation to enter the market.

As the barriers are sequential or connected, the framework with strategies can be used, even in
complex situations, where a subset of strategies can be applied, to overcome barriers one by
one making the situation less complex.

Insight from expert interviews: Sequential barriers

That the barriers are not independent variables has been confirmed during expert interviews. It
was mentioned that barriers can be sequential problems. If one barrier has been overcome, the
other barriers can be solved. For example, regulations are the barrier that first are required to be
overcome, before other barriers can be. Quotes from interviewees |11 and 12 are supporting this:

“I think there are multiple big challenges, but there is some sort of sequence in there.” - |1

“[Talks about different barriers] .. but | would say the regulations and market-introduction come
first. They are not the only barriers, but they are the first.” - 11

“Obviously the biggest barrier is that these cellular agriculture products are still restricted to be
used in the European Union, by the Novel Food regulation and then, if they would become
available, it is the question how expensive or how cost competitive can they be?”- I2

“Approval does not directly lead to scaling, but it is a prerequisite to see if it is scalable, how we
can produce it, in what forms and for what price to see if there is acceptance from consumers.” -
11

Specific niche strategies for hybrid protein case

The “redesign niche strategy” resembles the strategy that has been applied to plant-based
protein products and can be applied to cultivated protein as well. This strategy aims to
circumvent the barrier ‘price’ and ‘customers’ and influencing conditions of either ‘knowledge of
technology’, ‘knowledge of application’, ‘resources’, ‘institutional aspects’ or ‘socio-cultural
aspects’. The idea of combining cultivated protein with plant-based protein resulted in a hybrid
form that can be seen as a redesigned product. Not only does this redesign lower the production
costs, but it also poses benefits regarding the nutritional features that can be customized per
product, and it provides opportunities to improve the product on sustainability. The hybrid form
can have added value in terms of marketing as well, where the argument of having an
opportunity for easier intake of extra vegetable without having to change the diets drastically
(Good Food Institute, n.d.).

37



The strategy of “demo, experiment and develop” is what is currently being used on the cultivated
protein products, for example in the Netherlands with the tastings, that act as a controlled
environment of demonstrating the product.

As has been identified in Chapter 2, the barriers hybrid products are facing are ‘production
system’, ‘network formation and coordination’, ‘innovation-specific institutions’, ‘price’ and
‘customers’. And the influencing conditions are ‘knowledge of technology’, ‘knowledge of
application’, ‘macro-economic aspects’ and ‘accidents’. Following Table 11, multiple strategies

can be fitting for the next stage; “top niche strategy”, “subsidized niche strategy”, “redesign
niche strategy” and “geographic niche strategy”.

Strategies lacking responsibility

As innovators are aiming to solve societal challenges, they have more responsibilities than that
is legally required of them, they have social and moral responsibilities. The strategies that are
focussed on introducing innovation on the market, are the first step of these innovations to be
introduced in society. RRI has been focussing on enhancing the social embeddedness of
innovations, to make sure the impacts of the innovations can be anticipated and reflected on
and the innovation can be adjusted in response to these considerations. The four main pillars of
RRI are inclusion, anticipation, responsiveness and reflexivity and they describe what is
important for an innovation to be responsible. The TIS framework lacks this responsible
perspective, but does provide the strategies for market-introduction. The meta-responsibility
framework does have this responsible viewpoint, and helps allocating responsibilities and
identifying conflict of interests. If the market-introduction strategies were to be responsibly
assessed and adapted, a more inclusive and responsible innovation market-entry will be the
results. In the long run, this means more an innovation that is aligned with values and needs,
ensuring inclusivity, producing a more sustainable sector.

Currently the strategies are proposed based on the output of the TIS framework to eliminate the
barriers to market-introduction. However, it is not taking into consideration what it can imply in
terms of consequences. The strategies only state how to introduce the innovation to the market,
by trying to circumvent the barriers, without descriptions or details on how to apply that strategy
responsibly (e.g. safely, without harming other actors, taking the future into account). For
example, the “demo, experiment and develop niche strategy” describes how an innovation that
is still lacking quality (building block) due to lack of knowledge on the technology (influencing
condition) can be demonstrated in public in a controlled manner and further developed in a
research environment. This strategy does not specify what the definition of quality is and what
the minimum required ‘quality’ of the product must be. Does quality mean the exterior features,
the user-experience, or the safety? For this strategy to be responsible, there should be a clear
description of what is meant by quality and what the requirements are for a product to be
demonstrated in a controlled environment to the public.

This framework and strategies also assume that introducing an innovation to the market is a
responsible choice. However, it can be argued that the decision of introducing an innovation to
the market is a responsibility in itself. The choice of introducing the innovation to the market can
have wide effects, both on direct and indirect stakeholders, ranging from stakeholders closely
related to the innovation, to actors that are not directly linked to the innovation. In other words, it
is not only about how to introduce an innovation to the market responsibly, or which strategy to
use, itis also about at what point in time and even whether to introduce an innovation at all, that
requires conscious choices that need to be made by an innovator.
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The perspective is taken where an innovation is at a timepoint right before market-introduction.
This being said, there is a timeframe before and also after market-introduction where important
decisions can be made that the innovator at the timepoint of introducing to the market has no
influence on. For example, the stage before market introduction in the value chain,
governmental regulations can result in support of hybrid protein products, venture capital trends
can result in access to venture capital in a certain network, already existing food safety
frameworks decide how the products are being tested and what is entails for a product to be
safe. Also, in the stage after market introduction, there are influences that the innovator is not
responsible for but are able to shape the adaption of the product. For example, the way retailers
choose to make the appearance of the product, how media frames the products or how
competitors choose to behave and react to the new products. The strategies proposed in this
thesis are focussed on the market-introduction phase as depicted in

Figure 10.

This means that before and after the stage of market introduction, decisions can still be made
that can influence the process but are not taking into consideration with the strategies.
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Figure 10: Period in the pattern of diffusion where the strategies are focussed on; market-introduction. Before and after
this time frame also important decisions are made, and responsibilities are present.

Conclusion — a need for responsible niche strategies for hybrid products

Based on the outputs of the TIS framework, so the barriers that are the missing building blocks
and the influencing conditions that are the causes of this barrier, niche strategies can be
formulated that aim to circumvent the barriers. These strategies are aimed at market
introduction. It was found in expert interviews that the barriers can be sequential, where one
barrier should be tackled first, before it is effective to work on the other barriers. For example,
regulations must allow the selling of cultivated protein, before other barriers like customer
acceptance and price can be tackled.

From the TIS framework, the proposed strategies that can be applied are the “top niche
strategy”, “subsidized niche strategy”, “redesign niche strategy” and “geographic niche strategy”.

Also the “redesign niche strategy” and “demo, experiment and develop strategy” are being
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applied already. These strategies do however lack a responsible viewpoint that is needed to
make long-term sustainable innovation happen.

Chapter 4: Responsibility of actors

“How to systematically identify and classify innovator's responsibilities to support responsible market
introduction strategies?”
- MSc Life Science & Technology

Responsibility can be defined in the most broad sense as ‘a duty to be in charge of someone or
something, so that you make decisions and can be blamed if something bad happens’, or
‘something that you must do as part of your job or duty’, or ‘something that you ought to do
because it is morally or socially right’ (Pearson, 2025). Companies and institutions hold wide
responsibilities in society. They have economic obligations, legal obligations, but also social and
moral responsibilities that is required of them (Sonck et al., 2019). A different focus of
responsibility has emerged in the field of research and innovation (R&l) that focussed on ‘social
embeddedness’ called Responsible Research and Innovation (RRI) aiming to promote
responsibly conducting innovation. RRI takes into consideration four main pillars; anticipation,
deliberation, reflectiveness, and responsiveness (Genus & Stirling, 2017).

The meta-responsibility framework

The RRI framework lacks a systematic approach to both describe, inventories, and manage the
different responsibilities that actors hold in companies and society. Therefore, the meta-
responsibility framework was developed by Sonck et al. in 2019 to be implemented in corporate
R&l and it helps to operationalize the theoretical elements of responsibility in R&l in practise.

The framework is built up from the concepts of Pellizzoni, that itemized responsibilities into four
different types: care, liability, accountability and responsiveness. It conceptualized these types
on the basis of two facets, imputation and justification. Figure 11 shows the visualized
framework with the different concepts.

Liability

Forward- Imputation Backward-
looking looking

Responsiveness Accountability

Figure 11: Visualization of the meta-responsibility framework (Sonck et al., 2019)
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Imputation

Imputation is visualized on the horizontal axis, ranging from forward-looking to backward-
looking responsibility. It refers to the event of tracing an action back to its origin. Forward-looking
responsibility is driven by the aspiration to improve the current stage of affair, and if that fails try
to do better next time. Backward-looking responsibility is driven by retrospective evaluation on
the possible harm (or benefit) caused by the action (Sonck et al., 2019). Care and
responsiveness are on the forward-looking side, while liability and accountability are on the

backward-looking side.

Justification

Justification is visualized on the vertical axis, ranging from receptive to assertive. It refers to how
to justify acts in light of high uncertainty. In assertive justification, it is known what is wrong or
right. This is the case with clear moral norms and values. In receptive justification it is less clear
what is right or wrong, for example in cases of high ambiguity, uncertainty or moral complexity.
In practice this implies that in some cases a responsibility can be allocated in a straightforward
manner, while in other cases, a responsibility cannot be allocated easily and should be explored
based on context, dialogue and re-evaluation. So, for assertive justification, the responsibility is
clearly linked to standard norms, while for receptive justification, the responsibility should be
explored and evaluated. Responsiveness and accountability are responsibility types on the
receptive side, while care and liability are on the assertive side.

The four types of responsibilities

The meta-responsibility framework uses the work of Pellizzoni that itemized responsibilities into
four types; care, liability, accountability and responsiveness. These four types all fallin a certain
grid in the framework. Table 12 gives an overview of the characteristics of each of the four
responsibilities. By mapping out the responsibilities that each of the actors in the TIS context
have in the framework, the dynamics of the responsibilities can be identified.

Table 12: Overview of the types of responsibilities including the classification of imputation, (forward- or backward-
looking) and justification (assertive or receptive) that leads to the responsibility class.

Type of Imputation

responsibility

Care Forward-
looking

Responsiveness = Forward-
looking

Liability Backward-
looking

Accountability Backward-
looking

Justification

Assertive

Receptive

Assertive

Receptive

Description

Knowing what is good or bad and
acting upon it to improve current
state to reach this outcome.
Reflection on what is right and
desirable while improving the status
quo.

Compliance with society’s rules that
are known to be right and avoid
harms and risks.

Contemplation of what would be the
right thing to do according to one’s
knowledge at the time and focus on
the expected impact of that action.

Example of hybrid
protein

Environmental footprint,
avoid misleading
claims.

Changing the product,
communication, pilots
based on stakeholder
feedback and emerging
evidence.

Compliance with Novel
Food regulations,
labelling requirements
and safety standards
Documenting decision
rationale under
uncertain situations.

The different responsibilities elements are intertwined, where forward- and backward-looking as
well as receptive and assertive aspects can co-exist. This can both be resulting in tension or
synergies, but also trade-offs. The research of Sonck et al. concluded on three major dynamics
between the responsibility elements, namely the accountability-responsiveness, care-

41



responsiveness and liability-responsiveness dynamics. These three combinations were found
iteratively in their empirical studies as most common, but this does not eliminate the possibility
of other combinations to occur. The three most common ones will be discussed:

The dynamic accountability-responsiveness covers the balance between risk-taking and
being precautious under uncertain conditions. The managing approach suggested describes
that for the accountability part, uncertainties must be mitigated by knowing the impacts before
decisions are made. For the responsiveness part, it is suggested to learn about and address
impacts while doing (Sonck et al., 2019).

The dynamic care-responsiveness covers the balance between doing what is right, while not
yet knowing what the impact of the innovation will be. The managing approach suggests acting
with care based on knowing what is right, and in a responsive way actively (re)asses what the
rightimpactis. It helps to broaden the scope with regard to the impact the innovation makes
(Sonck et al., 2019).

The dynamic liability-responsiveness covers the balance between acceleration of novel
innovations while at the same time safeguarding the own area of operation. It describes the
dynamic between power asymmetry that results in a competitive advantage, while at the same
time aiming for transparency and openness that results in lack of control and sharing of
information. The managing approach suggests that for liability oneself should be protected, and
for responsiveness there should be openness and dialogues to achieve joint goals (Sonck et al.,
2019).

The meta-responsibility framework therefore sheds light on three dynamics: balancing risk and
precaution, exposing and addressing concerns about the goals and impact of innovation, and
accelerating sectoral transition whilst securing one’s own competitive advantage (Sonck et al.,
2019). When adopting this framework in the early stages of the development of an innovation, it
can help the trajectory by identifying systematically what the different responsibilities and how
to balance between them.

In the context of high uncertainty as well as high levels of innovation, responsiveness is found as
the most dominant responsibility. For responsiveness an open process is required and adaptive
learning should be implemented. More theoretical insights on responsible innovation and
responsiveness can be found in the Master Life Science and Technology report.

Responsibility in the pattern of diffusion

First off, it is important to point out that all four elements of responsibility are encountered
during the pattern of diffusion. One element can be more relevant than the other at certain
stages, but all elements are to be considered at each stage of the pattern.

The meta-responsibility framework is designed with the perspective of uncertainty in mind. It
acts as a tool of how to manage responsibility in high uncertain situations. Early-phase R&l is
characterized by high uncertainty. So, in the first stage of the pattern, during the development of
the innovation, this framework is an useful tool to map out and inventories the responsibilities.
Sonck et al. also point out that in the early phase of the development of an innovation, the
occurrence of forward-looking practices is logical.

For example, during the innovation phase the forward-looking responsibility care is important.
The development should be designed with care and there should be room to anticipate the risks.
During this phase, frameworks like Responsible Research and Innovation (R&I) as well as Value
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Sensitive Design (VSD) are useful. Also in the first phases, accountability is important, which
can be taken in the form of deliberation or inclusion of stakeholders (Besti et al., 2018).

More than ever in the market introduction phase, the responsibility of responsiveness is
required, where the innovators and producers must respond to the market behaviour and initial
feedback. During the market adaptation phase, the responsibility of accountability becomes
more formal, as regulations, standards and best practices are formed. However, as the
technology becomes less flexible, responsiveness is harder, while still important. In the last
phase of market stabilization, liability and accountability are one of the responsibilities, with
formal and institutionalized regulations. At this point, there is an aspect of care, specifically
looking backwards, that touches the surface where it should be analysed whether the right
responsible decisions were made prior in the process. Again, this comes back to the argument
about the intentions of the development of an innovation that should be monitored throughout
the innovation trajectory. The case specific responsibilities over time will be further elaborated
on in Chapter 6.

The actors who have to take more responsibility also shifts during the pattern, from individual
innovators and companies in the first three stages, to larger institutions, corporations and
governments during market stabilization, as the level of involvement differ per actor across time.
The combined proposed framework aims to propose a structured manner of allocating
responsibilities of an actor.

Conclusion — Need for framework for responsible strategy design

The TIS framework is designed with a company perspective in mind, providing a tool to design
suited strategies that will result in sustainable market introduction of the innovation, with the
aim of spreading the innovation and eventually resulting in large-scale market diffusion.

Here, sustainable market introduction is defined as economic sustainability. In principle, the
only way for an innovation to survive on the market, is if it is economically sustainable. That
means economically viable, or even profitable. It is to a lesser degree focussed on the social and
environmental sustainability that are the two additional layers that are the foundation of
sustainability. Also, in sustainability literature and bio-economy literature, the social dimensions
of sustainability are least prominent (Janker and Mann, 2018)(Ferreira et al., 2022).

When considering sustainable innovation, sustainability is defined as ‘meeting the needs of the
present, without compromising the ability of future generations to meet their own’ (Brundtland,
1987). It considers the social, environmental and economic impacts of actions and decisions
taken today. Therefore, the TIS framework requires further development where the focus on
social and environmental sustainability is increased. Also, a more responsive viewpoint should
be taken, instead of the responsible innovation only. In the context of high uncertainty that is
present in innovation, the dominant responsibility is responsiveness and should be included in
the design process of finding market introduction strategies more explicitly.

By combining both the strategies from the TIS framework with the insights from the meta-
responsibility map, the strategies can be adapted towards a responsible niche introduction
strategy that takes into account the different types of responsibilities.
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Chapter 5: Development of responsible market introduction strategies

“How to integrate responsible innovation principles into strategies for overcoming market introduction or
diffusion barriers?”

- MSc Life Science & Technology

- MSc Management of Technology

The Triple Bottom Line, or the 3P’s, describes essential factors for organizations or businesses to
achieve long-term and successful societal impact; People, Planet and Profit. Or in other words,
social, environmental or economic sustainability. The TIS framework mainly focusses on
economic sustainability. That is the factor that eventually does determine whether or not an
innovation can be successful, with social and environmental sustainability but a lack of
economic sustainability, the innovation cannot be long-term sustainable. Also to contribute to
the challenges of climate change and health threats, the food system requires to re-orientate its
focus to go beyond productivity and cost-effectiveness. It should go towards social justice,
sustainability and resilience (Timotijevic et al., 2021). So, the TIS framework focusses on the
economic sustainability, and therefore lacks social and environmental responsibility viewpoints.
There the meta-responsibility framework can add value of including a broader viewpoint and
longer-term mindset in the TIS framework.

As responsibility can entail a wide range of different applications in different contexts, Ceicyte et
al., proposed a framework that divides responsibilities in three elements: legal, contractual and
moral responsibilities. The legal responsibilities are based on laws and jurisprudences, whereas
contractual elements are based on obligations that are set in agreements between stakeholders
and moral elements are based on norms in value systems and cultural context (Ceictye et al.,
2021). They argue that within RRI the focus is mainly on moral responsibility elements, but also
legal and contractual elements should be included when responsible innovation is desired.

Both the TIS framework that has a focus on the economic sustainability and the RRI framework
that focussed mostly on the moral responsibilities show the lack of an inclusive, all-round
framework that focusses on the different types of sustainability following the 3P’s, but also the
different types of responsibility.

Challenges of allocation of responsibilities

Assigning responsibility can be difficult, especially in multi-actor, complex situations where
different actors are collectively working towards a common goal. Even though responsibilities
seem of individual character, they are of networked character (Timmermans, 2017). The problem
of many hands describes the issues that arise with allocating or assighing responsibility, when
actions are intertwined and individual contributions may not solely be responsible for the
outcome. This problem of many is hands is specifically focussed on moral responsibility (Van de
Poel et al., 2015). Especially when there are lengthy and (geographically) fragmented networks
that involve multiple actors, there is little joint areas of interaction and thus little joint
commitment. The result of this phenomenon is that for unintended impacts, there is not a clear
responsible actor (Sonck, 2023). Especially the food system is governed via international and
national agreements, regulations and approaches, going beyond the Netherlands as a country
with its own regulations. This increases segmentation and fragmentation even more (Timotijevic
etal., 2021).

Governance implies allocation of responsibilities. In the food system, networks need clarity
about how responsibility is conceptualised and enacted (Timotijevic et al., 2021). There are four
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reasons why the allocation of responsibilities is difficult in multi-actor situations. The first two
are related to actors being unclearly defined that takes responsibility of an object. This can
either be because of the overlap of responsibilities when processes intertwine, or because there
is a lack of authority that demand accountability when the impact is either indirect, in a later
stage or wider. The third reason is when normative goals are prioritized and understood
differently between the actors in the value chain due to shortcomings in interaction. So, this
means there is normative uncertainty. And lastly, as the norms and regulations are
institutionalized based on the existing value chain, it can be inconsistent with new opportunities
as that brings new risks and ways of working with it. This uncertainty in regulations can therefore
result in unclear norms and responsibilities for the new innovation (Sonck, 2023).

Additionally, allocating accountability is generally perceived as easier when actors are closer to
each other in the value chain. Further up or downstream the value chain, or when there are
broader impacts, the roles are more difficult to be distinguished and the responsibilities also
become less obvious, as more actors are involved and the interaction between the actors is less
frequent or even present at all (Sonck, 2023).

Innovation in high uncertainty

The Collingridge dilemma of control describes the challenge that new technologies and
innovation face regarding the balance between the amount of controllability and knowledge. It
describes that in the early development stages of an innovation a technology can still be shaped
and controlled to a larger degree, but the consequences and effects of the technology on its
users or society are not yet known. On the other hand, at a later stage where the effects become
evident and choices have been made, the knowledge might be there but it becomes more
difficult to regulate and control the technology (Genus & Stirling, 2017). The technology is then
part of the economics and integrated into society, that controlling and changing itis difficult
(Collingridge, 1980). So over time, the amount of control decreases, while the amount of
knowledge and predictability increases. There is a crossing-point at which is pointed out as the
ideal area of invention, where the amount of control and knowledge is in balance (Besti et al.,
2018).

Figure 12 gives an visual representation of what the dilemma imposes. This dilemma is linked to
the uncertainty of innovation and the difficulty of allocating responsibilities, as at a certain point
in time, there was less knowledge about consequences and impact.

Predictability

technology o : technology
1 n

IDEATION ceessassassenss ADOPTION

Figure 12: The Collingridge dilemma of control. Over time, when developing a technology, the controllability
decreases, while the implication become more predictable (Besti et al., 2018).
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As can be seen in Figure 12, consideration can be made during the innovation trajectory. In the
early stages there is more controllability or corrigibility. Here corrigibility can be seen as a form
of responsiveness as it can result in the change of a direction in response to feedback of
stakeholders, changing circumstances or public values (Genus & Stirling, 2017). Collingridge
also describes other strategies besides corrigibility that can overcome the barriers to control a
technology. Those strategies include (1) keeping options open, (2) increasing the insensitivity of
performance of the technology to error, (3) escaping the ‘hedging circle’, (4) enhancing
controllability, (5) managing entrenchment, (6) reducing dogmatism of experts and (7)
minimizing the diseconomies of scale (Genus & Stirling, 2017).

Collingridge also argues that responsibility should be embedded in an emerging technology or
innovation, which can be achieved in the form of improved reflexivity among researchers and
also include upstream engagement. Reflexivity means that the opinion of the researcher and
other stakeholders keeps being examined to be aware of the influence that can have on the
research. Collingsridge calls this a key quality for inclusive deliberation (Genus & Stirling, 2017).

Effects of responsibility in innovation process

Similarly to regulations that can form a barrier for the innovation process (Reinhardt & Monaco,
2025), responsibilities can also result in friction in the process. Primarily this is related to the
short-term speed limitations and transaction costs, as more research, stakeholders input,
governance, and considerations are required to be made. Having to identify, analyse and
manage the different responsibilities can slow down the process as well as the decision-making
that is more complex in this situation, especially in the beginning. Also, broader considerations
can be a constraint to certain ideas, where originally problems were not identified that are now
becoming visible. Therefore, it can be argued that it might limit the options during the design
process.

Proper regulations analysis does however result in the reduction of risks, as more complete
considerations and decisions are made. This can be compared to the speed limitations that
safety and impact analysis have. For example, EFSA and the European Parliament form a limiting
factor that effects the speed to market, as their assessment take time and possibly shed light on
new risks. They might form a barrier in the speed of the innovation process, however their
purpose to ensure safety weighs heavier. Once this assessment is done, the innovation can
more safely be presented on the market, resulting in risk reduction longer-term. Also, the
decision-making might be hampered in the beginning stages by the regulatory environment, it
does however prevent problems later on in the process if risk assessment and safety insurance
is not done correctly. Therefore, there is certain balance and decisions that can be made what s
more important in an innovation process, is it speed, or certainty of safety.

The absence of clear responsibility aspect in the TIS framework can result in unforeseen
consequences when implementing the resulting strategies from the framework. It also does not
include substantial considerations of future impact of the strategies and the consideration of
what responsibilities each of the stakeholders hold. There can be unintended consequences,
despite the intentions; however, there is always someone responsible for the consequences,
despite good intentions. Adding responsibility into the innovation process leads to stakeholder
engagement, making it an interactive process where involved actors and the innovator respond
to each other about different concerns like sustainability, social desirability and acceptability.
The aim of this is to make sure the successful acceptance and adoption of the innovation by
society (Von Schomberg, 2013). Also, adding a responsible viewpoint to the innovation process
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does in fact not slow the process down, it helps design the innovation in a future-proof
approach, where risk anticipation is done more thoroughly and stakeholders are involved in the
process and taking into consideration effecting in less problematic situations along the way. This
longer-term risk reduction results in better legitimacy, fewer downstream delays, and fewer
crises. Itis argued here that the safety and proper regulations is more important than speed in
this process and the safety assessment and regulations can even provide more certainty for
longer-term sustainability and success.

Including responsibility in framework

Both the TIS framework and the meta-responsibility framework portrait elements that are crucial
for the development and design of cultivated protein products. The TIS framework aims to (1)
identify barriers to large-scale market diffusion and (2) provides strategies to overcome these
barriers and achieve market introduction leading to large-scale diffusion. The meta-
responsibility framework helps to manage and allocate the different responsibilities that R&I
units have in both the company and further in society. What both frameworks have in common is
their focus, which is R&l. They are both focussed on improving the introduction of innovations,
but the TIS framework lacks a viewpoint of responsibility that the meta-responsibility framework
clearly offers. The meta-responsibility framework distinguishes four elements of responsibility,
both with an imputation and justification outlook. Making a distinction in these four types of
responsibilities helps with tackling the problem of many hands. The receptive and assertive
distinction of justification concedes that innovation is inherently uncertain and the impact
cannot be anticipated fully beforehand. It explains that uncertainties cannot be completely
eliminated before an innovation is introduced to market. This also explains that from an
imputation viewpoint, it is difficult to pinpoint back the responsibilities of indirect social
impacts.

Both the TIS framework and the meta-responsibility framework provide relevant input for
responsible market introduction strategies for innovations. The TIS framework provides a basis
for the strategies to be utilized, the meta-responsibility framework provides insights in what
conflicts there are between responsibilities and thereby provide starting points of thought about
the current strategies. These insights help the user adapt the strategies or add on to the
strategies to make them comply more to the responsibilities. So, by combining the two
framework the responsibility in the design increases. The proposed new framework is named the
Responsible Market Development (RMD) framework.

Figure 13 gives a visual representation of the combination of the two frameworks over the axis of
the pattern of diffusion.
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Figure 13: The Responsible Market Development (RMD) framework, combining the TIS framework and the meta-
responsibility framework on the pattern of diffusion.

The Responsible Market Development (RMD) framework

The RMD framework is designed in two stages, the TIS framework application in stage 1 called
the ‘Strategy identification’ (steps 1-4) and the meta-responsibility framework application in
stage 2, called ‘Responsibility creation’ (steps 5-8). Step 9 is the combination of the outputs of
the two frameworks. Before these stages can be entered to apply the frameworks, a prior step
should be taken.

Process flow of RMD framework

First, the identification of the point in time should be done. Only if the innovation is at the stage

before market introduction and large-scale diffusion, the TIS framework is relevant, and thus
that is the constraint check that has to be done. If an innovation is too early in the process and

not ready for market introduction, too many building blocks are missing. The building blocks are
not independent variables, and it occurs that solving one building block results in the presence

of the other building blocks. Using the TIS framework too early in the process mightresultin a
large number of missing building blocks and influencing conditions causing that, that makes
designing an useful strategy difficult. The steps in the workflow of the RMD framework are
described below. The steps of stage 1 are described in Figure 14.

Analyse what
influencing
conditions are
causing the lack of
presence of the
building blocks

Identify TIS Analyse
context presence of

Combination of the
building blocks and the
causing influencing
conditions lead to one
or more strategies

(actors, building blocks
networks and (among TIS
institutions). actors).

Figure 14: Workflow of stage 1 ‘Strategy identification’ by applying the TIS framework.
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Step 1: In the first step, the general TIS context is analysed to get a clear picture of the actors,
networks and institutions involved. Here a complete list of types of stakeholders with the
relevant actor is in the case should be set up, evaluating their values and in what type of relation
they act related to the other actors. Once this context identification is done, the two frameworks
can be applied.

Step 2 & 3: The second and third step is to apply the TIS framework. The TIS building blocks and
influencing conditions are analysed among the TIS actors. Identify which building blocks are
currently lacking in the TIS context, and identify what influencing conditions are the cause of this
missing building block.

Figure 15 provides an overview of the TIS framework by Ortt and Kamp. This describes the
influencing conditions on the left column, followed by the TIS building blocks in the second
column and based on the combination of lacking building blocks and the influencing condition,
a proposed niche strategy is provided.

Influencing conditions TIS Building Blocks

Knowledge and awareness of Product performance
technology and quality

Knowledge and awareness of

Product price
application and market

Proposed
Natural, human and finanical Production system strategy based
resources on building
block and
" Complementary influencing
ol products and services conditions

combination
Macro-economic and strategic ~ Network formation and
aspects coordination

Socio-cultural aspects SLTEmEE

Innovation-specific
Accidents and events institutions

Figure 15: Basis of the TIS framework by Ortt and Kamp.

One by one, the building blocks are evaluated, is this factor blocking the innovation from market
introduction? If the answer is yes, this building block is a barrier. The same applies to the
influencing conditions, is any of the influencing conditions a cause of the lack of a building
block, than this should be noted as a blocking influencing condition.

Step 4: The specific combination of the lacking building blocks and the causing influencing
conditions results in a proposed niche introduction strategy. This list of combinations is
provided in Chapter 3, Table 11. Identify what strategies fit the combination of building blocks
and influencing condition and decide whether this is a fitting strategy for the specific case.

This marks the end of stage 1 ‘Strategy identification’. After the TIS framework is applied, and a
proposed niche introduction strategy is the output, the meta-responsibility framework will be
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applied and will mark the start of stage 2 ‘Responsibility creation’. The steps of the workflow of

stage 2 are described in Figure 16.

Map out all its
responsibilities
(categorised in

Pick actor of
choice;
typically the
innovating

care, liability,
accountability
agent. and
responsiveness).

Categories
responsibility in

meoral, legal or
contractual
responsibilities.

Use insights
from meta-
responsibility
map to adapt
strategy
proposed by TIS
framework.

Identify
conflicts or
synergies
between
responsibilities
of actor.

Figure 16: Workflow of stage 2 ‘Responsibility creation’ by applying the meta-responsibility framework.

Step 5: First, an actor of choice is picked from the TIS context. This is typically the innovating
agent, as this actor will be the one introducing the innovation to the market with the final
proposed strategy. This actor will be the centre point of the meta-responsibility framework.

In this step, it is advised to remind the user of the fact that the strategies are aimed at the
market-introduction. This therefore influences the scope of the responsibilities, as
responsibilities can range from the origin all the way to long-term effects.

Step 6: The responsibilities of the actor are mapped out on the meta-responsibility map based
on the backward or forward-looking imputation and the assertive or receptive justification. They

are categorized accordingly in the quadrant of care, liability, accountability or responsiveness.

Figure 17 gives an overview of the meta-responsibility framework by Sonck et al. Per category, a
brainstorm can be done to collect the responsibilities, as well as interviews with experts that

can complete this list.

Forward-

Imputation

Backward-

looking

Responsiveness

Accountability

looking

Figure 17: Meta-responsibility framework map by Sonck et al. 2019.

A methodology to categorise and allocate responsibilities in the meta-responsibility framework
is used following the framework of Timotijevic (Timotijevic et al., 2021). The guiding questions to
allocate the responsibility in the corresponding quadrant are as follows:

- Doestheresponsibility look at future-oriented of past-oriented decisions?
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- Isthe responsibility based on high uncertainty or low uncertainty context?

Figure 18 gives the decision tree following the principles of Timotijevic.

Mo sncertainty ﬁ

Future (ex-ante)

fomumeerainy ﬁ
Past (ex-post) High uncertainty ﬁ

= —

Figure 18: Decision tree to categorise responsibilities in the corresponding quadrant of the meta-responsibility
framework following the framework of Timotijevic et al., 2021.

Step 7: Besides the categories provided by the meta-responsibility framework, the
responsibilities are subsequently categorized as moral, legal or contractual responsibilities. This
gives a feeling of what types of responsibilities the case is dealing with and can be acted upon
accordingly. As legal responsibilities usually face clearer consequences if not acted upon than
moral responsibilities, it is useful to have an overview of the moral and legal responsibilities to
see if there might be responsibilities that are less likely to be considered for inherently.

Step 8: Once the responsibilities are identified, the relationship between these responsibilities
can be identified, looking for conflicts and synergies between responsibilities of an actor.
Between the responsibilities in the meta-responsibility map, arrows can be drawn to represent
these conflicts or synergies. This map is the output of the meta-responsibility framework. A
systematic approach is described in Chapter 6.

Step 9: Using the meta-responsibility map, the proposed strategies by the TIS framework can be
adapted to make them (more) responsible. The different responsibilities and conflicts between
the responsibilities or actors can be used to make the strategies more responsible.

To make this framework applicable for any innovation, the way the conflicts are derived should
also be systematically determined. Once the different responsibilities are identified, mapped
outin the appropriate quadrant on the meta-responsibility map and categorised in moral, legal
and contractual responsibilities, one by one, the responsibilities are analysed in comparison to
another responsibility. This analysis requires intra- and inter-type comparison as well as within-
quadrant and cross-quadrant comparison. If the co-existence of the responsibilities does or
does not align, this is noted as subsequently a synergy or conflict. It is also possible there is no
direct link between the responsibilities. The aim of this identification of conflicts or synergies is
finding potential point of different interests or choices that need to be made. These choices are
in the benefit of the one choosing, but not always in the benefit of the other actors and therefore
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provide an interesting starting point to include measures or controls to prevent that from
happening and making the strategy more responsible or inclusive.

Conclusion

The proposed combined framework called the Responsible Market Development (RMD)
framework aims to aid an innovator to identify what strategies are effective to be used for an
innovation at sake to bring it to the market. Both for market-introduction and large-scale
diffusion, strategies are proposed based on a certain set of barriers that are blocking this
innovation to enter the market or diffuse on the market. These barriers are identified as missing
building blocks within the first stage of the framework ‘Strategy Identification’, by applying the TIS
framework. Also causing influencing conditions are identified and the two results in a proposed
strategy to apply for market-introduction. This is usually a niche strategy. In the second stage of
the combined framework ‘Responsibility Creation’, the meta-responsibility framework is
applied. Here the responsibilities that have been identified can be categorised in the different
quadrants of the meta-responsibility framework and into different types of responsibilities. The
meta-responsibility framework categorises the responsibilities into ‘care’, ‘liability’,
‘responsiveness’ or ‘accountability’, which explain whether the responsibility is forward- or
backward-looking oriented and the degree of uncertainty. Conflict between the responsibilities
can then be identified, which gives the opportunity to re-think the strategies proposed in stage 1.
By seeing what conflicts can arise between the responsibilities of one specific actor, or between
different actors, these pain points can be tackled partly in the strategies by including solutions
so that conflict does not arise or is tackled. This RMD framework therefore results a more
responsibly oriented framework.

Chapter 6 dives into the application of the RMD framework to the hybrid protein case, aiming to
find market-introduction strategies. By focussing more on the societal viewpoint instead of what
is commonly the case, profit driven viewpoint, the end result might become more long-term
sustainable. The product will be introduced in the market in a more responsible manner, that
considers more social values and perspectives, providing a more rigorous product that can
survive in the market that is driven by the consumers.
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Chapter 6: Responsible Market Development (RMD) framework
applied to hybrid protein case

“What responsible strategies to apply to hybrid protein case?”
- MSc Life Science & Technology
- MSc Management of Technology

The RMD framework will be applied to the case of hybrid protein. The process steps in the
workflow described in Chapter 5 will be followed. According to the findings from the case
application, possible adaptions can be made in the workflow.

Before following the workflow, the moment in time where the innovation is currently at should be
identified to check whether it is before market introduction. As mentioned before, the hybrid
protein products are currently right before market introduction and thus comply with the criteria
of using the RMD framework.

Stage 1 ‘Strategy ldentification’: steps 1-4

Step 1: TIS context, case specific actors

The first step is to analyse the TIS context and set up an overview of the different TIS actors and
their values or goals. The scope of this case is in the Netherlands at the current timeframe. Table
13 provides the overview of this TIS context.

Table 13: TIS context, describing the TIS actor types, the specific actors in this case and their values or goals based on
the geographic location of the Netherlands.

TIS actor TIS actors in categories within the types Values or goals of TIS actor categories
types

Knowledge Universities (e.g. TU Delft, Wageningen UR) Using research to tackle sustainability
creators Research Institutes (e.g. NIZO food Institute or TNO) = challenges.

Start-ups and

Colleges (e.g. HAS Green Academy)
Consortia (e.g. Cellular Agriculture Netherlands)
Plant-based (e.g. De Vegetarische Slager, Vivera)

Using innovation to tackle sustainability

innovators Cultivated (e.g. Mosa Meat) challenges.

Be economically profitable.

(De Vegetarische Slager, 2025).
Established Primary production (e.g. FrieslandCampina and Work together with start-ups to comply

market players

farmers)

Processing (e.g. Vion Food Company, Zwanenberg
Food Group, Aviko)

Ingredients (e.g. DSM)

with the customers’ demands of
sustainable products. They use their
reach to attract start-ups to work with
them.

Connecting role in food supply chain
(Aviko Food Service, n.d.)

Governmental Ministerie van Landbouw, Natuur en Push sustainability development and
bodies Voedselkwaliteit (LNV) research, while at the same time make
Minisiterie van Volksgezondheid, Welzijn en Sport sure the innovation comply with (safety)
(VWS) regulations (NVWA, 2023).
Nederlandse Voedsel- en Warenautoriteit (NVWA)
Nederlandse Organisatie voor Weterschappelijk
Onderzoek
European Food Safety Authorisation (EFSA)
Customers Ethical Alternative Seekers Care for sustainability and animal

Health-Conscious Compromisers
Nutrition-Focused Integrators

Protein Maximizers

Carefree Considerers

welfare and are thoughtful about what
they eat.

Wanting to make better health choices.
Care for nutritional value of their food
and for health and sustainability issues
open to incorporate plant-based more.
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Value-Driven Skeptics
(Good Food Institute, 2024)

Value protein content of food, also if that
would be in plant-based products.
Open-minded, but low familiarity

Are not convinced it is a good choice,
also with the price and taste in mind.
(Good Food Institute, 2024)

Retail Supermarkets (AH, Jumbo) Promoting alternative protein and
companies Supermarkets (Lidl, Plus or Aldi) expanding in protein-rich products.
Making alternative protein accessible.
Media Television (e.g. NOS, RTL) Informative on the protein transition.
Newspapers (e.g. Volkskrant)
Websites/social media (e.g. Foodlog, X, Instagram) Discussions on the debate.
Society Animal Rights (e.g. Stichting Dier&Recht) Advocate to choose for plant-based
representatives = Food Systems and sustainability (e.g. ProVeg instead of animal products to contribute
or NGO’s Nederland or Good Food Institute Europe) to animal welfare (Dier&Recht, 2025).

Investors and
financial
institutions

Banks (e.g. Rabobank)

Foundations (e.g. DOEN foundation)
Investing companies (e.g. InvestNL,
InnovationQuarter, SHIFT invest)

Insights from expert interviews: Goals of innovator

Researching stakeholder that tries to
influence policy, share knowledge and
steer the developments in desired
direction.

Accelerate alternative protein innovation
to build a more sustainable, secure, and
just food system (GFl, 2025)

Make investments to help accelerate the
alternative protein transition with
financial resources as well as providing
connection in the field.

The goals of the innovator are mentioned as broad. When categorising them, it can either be

idealistic or corporate goals. On the one hand innovators have sustainability goals, wanting to
improve the food system, solve problems surrounding nature, climate or animal welfare, these
are the idealistic goals that innovators have where they hope to find solutions for global
problems. On the other hand, there is the corporate goals that have a more commercial interest
and are driven by economic aspects. The following quotes from the expert interviews confirm
these statements.

“There is the more idealistic start-ups, that see a problem in the world, for example climate
change, and want to find a solution and bring that to the market, in a way to positively influence
global problems. Then there is corporates that have a commercial interest from the start. They
have relevant IP that they might be able to sell. They see a chance and act based on that.” - 11

“I think that the goals are different for different stakeholders. And you would hope that they all
have climate goals or goals for animals. Most of them have, especially in the beginning, but at a
certain time when it becomes a market chance, it leads to mixed motives.” - I3

“You do not have the responsibility to earn money, but you do have the responsibility to do
something good in the world. But motives are different in practice, very often actually” - 13

Also is mentioned that innovators want to prove regime players wrong when is said that it is not
possible what they are desiring.

“So, in a broader transition perspective, the value of startup startups and true innovators is to
basically prove the regime players wrong. In innovations, when new, there are numerous
questions to be asked about, does it really fulfila demand on the consumer side? Can you really
earn money? Is there a demand anyway? And for larger companies these are all valid questions
and often also reasons why not to invest in innovations, because the business proposition
doesn't add up, and that's of course where innovators and young companies step in. They have
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other risk profiles. They are very dedicated to and they believe in their proposition.
So they have different reasons to do what they do and to invest their time. And a successful
startup is really also proving them wrong and them being the regime player.” -2

Step 2 & 3: TIS framework

The TIS framework has already been applied on the case in Chapter 2. Concluding from this
analysis, the missing building blocks and influencing conditions causing this are summarised in
Table 14.

Insights from interview: Barriers and influencing conditions

Collectively, the interviewees mentioned the same or similar barriers as were found in the TIS
framework. Only additional influencing conditions have been mentioned as described in Table
14. Perception and overpromising were mentioned as causes of why the barrier of customers is
present.

Perception was said to be a driver of consumer behaviour change. Specifically, it was mentioned
that there is a cultural perception in society where we are currently in an ‘individualistic culture’
instead of in a ‘collectivist culture’. This individualistic culture is mostly seen in Western
countries, and the last decades this is showing more and more clear that society prioritizes the
individuality. Consumers hop on trends that show quick wins or gains for them, for example the
protein-rich products, that are promoted to be healthy and beneficial for your health.

“. perception proves to be more of a driver, it can be positive, it can be negative. .. there are
some examples also in the recent years that show that perception can indeed change people's
food purchase and consumption behaviour. .. if you look at everything that's happening around
protein rich products. Why did millions of people now change their food habits and are willing
and able to spend a lot of money on protein rich products and that is because they have the
feeling, the perception that eating a lot of proteins almost instantly brings you a benefit.” - |2

If that is the case for hybrid products as well, if we promote the product in such a way that is
becomes clear ‘what s in it for me’ or how would the consumer benefit from this product, it
could be beneficial for the acceptance. This could be a topic of further research.

Also, overpromising is a common theme. Promises are made which cannot be realised, partly
because reality is moving faster than hoped, but also because of overestimation of possibilities.
For example, creating a completely identical steak, with the whole complexity in texture and
structures in the product, was something that later was identified to be too complex for this
moment in time. Later the focus has been shifted towards more unstructured or processed
forms of ‘meat’ products. But this results in a decrease in trust from consumers in innovators.
The opposite is what is required, innovators need to create trust and support from stakeholders.

“So, you might also say that that could be seen as a barrier as well to over-promise and under-
deliver while reality is progressing.” — 12

Overpromising is related to creating a hype, this is when expectations exceed reality (Heupel et
al., 2024). This happens when a simple innovation-diffusion paradigm is predicted, but instead
the innovation follows a more realistic evolutionary pattern. If it is assumed that directly after the
first market-introduction the innovation diffuses on large-scale, overpromises are made and the
promises are likely to not be met. This results in a lack of trust. Figure 22 later in this Chapter
also shows the relation between the pattern of diffusion and the hype cycle, related to
investments.
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The two mentioned causing influencing conditions during the expert interviews are depicted in
grey in Table 14. These ‘influencing conditions’ are not included in the original framework, but
adding additional case specific influencing conditions in the stage of applying the framework
can be useful to create more awareness for in the further analysis of the causes of the barriers.
Perception is already covered in the causing influencing condition of socio-cultural aspects. The
TIS framework alone is not normative, that is where the meta-responsibility can make the
framework more normative.

Table 14: Summary of output from TIS framework applied on hybrid protein case, with in grey additional interview
insights.

Missing building blocks Causing influencing conditions
Production system Knowledge and awareness of technology
Network formation and coordination Knowledge and awareness of application
Product price Macro-economic and strategic aspects
Customers Accidents and events
Innovation-specific institutions Socio-cultural aspects

Perception

Overpromising

Step 4: TIS-derived strategy
From the missing building blocks and causing influencing conditions, the following strategies are

” €«

proposed by the TIS framework: “top niche strategy”, “subsidized niche strategy”, “redesign
niche strategy” and “geographical niche strategy”.

The first proposed strategy, “top niche strategy”, proposes to produce products for a specific
‘top-end’ market first in smaller number. This top-end market would be consumer that are
described as early adopters, that are interested in sustainable products, but also want to
contribute to the development of a new innovative product. The strategy aims to overcome the
barriers ‘price’ and ‘quality’ and influencing conditions ‘knowledge of technology’ and
‘resources’. Following Table 8 (chapter 2), the top segment of customers are most likely to be the
protein maximizers, the ethical alternative seekers and the health-conscious compromisers as
they either care for sustainability, or are conscious about their protein intake. For this strategy, a
skimming pricing strategy can be applied, where for the top-end market, the price is higher to
maximise the revenue and slowly bring down the price once the demand increases. This strategy
aims to start a consumer base, from where the demand can slowly increase. This group of early
adopters act as promotors and opinion leaders that can prove that the product is to be trusted
and their experience can influence other potential interested consumers.

The second proposed strategy, “subsidized niche strategy”, proposes to focus on the social
relevance of the product, where subsidies are granted when the product is considered socially
relevant. The strategy aims to overcome the barrier ‘price’ and influencing conditions ‘knowledge
of technology and resources’. The government is providing financial resources to help the
product be integrated in the market. This helps to lower the product price and thus eliminate one
of the barriers. Currently, subsidies are already in place for research and development, as well
as for major players like Mosa Meat to lower their costs (Nationaal Groeifonds, 2025).

The third proposed strategy, “redesign strategy”, aims to overcome the barriers ‘price’ and
customer’, and the influencing conditions ‘knowledge of technology’, ‘knowledge of application’,
‘resources’, ‘institutional aspects’ and ‘socio-cultural aspects’. The strategy proposes to develop
a simpler version of the product, that lowers the amount of knowledge and resources required
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and thus makes it possible to produce the produce for a lower price. Also, different applications
can be explored where regulations are more favourable or what has a higher customer demand.
Moving from pure plant-based product, or cultivated products, the hybrid form already applied
this strategy before. It was originally designed due to techno-economic limitations to make
whole cultivated protein products. This redesign also complies to the customer preferences
regarding taste, and it also acts as a tool to get consumers used to the product (specifically the
idea) and grow acceptance. This is different from the hybridization strategy in two ways; first, it
focusses on overcoming different barriers, where the hybridization is aiming to integrate the
innovation in a system where there is a lack of complementary product, what in this case study
is not relevant. The hybridization strategy tries to integrate the new innovation within an existing
product, but this more focussed on an external complementary product that is needed for to use
the product, for example in computer system you need a PlayStation to play the games.

The fourth “geographical niche strategy” aims to overcome the barriers institutional aspects,
complementary products and services, and customers, and the influencing conditions
‘knowledge of technology’, ‘resources’, ‘socio-cultural aspects’, ‘institutional aspects’ and
‘accidents’. The strategy proposes to relocate to different area where the institution, resources,
supplier or customers are present or in favour. As the scope of this research is on what strategies
to apply to the geographic location of The Netherlands, this strategy is not relevant. This strategy
has been adopted by innovators that have started selling their products in the United States or
Singapore, as the regulations are allowing the selling of cultivated protein there. It can also be
helpful as it can prove that the product is safe, there is demand and with that speed up the
process in the intended location.

Also, the “demo strategy” has been applied to cultivated and plant-based protein before, where
tastings have been done to introduce the product on a small-scale and without a final
marketable product to a restricted group of interested people. This not only gives the possibility
for early-on consumer feedback and development of the lacking building block quality, but it
also aids for educational purposes and building consumer confidence.

As was discussed, the barriers stopping the innovation from entering the market, are related to
each other in a sequential manner. First off, it is important that the regulatory system is allowing
the product to enter the market, so the barrier of ‘Innovation-specific institutions’ has to be
overcome first. After that, the strategies “top niche strategy”, “subsidized niche strategy” and
“redesign niche strategy” can be applied (Table 15)

Table 15: Strategies that can be applied to the case of hybrid protein.

Strategy Barriers Influencing conditions
Redesign niche strategy Price Knowledge of technology
Customer Knowledge of application
Resources

Institutional aspects
Socio-cultural aspects

Top niche strategy Price Knowledge of technology
Quality Resources

Subsidized niche strategy Price Knowledge of technology
Resources
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The subsidized niche strategy is not advised to be used in the first stage, as this has shown to
have adverse effects on the perception of the innovation. If the product is first subsidized, and
becomes available for a broad group in society, it will be more difficult to come to a perception
of this product to be for a certain class of society. For example, when assistive technologies are
subsidized and used by people with disabilities, the product creates a stigma that is not easily
overcome when the product later becomes available for the mass market (Parette & Scherer,
2004). However, is that even what is desired if it is looked at from a responsible perspective.
Also, looking at the barriers that the strategies are aiming to overcome, it makes more sense to
apply a strategy that tackles more barriers first. If the subsidized strategy is used first to tackle
the barrier of price, that would mean still the barriers of ‘customers’ and ‘quality’ are present,
while if the “top niche strategy” or “redesign niche strategy” is applied, it tackles the barrier of
‘price’ as well as either ‘quality’ or ‘customers’ respectively. Between the last two strategies, it
makes in this case most sense to start with the “redesign niche strategy”, as this tackles more
barriers and influencing conditions. However theoretically, both could be started with.

These strategies from step 4 conclude the first stage ‘Strategy Idenfitication’ of the proposed
RMD framework.

Stage 2 ‘Responsibility Creation’: steps5-9
Step 5: Actor for meta-responsibility framework

Firstly, the actor of interest is the innovator. That is the actor that is eventually bringing the
product to the market, making the strategy most relevant for this actor. In this case, the
innovator is a start-up.

Step 6: Map out responsibilities in meta-responsibility map
Figure 19 gives an overview of the meta-responsibility map for the innovator.

Assertive
| Scalability based on targets | ‘ Product liability. ‘ Liability
| Accessibility for food security. | Comply with safety and sustainability
regulations.

‘ Align practices with promises ‘

Protecting product formulation to avoid

Deliver protein product that is more competition taking over.

sustainable and efficient.

Correctly and transparently label, frame and

Take care of directly involved .
communicate about the products.

employees.

Forward- Backward-
looking

lDOkmg Engage with stakeholder perceptions to
understand needs and demands and
use feedback for product improvement.

Being aware of the impact their products bring
to the future food systems.

Deliver a quality product. Assess unintended environmental and social

impacts.
Monitor developments and competitors
to response to market trends and Risk-assessment and prepare for situations
developments. that happen in case of problems.
Taking required actions. ‘ Justify actions or decisions to actors like

investors, consumers and regulators.

Adapt process or product based on

Responsiveness feedback from e.g., safety tests or
regulatory changes.

Deliver as promised, stay true to values Accountability

Receptive

Figure 19: Meta-responsibility map of the innovator mapping the responsibilities in the four different quadrants.

In the quadrant of care (forward-looking and assertive responsibilities) the innovator has the
responsibility to scale their product based on their targets. They want to scale their product to
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make it available, so that sustainable alternatives of animal protein are more broadly available
for the greater good and for food security. Additionally, they are responsible to deliver alternative
protein products as they care for sustainability and efficiency in the industry. They have the
responsibility to align their practices with their promises as well as taking care of their
employees.

In the quadrant of liability (backward-looking and assertive responsibilities) the innovator has
the values of complying with safety regulations, to make sure the product is safe for its
consumers. They want to keep their product formulations protected, to avoid competition from
replicating the product and take over (parts of) the market shares. At the same time, they value
being transparent and honest about the labelling of the products to avoid miscommunication as
well as to build trust. The innovator also has product liability, meaning when the product has any
malfunctions, the innovator can be held responsible for this. In the EU, the European
Commission is in charge of approving Novel Foods after the scientific assessment of EFSA. The
EU 27 ultimately decides, based on the advice of EFSA and regulation plan of the EC, when the
product is safe for market introduction (Eskola, 2025), also meaning that when there are any
safety issues or claims from the product, the European authorities are responsible for safety of
food. Only when it is because the product itself has a malfunction or something in the
production process has not followed procedures (for example in case of contamination that
results in an unsafe product) the innovator is responsible. The reason that some of the
innovators start selling in the US first while in the EU it is not allowed yet, is because there is
limited safety assessment requirement from authorities. Innovators can self-affirm their product
is safe, by applying a pre-market consultation with the Food and Drug Administration (FDA)
providing data why the product is safe for human consumption (Good Food Institute, 2022). This
does result in the full responsibility and liability when any claims about malfunctions or
unintended side-effects occur. This again shows the difference between speed of introducing
the innovation to the market and thorough assessment of safety and regulations.

In the quadrant of responsiveness (forward-looking and receptive responsibilities) the innovator
values engaging with its stakeholders to understand their needs, demands and perspectives.
This feedback can be used for product improvement and is a tool for them to deliver a quality
product. By monitoring the developments and competitors, the innovator is able to respond to
market trends and developments. They also are responsible to adapt the product based on the
consumer feedback as well as regulations, and should be taking required actions to make the
innovation work.

In the quadrant of accountability (backward-looking and receptive responsibility) the innovator
is responsible to monitor the impact the product is making, in terms of social, environmental
impact, but also assess the impact of the product on the long-term or future food system. The
innovator is responsible to do risk assessments of the impact of the product and how plans of
what happens when the worst-case scenario might appear. They are also accountable to justify
actions and decisions to their stakeholders like investor, and most importantly they are
accountable to deliver what they have promised. It is seen as a factor that leads to a lack of trust
if innovators do not do what they promise.
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Step 7: Categories responsibilities — legal, contractual and moral

Table 16 categorizes the responsibilities into either moral, legal or contractual responsibilities.

Table 16: Categorised responsibilities among moral, legal and contractual responsibilities.

Responsibility

Scalability

Delivering sustainable product
Accessibility

Aligning practices with promises

Taking care of employees

Engagement with stakeholders

Develop quality product

Monitoring developments and competitors
Taking required action

Adapt process/product based on feedback
Comply with regulations

Product liability

Protection company knowledge/assets
Transparency

Awareness of impact

Assessing unintended impacts

Prepare for worst case scenario outcomes.

Deliver what you promise, stay true to values.

Justify actions to stakeholders

Quadrant
framework
Care

Care

Care

Care

Care
Responsiveness
Responsiveness
Responsiveness
Responsiveness
Responsiveness
Liability

Liability

Liability

Liability
Accountability
Accountability
Accountability
Accountability
Accountability

Type of
responsibility
Moral
Moral/contractual
Moral

Moral
Moral/contractual
Moral

Moral

Moral

Moral

Legal

Legal

Legal

Legal/moral
Legal/moral
Moral

Moral

Moral
Moral/contractual
Legal/contractual

The moral responsibilities are the most identified responsibilities for this specific case. In
general, in RRI the most focus is put on moral responsibilities. Each quadrant in the framework is
differently important for different actors. For example, for the government, the legal
responsibilities are more important, while for an innovator, also the moral responsibilities are
important. All actors in a system together cover all the types of responsibilities.

The legal responsibilities are specifically linked to regulatory frameworks like the General Food
Law Regulation (EC) No 178/2002, Food Information to Consumers Regulation (EU) No
1169/2011, Additives, Enzymes and Flavourings Regulations (EC) No 1333/2008, 1332/2008,
1334/2008, Health and Nutrition Claims Regulation (EC) No 1924/2006, and the Novel Food
Regulations 2015/2283, that have set certain rules on what a company is responsible for when
introducing a product to the market. Europe has a legislative approach that reflects precaution,
as innovative foods as meant for human consumption and thus require careful risk assessment
(Lanzoni et al., 2024). When specifically looking at novel foods, the Novel Foods Regulation
assesses safety through scientific risk evaluation by EFSA. It considers the composition,
production process, nutritional impact and toxicity. If the novel food aims to replace an existing
food, comparable nutritional values should be provided to make sure there is no nutritional
disadvantage to consumers. So this regulation determines what the rules are regarding safety
and regulation. Within these regulations, responsibilities are also clearly defined and there is a
determined legal consequence if not complied to the regulations and responsibilities.

The contractual responsibilities are responsibilities that are agreed between the stakeholders
that have any form of contract while collaborating, where responsibilities are specifically
discussed and allocated. These responsibilities are difficult to be considered for one
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stakeholder only, without considering the other actors. Also, these responsibilities are clearly
defined and there is a legal consequence if not complied to the responsibilities.

For moral responsibilities, it is less clearly defined where the responsibility lies, and also there
are no consequences for not complying to the responsibility. Therefore, this type of
responsibility is usually overlooked.

The legal responsibilities do not necessarily require this responsibility framework, as the laws
and regulations are clearly written down and need to be met. This is already the case in the TIS
framework and the following strategies. However, as the moral responsibilities are vaguer, they
do need to be described in the meta-responsibility framework in combination with the strategies
from the TIS framework. From the meta-responsibility map however, it can be seen that most
responsibilities listed are moral responsibilities as this research is conducted from a research
group focussing on responsibilities of actors in innovation, that are thus well aware of these
responsibilities. Also, the socio-technical system this case of hybrid protein is in, already brings
about impacts at broader societal level, including moral issues. Identifying these moral
responsibilities in this framework help with making it more responsible and sustainable.

Insights from expert interviews: Responsibilities

With regard to responsibilities, a pattern was identified in the interviews. Most responsibilities
that were mentioned were legal, and it was more complex to identify exactly what an innovator is
morally responsible for. From interviews, the first responses mentioned where usually legal
responsibilities.

This suggests that the perspective the user of this framework have, can influence what direction
the thought-process goes to. This can be due to the fact that moral responsibilities can be
unclear. Also, this can be based on the background of the interviewee, that determines from
what perspective the responsibilities are looked at. Therefore, this step is important, to
categorizes the responsibilities, as it becomes apparent that a certain type might be
overrepresented and results in the realisation to take all types of responsibilities into account.

“So morality is not always the most important driver when it comes to regime players, because
they also have a lot to lose in terms of losing a business that they currently have so sticking to
your moral compass as a startup and also extrapolating/diffusing that to the world basically |
think that's a very important responsibility” - 12

Some types of responsibilities can be linked together, where the moral responsibility is
translated into a legal responsibility. That regulatory framework results in the actual compliance
to the legal responsibility and thus also the moral responsibility. With the problem of many
hands, it was described that the moral responsibilities are spread over a large geographical and
time space, meaning that it becomes more difficult for the stakeholders to understand who is in
the end morally responsible. When a moral responsibility is translated into a legal responsibility,
it can be allocated to one or more stakeholders, making the responsibility more explicit. This
results in clear boundaries of the allocation and content of the responsibility. Through
responsibilities that are shared between actors, different actors can be identified from this step
onwards.

There are also responsibilities that are not linked to one individual actor, but to a collective of
actors, for example the collaboration with consumers, considering their ideas and
communicating developments and important information. This is a joint responsibility between
multiple actors that could be better enforced by creating a consumer society or organisation.
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Representatives from the different stakeholders are involved in this organisation and jointly
contribute to the responsibility of communicating with the consumer.

“It's not so much a responsibility of an individual company. It is a responsibility of a joint society
of these company. So what | also did many times in my life is to is to create new organisations,
societies that entail and all the startups and scale-ups in a certain sector and they all tap in
some money and then you have a joint voice and a joint responsibility” - 12

Contractual or legal responsibilities are easier to be enforced and allocated than moral
responsibilities, as it is clearer who is assigned to a certain responsibility and what the
consequences are if these responsibilities are not taken. However, a different approach of
positive enforcement is also more responsible, where taking responsibility is rewarded or
stimulated. In the long run, this builds more intrinsic motivation for the right reasons. This
however does not deliver the desired results in today’s society, seeing the legal system is
currently build up by negative reinforcement if something is done wrong.

“With responsibilities comes also the implication that there are consequence when you do not
comply to the responsibilities. And who is that authority that checks or enforces these
consequences in case of moral responsibilities, or it is a more collective punishment, less clear
who does that.”- 11

Step 8: Identify conflicts or synergies between responsibilities of the innovator

A relationship can be present between the different responsibilities, either this is positively
influencing each other (a synergy) or negatively influencing each other (a conflict). The multiple
relations are visualised in Figure 20 where the conflict are depicted with black arrows and the
synergies with grey arrows. Also Table 17 describes these conflicts and synergies in more detail.

Assertive

I Scalability based on targets | Product liability Liability

I Accessibility for food security | Comply with (safety and sustainability)

regulations.

I Align practices with promises

Protecting product formulation to avoid

Deliver protein product that is maore competition taking over.

sustainable and efficient.

Correctly and transparently label products to ¥

Take care of directly involved avoid miscommunication or build trust.

employees

Backward-
looking

Forward-
looking

Engage with stakeholder perceptions to
understand needs and demands and
use feedback for product improvement.

Being aware of the impact their products bring
to the future food systems.

| Assess unintended environmental and social

Deliver a quality product. .
quality p impacts.

Monitor developments and competitors
to response to market trends and
developments.

Risk-assessment and prepare for situations
that in case of problems.

Justify actions or decisions to actors like

Taking required actions. I :
investors, consumers and regulators.

Adapt process or product based on -
feedback from e.g., safety tests or Deliver as promised, stay true to values. | Accountability

regulatory changes.

Responsiveness

Receptive

Figure 20: Visual representation of the conflicts (black arrows) and synergies (grey arrows) between the
responsibilities in the meta-responsibility framework. The red responsibilities are moral, the blue are legal and the
green are contractual.
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Table 17: Overview of relationship between the responsibilities, either having a conflict or synergy and the reason for
this relationship. The examples are further explained in the text.

Responsibility
(type)

Comply with
regulations
(liability)

Protecting
product
formulation
(liability)

Scalability
(care)

Align practices
with promises
(care)

Deliver protein
product that Is
more
sustainable
and efficient
(care)

Scalability
(care)

Getting funding
for growth (part
of scalability in
care)

Align practices
with promises
(care)

Responsibility
(type)

Engage with
stakeholders to
understand
demands and wants
(responsiveness)
Transparency
(liability)

Transparency
(liability)

Stay true to your
values
(accountability)

Assess unintended
environmental and
socialimpacts
(accountability)

Delivering quality
product
(responsiveness)

Deliver as promised
(accountability)

Adapt processes
based on feedback
(responsiveness)

Conflict or
synergy
Conflict (1)

Conflict (2)

Conflict (3)

Conflict (4)

Conflict (5)

Conflict (6)
or synergy

Conflict (7)

Synergy

Reason (example)

The actor wants to engage with a stakeholder to act on
the demands of the customer, while at the same time
they need to comply to (safety) regulations and limitation
to design or process steps.

(tastings)

On the one hand innovators want to be open about their
product and process to relevant stakeholders, but at the
same time it is important not to share confidential
information or information on IP.

(labelling, EFSA assessments, patents)

On the one hand it is known that plant-based or
cultivated protein give a certain sentiment to
mainstream consumers, this means that it is known that
by being transparent about the content of the product,
consumers might be repelled just by certain information
or naming (van der Toorn, 2025). While innovators are
responsible to be transparent and report about the
ingredients, it is not always beneficial to attract
customers that way and scale the product in that way.
On the one hand an innovator must have ambition to be
able to make it and with that align their practices with
their promises, but on the other hand, innovators are
ought to not overpromise, to be able to stay true to the
promises. Currently this is what is happening, there is
being overpromised, which results in lack of trust.
(cellular meat on market promise)

An innovator has the responsibility to deliver a
sustainable and more efficient protein product, which
can be in conflict with the responsibility of assessing
unintended environmental or social impacts, as this
might mean that it brings about environmental and
social impacts to farmers, as that might mean there is no
co-existence with animal protein production which
results in bringing their business in danger.

(farmers)

Scalability is only a responsibility when this is promised
by the innovator to make it widely available or make the
general food system better, but only if this can be done
sustainably and with quality.

These two responsibilities can go hand in hand, but one
of the other is usually seen as less important than the
other, where one is prioritized over the other. In this
conflictitis also important to keep in mind what the
initial goal has always been and work towards that goal.
If to scale the goal to make a sustainable product is not
met, a conscious choice needs to be made to see what
decisions are made from there on.

One the one hand, an innovator wants to attract
investors for funding to grow, however, that might mean
they have to overpromise in order to receive the funding.
(hype cycle)

While having the ambition for successful innovation to
enter the market, adapting the process or product on
consumer feedback can help achieve that and align their
practices with their promises. So, the ambition has
certain ideas in mind based on what is perceived to be

63



right, while customer feedback can change the
perspective if is found that it is not completely right.
Therefore, this can be two responsibilities that can work
together towards a greater goal.

Risk- Delivering quality Synergy By doing the required research on the impacts of the
assessment products innovation, a better-quality product can be put on the
(accountability) | (responsiveness) market.

Align practices | Stay true to your Synergy If the innovator has a responsibility to align their practice
with promises values with their promises, this can be done by staying true to
(care) (accountability) your values. This does not mean they cannot change the

plan, but the values has to be consistent.

Conflicting responsibilities of actors
Conflict 1: Complying with regulations vs engaging with stakeholders

On the one hand, the innovators has to comply to the existing regulatory frameworks like the
Novel Food Framework. These pose limitations to what the innovator is allowed to do during the
design or production process. However, the innovator also wants to engage with a stakeholder to
act on the demands of the customer, to be able to be responsive and anticipate to their
demands and understand the impacts. This conflict in practice shows that regulations limit the
collection and/or usage of the stakeholder input, for example tastings would be beneficial to
have consumers try the product and directly provide feedback.

It was also mentioned during one of the expert interviews that there is a conflict in the way the
regulations are established, as this is a biased process, based around certain views.

“I think the legal frameworks that we construct our world around and the rules and regulations
that exist in the world, they're not fully neutral, they're always kind of a result of the ideas of the
ideologies and the world views people have had in the past and they're still having, and they also
reproduce certain values and ideas around how the world should be. There is this interesting
tension of who makes those choices? What are they based on, who was asking the questions?” -
15

“I think it's important to question, who was going to be affected by it. And there we might be able
to ask better questions, if we include more people that are currently working with providing food
and the animals as part of an actor in the whole question.” - 15

There are policies around regulations introduced to increase stakeholder engagement in the
process. The European Commission has posed guidelines to the Organisation for Economic
Cooperation and Development (OECD) regarding the engagement of stakeholders in due
diligence processes for example, as part of the Responsible Business Conduct (RBC). It
visualizes how to embed RBC into policies and management systems (Figure 21), clearly
outlining an ongoing engagement with stakeholders. This shows that steps are taken to make
engagement more embedded in policies. Regardless, regulations can still be a limitation for
innovators. An innovator can engage with the stakeholders and include them in the process, but
there are still limitations that the innovator runs into regarding regulations that do not allow
certain consumer wishes.
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Figure 21: OECD guidelines for embedding RBC into policies and management systems (OECD, 2018).
Conflict 2: Protecting product formulation vs labelling products correctly

On the one hand, the innovator has the responsibility of protecting the product formulation for
the sake of Intellectual Property (IP), patents or business competition. This means the
transparency about the product is limited to a certain degree. On the other hand, the innovator
has the responsibility to for example label the product in a way that is it clear what the product
entails and consists of. Also, if EFSA is conducting safety assessments, it is important that
confidential information is not released when the application report is published. Another
example is regarding patents, in return to fully disclosing production information, the innovator
receives exclusives rights in the form of IP to prevent others from selling it. This means there is
full transparency ones the IP is there, but before filing, it is important to not disclose any
information, as that might mean it cannot be patented anymore. That is a conflict that innovator
face, where they want to be transparent, but cannot be to be able to patent their innovation.
This shows a conflict of values, where the legal responsibilities and economic incentives of
protecting your business are opposing the moral responsibilities of being open and transparent
about the product to the consumer and other stakeholders.

Conflict 3: Transparency vs scalability

On the one hand it is known that explicit communication about plant-based or cultivated protein
ingredients give a certain sentiment to mainstream consumers, this means that by being
transparent about the content of the product (in labelling or naming), consumers might be
influenced or even repelled only by certain provided information of the product or ingredients
(van der Toorn, 2025). Technical accurate terms can repel customers, but at the same time
makes sure consumers are not misled with the wording used. So being transparent is not always
beneficial to attract customers that way, which is a responsibility to be able to grow and survive
as a company. Not only for economic reasons, but also moral reasons of providing your
employees a stable income. If they cannot attract customer, they cannot scale either.

Conflict 4: Aligning practices with promises vs staying true to values

On the one hand an innovator must have ambition to be able to make it they should have a
certain drive to pursuit their innovation for good purposes, and have a drive to putin energy and
time to thrive in the business. With that drive they can align their practices with their promise. On
the other hand, innovators are ought to not overpromise, to be able to stay true to the promises
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and values. Currently this is what is happening, there is being overpromised, which results in
lack of trust. For years promises are made that keep being not met, which lowers the
trustworthiness and makes it feel unpromising and unrealistic. An example is the promise that
NU.nl made in 2016, that in 5 years there would be affordable cellular meat on the market. Five
years later, they again promised the same, within the 5 years it would be on the market, and now
they are saying ‘we are a step closer to meat without animal suffering’ (NU.nl, 2016),
(Schuttenhelm, 2020) (Bergeijk, 2023).

Conflict 5: Deliver a sustainable protein product vs assessing unintended social or
environmental impacts

An innovator has the responsibility to deliver a sustainable and more efficient protein product,
which can be in conflict with the responsibility of assessing unintended environmental or social
impacts, as that might mean it brings environmental and social impacts to farmers. For
example, by producing a product that does not use animal protein, there might be no co-
existence with animal protein production. Also, the direct competition that the innovator might
pose to the farmers, means bringing their business in danger, which have unintended social
impacts.

Conflict 6: Scalability vs sustainable or leading-quality products

Scalability is only a responsibility when this is promised by the innovator to make it widely
available or make the general food system better, but only if this can be done sustainably and
with quality. These two responsibilities can go hand in hand, but one of the other is usually seen
as less important than the other, where one is prioritized over the other. In this conflictitis also
important to keep in mind what the initial goal has always been and work towards that goal. If to
scale the goal to make a sustainable product is not met, a conscious choice needs to be made
to see what decisions are made from there on.

During expert interviews this conflict was also mentioned:
“Scalability doesn't equal sustainability” — 15

“I think the questions around scalability in general, they are very paradoxical to me. There's this
one paradox, that talks about that you could make something more efficient and have it very
scaled up in the sense that you will make a lot of something with less resources and you change
the food system. Therefore, make it more sustainable, but there's always going to be the risk that
you will start making more of the same thing and use the same amount of resources they had
before.”- 15

Conflict 7: Getting funding for growth vs delivering as promised

In the pattern of diffusion, the most important phase in which fundings are crucialis in the
phase right before market introduction. Receiving funding or investment for an innovation is
required to be able to grow. In an industry, funding is a proxy for the resources that are required
for start-ups or companies in general to improve and grow (Battle et al., 2025). As can be seen in
Figure 22, the stage right before market introduction is also the point in the hype curve that the
expectations are lowest and thus investors are less likely to invest. That brings the conflict,
where on the one hand an innovator wants to be honest and not overpromise, but on the other
hand, the innovator needs the investment to get their product to the market as thus some
overpromising might be required to get fundings.
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Figure 22: Pattern of diffusion (a) and hype cycle (b) (Dedehayir & Steinert, 2016) showing the relation between the

expectations during the hype cycle in the pattern of diffusion.

Conflicting responsibilities between actors

In this analysis, mostly conflicts and synergies between responsibilities have been identified
based on the viewpoint of one actor; the innovator. However, also conflicts and synergies
between responsibilities of different actors can be identified. In this analysis, only the conflicts
with other actors still from the innovator’s point of view is shortly touched upon.

Conflicts and synergies between innovators and conventional farmers or meat producers

When an innovator brings a new product to the market, this can disrupt the existing value chain.
In this specific case, that is the current food supply chain, and more specifically the protein
producers such as farmers and meat producers. Both actors have a conflict in interest as their
products might not co-exist or compete for the consumer base. However, it can also work out as
a synergy where different stakeholders collaborate. An example is the farm in Schipluiden (The
Netherlands), the first cultivated protein farm in the world has opened on a conventional dairy
farm. ‘It is a chance for a new revenue model, alongside our own farm’ (Van Leeuwen, 2025). This
is realised in collaboration with RespectFarms (collaboration between farmers and
researchers). This farm is also meant to become a place where stakeholders like farmers,
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researchers, citizens and policy makers can come together and see what it entails (NOS Nieuws,
2025).

Conflict between innovators and government/regulatory bodies

When an innovator wants to bring an innovation to the market, there is a need to act on the
demand and developments to be able to outcompete competition for example. If they wait too
long, other innovators might be quicker and take the consumer base. At the same time, the
government is served by ensuring safety of the Novel Food products and regulatory bodies want
longer-term risk assessments. So, their interests are not aligned, as their responsibilities are
different. The innovator has to make sure it captures its share in the market before competitors
do, and the government and regulators want to ensure safety for its consumers. This was
confirmed by an interviewee.

“EFSA has the responsibility to ensure that everything we eat is safe and healthy. So when a new
type of product is introduced that they do not yet fully know how to deal with, they have a duty to
investigate it thoroughly and examine it in great depth. Meanwhile, companies have the
responsibility to market and sell their products. These responsibilities may therefore be
somewhat at odds with each other.”- I1

Also, a conflict is seen within the EU, where on the one hand, universities and research institutes
are focussed on research and development on alternative protein field with investments from
the governments and EU. At the same time, these advancements that are made are not directly
applicable to innovators that want to use that knowledge to bring their products to the market,
as their growth and development is not supported in the same manner. Also this was discussed
in an expert interview.

“The European Union invests heavily in research and development, and there are many
universities and very strong start-ups with a lot of potential. A great deal of funding is being
invested in this, so the EU is clearly taking this responsibility very seriously. At the same time,
however, the actual scaling up and growth of companies is not supported in a way that aligns
well. This is often described as having one foot on the accelerator and one on the brake: a lotis
being developed, but successfully translating all that innovation into market value is not being
done effectively.” - 11

However, synergies between the government and innovators can also occur, take Singapore as
an example, their approval of the cultivated protein as an ingredient for sale have led to them
being the ‘global leader’ in cultivated meat.

Step 9: Adapt TIS strategy based on meta-responsibilities insights

” &«

The following strategies are proposed by the TIS framework: “top niche strategy”, “subsidized
niche strategy”, “redesign niche strategy”. It must be noted that these strategies are aimed at
market-introduction, not necessarily large-scale diffusion and thus long-term success.
However, the strategies must still be responsible and keep in mind responsibility viewpoint as
the introduction does influence the perception consumers have of a certain innovation, which is
a driver for consumer behaviour change (interview, 2025).

Top niche strategy: This strategy focusses on a certain group in society first, usually the more
privileged group. This shows a lack of inclusiveness and social equity if that ‘top end’ group is
society is also the target customer in the longer run. A skimming strategy is adapted here, where
a higher price is set with market-introduction, that results in some profits that will help decrease
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the pricing for the mainstream market (see Figure 23). A skimming strategy in which the top layer
of customers is targeted first (with a high price) is only responsible, if that is an entry strategy
and the target customer is adapted ones the desired effects have been shown. It is not desired
that the top niche customer segment is the group that will eventually be the only customer
segment able to purchase this product.

Price

Ptop niche

Pmainstream

Qtop niche Qmainstream Quantity/demand ———

Figure 23: Price-quantity curve, showing a higher price for the top niche (Ptopniche) With the corresponding top niche
quantity (Qropniche) and the lower price (Pmainstream) for the mainstream market (Qmainstream)

The aim of hybrid protein is to make the food system more sustainable, increasing animal
welfare and making society more protein self-sufficient. When introducing the product to a
certain segment only, this goal is not achieved and will not be achieved based on this strategy
alone. By evaluating the responsibilities that the innovator has, it can be concluded that the
strategy is not complying to certain responsibilities, for example accessibility and engaging with
stakeholders is not included in this strategy.

By adding a layer of social demand to the strategy, it can become a responsible strategy. The
goal should not be to get a customer base of high-end customers, but balance technical
feasibility with accessibility. So, making a top end product for only a selected segment of society
versus making a qualitatively good product for a much broader segment of society. Insights can
also be gained from this first broader group, so it can be improved for the mass market and large-
scale diffusion later. The strategies can be compared in Table 18.

Subsidized niche strategy: This strategy focusses on innovations that are determined to be
socially relevant products to a certain customer segment. It is using public funds to help
innovations survive in the starting phases and stimulate early markets by making market
competitive pricing possible. The funding itself is not irresponsible, what is lacking responsibility
is the decision-making and driver behind the funding. Often, even when fundings go to
sustainability-oriented innovations, the sustainability becomes an economic opportunity rather
than sustainability being the goal. Sustainability is framed in economic terms. It can also be
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focussed more on the sustainability of the innovation itself, so will it be successful on the
market, is it scalable, will it attract private funding, boost competitiveness in the market, but not
on the social sustainability, is it accessible for all, does it distribute the advantages in a fair way,
does it fit within the ecosystem, desirable in the long-term? It lacks a dimension of inclusion,
also in the decision-making. This is done top-down, without including other stakeholders in the
decisions on what innovations to subsidize.

In order to make this strategy be more responsible, it should be clearly defined what innovation
receives this funding, where this funding is coming from and what it will be used for. It states that
is given to innovation that are seen as socially relevant or important, but by whom? The decision-
making should be defined in the strategy, to make sure this is done transparent and inclusive.
The redefined subsidized niche strategy can be found in Table 18.

Redesign niche strategy: This strategy focuses on changing the state or the application of a
productin a way that is more favourable for a certain reason. This might be the price that is too
high for the standard product to be made, resulting in simplification of the product. It could also
be the context in which the product is applied that is not fitting, resulting in a change of
application, either for the purpose of institutions and regulations to align, or customers to be
more open to the product in a different context. What this strategy is lacking is the question
whether the product is still having the same goal as it was originally designed for. It is not a
requirement, however it shows that by trying to fit a product into a market, other factors can
become more important, like economic viability. The aim might shift towards trying to make it
sellable, fundable or scalable, or making it fit within the regulatory landscapes, while this
reframes from the original ideas, goals or values. It also focusses on short-term success, by
trying to get the product on the market quicker, while the original approach was based on long-
term goals.

To make this strategy responsible first of all stakeholders need to be included to see how a
redesign is most effective. This can help the goal of social relevance and acceptance work. Also,
making sure the goals are reiterated on a regular basis, to make sure the purpose of the product
stays in line with the initial goals and values, will result in the market entry in a redesigned form,
without derailing from the track the innovation was supposed to go. When promises are made
that the product will reduce environmental impact by x percent and the redesigned product
does not, that means that strategy is not moving in the desired direction, so that should be
evaluated correctly. Lastly, the perception of this strategy can be changed, where instead of
trying to adapt the product to fit the existing regulations, decisions to try to improve the
regulations can also be made. The rules and regulations can be shaped according to the
innovation, if it would be beneficial for broader society. Table 18 describes the adapted strategy
definition.

Table 18: Current definition vs adapted strategy definition based on the RMD framework

Strategy Definition following TIS framework Adapted definition following RMD
framework

Top niche A niche strategy can be adopted where A niche strategy can be adopted

strategy hand-made products can be made to where quality products can be made

order, in small numbers, for a specific
top-end niche of the market.

A skimming strategy can be adopted in
which the top niche of customers is
supplied first with a special product.

to order, in small numbers initially,
acting as feedback on how to comply
to the social demand of the mass
market.
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Subsidized niche
strategy

Redesign niche
strategy

A niche strategy can be adopted where
the productis subsidized if the use of the
product by a particular segment of users
is considered as societally relevant or
important.

A niche strategy can be adopted where
the productis introduced in a simpler
version that can be produced with the
existing knowledge, less use of resources
and therefore for a lower price.

A niche strategy can be to explore an
application where institutional aspects

Balancing quality and accessibility to
focus on consumer needs and gain
insights for broader societal benefit.
A niche strategy can be adopted
where the product is subsidized to
support innovations that are
inclusively decided to be societally
desirable, environmentally
sustainable and ethically
responsible, ensuring that public
support align with broader societal
values.

A niche strategy can be adopted
where the productis introduced in a
different version, but still complies
with the same standards the original
product was meant to deliver.
Whether that is a different
application or in an simplified
product version.

are more favourable. Mostly leads to
redesign.

A niche strategy can be to explore an
application where suppliers or customers
have no resistance to produce and use it.
Mostly leads to redesign.

Conclusion - Strategies in practice

The adopted strategies explained in Table 18 are more general theoretical descriptions. In
practice, the strategies can again mean different things based on the innovation that it is applied
to.

The “adapted top niche strategy” for hybrid protein can mean that instead of making the hybrid
protein available in top end restaurant (what happens now in for example Australia and the US)
meant as a luxury experience in small quantity, the hybrid product can be made available in the
Netherlands on a smaller scale for general customers, not with the aim of the product being
some luxury item, but to have consumers give their feedback on the product for further
refinement and also to have them serve as promotors to let the acceptance of the hybrid
product grow. When regulations allow it, it can be introduced at local butchers or supermarkets
for example, with for example small-scale tastings or introduce the hybrid product at festivals or
food markets. Collaborations can be established with universities, making it available on
campus, or with local influencers that can introduce the product to create more awareness and
slowly acceptance. Itis important here that the aim of these small-scale exposures to hybrid
products is to gather feedback and collect a better understanding of the sentiment that people
have about cultivated protein while at the same time educating them. An approval and code of
conduct was set up for pre-approval tastings of precision-fermented foods (Ministerie van
Landbouw, Visserij, Voedselzekerheid en Natuur, 2025), a similar approach can be taken for
hybrid food products.

The “adapted subsidized strategy” can in practice mean collaborating with public-private
partnerships (PPP’s). These are cooperations between the government, companies, knowledge
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institutes and NGO’s (RVO, 2022). They value following Sustainable Development Goals (SDG)
and fund projects for food security in middle and low-income countries. If PPP’s could fund
projects that assess customer acceptance, or measure environmental impacts, that can help
the development of hybrid protein products. They could even subsidize the small-scale tastings
and combine this with research.

The “adapted redesign strategy” in practice can mean first shifting the application of the product
from standalone protein product to an ingredient incorporated in another food product. For
example, when using the hybrid protein as hybrid ‘meat’ balls in soups, there are three different
reasons why this might be an interesting introduction strategy. First of all, by introducingitin
indirect manner, acceptance can grow when consumers get familiar with having hybrid
ingredients in their foods. Also, by not directly letting consumers choose for a hybrid product as
alternative for their conventional meat but as product in another product, it might increase the
willingness to consume. Thirdly, this buys innovator times to further develop the taste and
texture sensation for lower prices, as in the proposed form itis not necessary to have the same
quality of texture/taste. This still aligns with the values and final goal of the innovator, thus
making it a responsible redesign.

To conclude, the RMD framework has identified the barriers to market introduction and found
suitable niche strategies using the TIS framework to overcome these barriers in the ‘Strategy
Identification’ stage. In the second stage ‘Responsibility Creation’, the meta-responsibility
framework has categorised the responsibilities of the innovator and identified conflict between
these responsibilities or between actors. Based on these conflicts and responsibilities, the
strategies from stage one have been adapted to more responsible strategies.
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Conclusions

Each of the chapters of this thesis report have answered a corresponding sub-question that led
to answering the main research question “How can responsible strategies be designed to
overcome barriers to market introduction and large-scale diffusion of hybrid food products that
combine cultivated and plant-based proteins?”. In this section, the conclusions for each of the
chapters is touched upon. As the different chapters and its sub-questions show, two different
disciplines have been combined in this thesis, showing relevant frameworks and literature can
be combined to help aid in the way to more responsible innovation.

Sub-questions Methods used to answer Designated programme Dedicated
sub-question chapter

“How are hybrid proteins Literature MSc Life Science & Technology 1

relevant in the alternative protein

landscape?”

“What are the barriers blocking Literature MSc Management of Technology 2

hybrid protein from market Interviews

introduction and large-scale

diffusion?”

“What strategies can be applied Literature MSc Management of Technology 8

to overcome those barriers?”

“How to systematically identify Literature MSc Life Science & Technology 4

and classify innovator's Interviews

responsibilities to support
responsible market introduction

strategies?”
“How to integrate responsible Literature MSc Life Science & Technology 5
innovation principles into Interviews MSc Management of Technology

strategies for overcoming market
introduction or diffusion

barriers?”
“What responsible strategies to Designed framework MSc Life Science & Technology 6
apply to hybrid protein case?” Interviews MSc Management of Technology

Sub-question one states: “How are hybrid proteins relevant in the alternative protein
landscape?”. Chapter one has discussed that hybrid protein are relevant in the alternative
protein field, in the possible accelerate of the protein transition. The product combines the
technological feasibility and sustainable gains of cultivated protein and plant-based protein in
one product. They are addressing the limitations the plant-based protein products and
cultivated protein products face. For example, plant-based protein still struggle with the right
sensory experience that consumers accept and the nutritional values to compete with other
conventional protein sources, while the production price is attractive. Cultivated protein on the
other hand have the high production costs, and low consumer acceptance, however it closely
resembles the taste, texture and nutritional values of conventional meat. By combining these
options, cost-effectiveness of plant-based protein and sensory and nutritional advantages of
cultivated protein result in a more optimal and attractive product.

Sub-question two states: “What are the barriers blocking hybrid protein from market
introduction and large-scale diffusion?” The TIS framework in Chapter two has helped identify
the barriers that hybrid protein are facing for market-introduction. The building blocks that are
currently missing that are forming the barriers are the ‘production price’, ‘production system’,
‘network formation and coordination’, ‘customers’, and ‘innovation-specific institutions’. The
influencing conditions that are negatively impacting the market-introduction or large-scale
diffusion are ‘knowledge and awareness of technology’, ‘knowledge and awareness of
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application and market’, ‘macro-economic and strategic aspects’, ‘socio-cultural aspects’ and
‘accidents and events’.

Sub-question three states: “What strategies can be applied to overcome those barriers?”.
Chapter three has helped understand what (niche) strategies based on the outputs of the TIS
framework (barriers and influencing conditions), can be applied that aim to circumvent the
barriers specifically for market introduction. It was found in expert interviews that the barriers
can be sequential, where one barrier should be tackled first, before it is effective to work on the
other barriers. For example, regulations must allow the selling of cultivated protein, before other
barriers like customer acceptance and price can be tackled. From the TIS framework, the
proposed strategies that can be applied are the “top niche strategy”, “subsidized niche strategy”,
“redesign niche strategy” and “geographic niche strategy”. Also the “redesign niche strategy”
and “demo, experiment and develop strategy” are being applied already. It was found in this
Chapter that the niche strategies do however lack a responsible viewpoint that is needed to
make long-term sustainable innovation happen.

Sub-question four states: “How to systematically identify and classify innovator's
responsibilities to support responsible market introduction strategies?”. It was found in Chapter
4 that the TIS framework is designed with a company perspective in mind, providing a tool to
design suited strategies for sustainable market introduction of the innovation. Here, sustainable
market introduction is defined as economic sustainability. It is to a lesser degree focussed on
the social and environmental sustainability that are the two additional layers of sustainability.
Therefore, the TIS framework requires further development where the focus on social and
environmental sustainability is increased.

At the same time the meta-responsibility framework was introduced in this Chapter, that helps
operationalize theoretical elements of responsibility in R&l practices. The framework is built up
from the concepts of Pellizzoni, that itemized responsibilities into four different types: care,
liability, accountability and responsiveness. It conceptualized these types on the basis of two
facets, imputation and justification. The idea of combining the outputs of the framework was
introduced here, where combining the strategies from the TIS framework with the insights from
the meta-responsibility map results in responsibly adapted strategies.

Sub-question five states: “How to integrate responsible innovation principles into strategies for
overcoming market introduction or diffusion barriers?”. In Chapter 5, the combination proposed
in Chapter 4 was conceptualised, resulting in a combined framework named the Responsible
Market Development (RMD) framework. The RMD framework results a more responsibly oriented
framework. The output of the stage 1 (‘Strategy Identification’) provides strategies to overcome
the identified barriers using the TIS framework. These strategies still lack a certain viewpoint of
responsibility. The output of stage 2 (‘Responsibility Creation’) using the meta-responsibility
framework, provides responsibility conflicts that can help adapt or add to these proposed
strategies to make them more responsible or inclusive.

Sub-question six states: “What responsible strategies to apply to hybrid protein case?”. In
Chapter 6 the RDM framework has identified the barriers to market introduction and found
suitable niche strategies using the TIS framework to overcome these barriers in the ‘Strategy
Identification’ stage. In the second stage ‘Responsibility Creation’, the meta-responsibility
framework has categorised the responsibilities of the innovator and identified conflict between
these responsibilities or between actors. Based on these conflicts and responsibilities, the
strategies from stage one have been adapted to more responsible strategies.
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Both the TIS framework from the ‘Strategy Identification’ stage and the meta-responsibility
framework from the ‘Responsibility Creation’ stage are already existing frameworks. The TIS
framework is aimed at a company perspective and the meta-responsibility framework is also
designed for corporate purposes. The viewpoint of the innovator that has been taken in this case
is therefore applicable. However, both frameworks are in different research fields, and have not
been looked at in the same context. Both frameworks are of added value to each other and
therefore the RMD framework proposes a valuable framework for the design of strategies for
innovation to get to the market of diffuse on the market in a responsible way.

Conclusion from applying the RMD framework

The three strategies that are the output of the RMD framework for this specific case of hybrid
protein products, are the adapted top niche strategy, the adapted subsidized niche strategy and
the adapted redesign niche strategy.

The top niche strategy was lacking an inclusive viewpoint, where the focus was on providing a
high-quality product to the top end customer. The adapted strategy has added a layer of social
demand balancing technical feasibility with accessibility (an identified conflict), making the
good quality product available to a broader group of customers and using the feedback of this
group to improve the product for larger-scale accessibility. In practice this means making the
product available at small-scale local entrepreneurs in forms of tastings, or collaborate with
research institutes or universities to make it available to an interested group of consumers with
the aim of getting useful feedback for improvement.

The subsidized niche strategy was missing an inclusive decision-making description. In order for
this strategy to be responsible, the decision-making on when an innovation gets a subsidy and
where that investment comes from should be clear. It should be inclusively decided what
innovation is seen as socially relevant. In practice this could mean collaborating with public-
private partnerships and make sure there is alignment with public values.

The redesign niche strategy was lacking alighment with goals and values. It described that the
product must be redesigned in order to make market-introduction more suitable. However,
alighment with the innovators goals and values should always be prioritized. Redesigning or
changing the plan is acceptable, as long as the values and goals are not changed or neglected.
In practice this can mean introducing hybrid protein as a product for another final product first
instead of directly aiming for a final product. Goals and values stay the same, and acceptance,
development and perception can grow in this manner. A point of discussion could be looking at
how to lobby for changes in the regulations with different stakeholders, for example trying to find
ways on how to safely let tastings be approved.

Itis proposed to start with the redesign strategy and/or the top niche strategy after which the
subsidized strategy can be applied if price is still a barrier.

Missing viewpoint in stand-alone frameworks

The frameworks that are part of the RMD framework pose interesting opportunities, but also
have their limitations and challenges.

What was found in the TIS framework, is that the building blocks lack a societal value or
sustainability viewpoint. It only includes the practical viewpoint in the building blocks, like
‘customers’, ‘production system’ and ‘price’. For example, in the building block ‘production
system’, no considerations are made whether this production system can be realised in a
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sustainable manner. The same goes for ‘consumers’, a certain innovation might have a potential
consumer base, however do these consumers demand this innovation for the right reasons? For
example, a certain Al-tool that provides consumers private information from companies. The
innovation might be ready for market-introduction based on the building blocks of the TIS
framework, but is it for the right reasons? We fail to consider this using that framework only. Only
the influencing conditions ‘natural, human and financial resources’ might consider the
sustainability viewpoint, but the focus is on the resources and not necessarily on the impact.
Also, the ‘socio-cultural aspects’ as influencing condition are more focussed on the cultural
aspect, which are something different than the societal values. This is missing in the current
framework. By including the meta-responsibility framework, a responsibility layer is added in the
framework. This aims to start responsible considerations, with the added value of resulting in
the output of either added strategies or adapted strategies.

A second limitation from the TIS-framework has to do with the degree of complexity of the
innovation at stake. When identifying the strategies based on the missing building blocks, it is
seen that not the whole list of combinations is present. These combinations of missing building
blocks are also only useful when there is a clear combination of missing building blocks and
influencing combinations. When there is a more complex situation, like the used case, there
combinations are too shallow to result in a fitting strategy. When there are one, two or three
missing building blocks, the different resulting strategies can be identified and compared, and
the most relevant strategy can be chosen. However, when more than three building blocks are
missing, it is not advised to find a fitting market-introduction strategy, but rather try to find ways
to eliminate a certain barrier first before introducing it to the market.

Not only does the TIS framework have limitations, also the proposed RMD framework has
limitations and assumptions that are made.

Limitations and learnings from applying the case to the RMD framework

The limitations that the RMD framework are mainly based on assumptions and scopes that are
taken for this thesis. One of the points that should be noted is that the focus in this thesis has
been on the innovator as the main actor and the corresponding societal responsibilities are
focussed on the consumer side as they are the main target for market-introduction from the TIS
framework. However, other relevant stakeholders such as farmers or animal welfare activists are
hardly taken into account.

The RMD framework is applied to a hybrid protein case, but can be applied to any innovation that
meets the requirements of the current stage of the innovation being before market-introduction.
In that sense the framework is generalized for broader application to any innovation that meets
that requirement. This requirement is based on the scope of the TIS framework, that also
focusses on the phase from the invention to the market-introduction and large-scale diffusion in
the pattern of diffusion. Therefore, we look at the responsibilities in that phase as well. However,
as was mentioned before, other important decisions are made and responsibilities lie in the
phases before and after market-introduction. The meta-responsibility framework is not limited
to a certain phase in the pattern of diffusion, therefore, this can also be the basis from which it
looked, resulting in potentially different responsibilities coming to the surface that will be
integrated into the strategy adaptation. Figure 24 gives an overview of scope of the application of
the two frameworks.
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Figure 24: time scope of the two frameworks (TIS framework and meta-responsibility framework) on the pattern of
diffusion.

One of the questions this poses is the order in which the frameworks are applied in the RMD
framework. It becomes apparent here that the meta-responsibility framework is applicable
throughout the whole pattern of diffusion and the TIS framework only in a limited scope. Now, in
stage 1 the TIS framework is applied, and in stage 2 the meta-responsibility framework. Within
the thesis, it becomes evident that responsibility is found to be important, so if that is also the
case, why is the meta-responsibility framework not the starting-point of the RMD framework?

This different way of looking at the framework is also linked to the way the strategy is derived. It
can be tackled in two manners, either by selecting or by adapting, depending on what framework
is utilized first. If we have responsibility as a starting-point, that leads to selecting strategies that
are responsible. The other possibility, what the RMD framework now proposes, is having the TIS
framework as starting point, and thus having to adapt the strategies to make them responsible.

Additionally, a limitation is that there is a fixed amount of strategies that fit with certain missing
building blocks and causing influencing conditions. However, as each case is slightly different
and the most effective strategy is very context dependent, it can also be an option to have the
opportunity to create a new strategy. This might be useful when the proposed strategy do not
fully fit the context or is not responsible enough. This was also an improvement found when
applying the RMD framework to the case; adding extra strategies. For example, a strategy that
tackles the lack of acceptance by consumers. This strategy could entail to include more
stakeholders to the decision-making or designing of the product. By including more
stakeholders, especially ones that are not directly influenced by the innovation, but do have a
level of knowledge, a more inclusive design process can be achieved. This could result in more
acceptance from consumers if more stakeholders had their say in the design of the product.

The RMD framework also assumes that the process of finding strategies for market-introduction
is a linear sequential process, where one step at the time is taken from the beginning to the end
of the framework. The limitation of the framework is the lack of iteration steps within the process
to check whether additional insights or developments have influenced decisions within the
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process. This also applies to the limitation that the RMD framework is a combined framework,
more so than an integrated framework. This poses opportunities for further research.

Further research

The initial idea was to develop an integrated framework based on the two existing frameworks. In
light of complexity, it was decided to start with a combination of the frameworks as a basis to
build upon if possible. The framework is generalized for any innovation, and thus for further
research, integration of the two frameworks could be valuable. Based on the results and
learnings from the application of the hybrid case, some points have been learned that could lead
to an integration step. One of these learnings is that is can be interesting to integrate
sustainability as a building block stage 1 of the RMD framework, or within one of the existing
building blocks to include a sustainability viewpoint right from the start. The building blocks can
also be defined more clearly, stating also responsibility and sustainability viewpoints in the
description. For example, if the building block of production system is assessed, the description
could include whether the production system can produce the productin a sustainable manner,
even with certain thresholds or conditions that must be complied with in order to assess that
building block as present.

Further research could include looking at ways to make an integration step to policy making in
the framework. What if the output of the framework is not only strategy but also policy in how to
use the strategy with the other actors that it becomes responsible in the way we work together.
Also, can we integrate policy makers into this framework, where they are part of the stakeholders
to collaborate with or create strategies that focus on working together with policy makers to
design responsible strategies.

Marketing strategies can be further looked at, for example one specific ways of framing an
innovation, in a way that it tackles the reasons why consumers do not accept the innovation. For
hybrid protein, promote the product in such a way that is becomes clear ‘what is in it for me’ or
how the consumer would benefit from this product, would be beneficial for the acceptance.
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Appendix
Appendix 1: Overview tables

Table 1: Overview of the research sub-questions with the designated methods, programme and
CHAPTEIS, m o e 8
Table 2: Overview as means to compare the different sources of protein; animal, cultivated,
plant-based and hybrid, divided into aspects like source, amino acids content, production
process, resource usage, environmental impact, health impact, ethical concerns, costs,

consumer acceptance and taste and texture. 14
Table 3: Timeline overview of the first companies that are (in the approval stage of) selling

cultivated protein products around the globe. 16
Table 4: Timeline overview of opposition to cultivated (and plant-based) protein products. ----- 16

Table 5: Description of the TIS context, including the actors (innovative agents or stakeholders),
their roles, the collaboration links between the actors, their networks (formal and/or informal)

and institutions (formal and/or informal). -23
Table 6: Overview of the TIS building blocks, indicating which are present or not and an
elaboration on why they are present or not. 26
Table 7: Overview of the TIS influencing conditions, indicating which are present or not and an
elaboration on why they are present or not. 26
Table 8: Different segments of consumers in the addressable market for plant-based protein
products, for the US in 2024 (Good Food Institute, 2024). -----=-==mmmmmmmm oo 30
Table 9: Relation between the influencing conditions and the building blocks. 31

Table 10: Aspects that are important to the actors to be aware of. The technology includes the
theoretical background and the production system, the application includes the possible use
and risks, and the relevance includes the reasons why it is important for this product to diffuse.
The scale of high, medium and low indicates respectively that the stakeholder have a basic
understanding, good understanding or perfect understanding of the aspect. 31
Table 11: Overview of the different niche strategies that can be applied for market introduction,
where the combination of the different missing building blocks and influencing conditions result
in a specific niche strategy (Ortt et al., 2013). 35
Table 12: Overview of the types of responsibilities including the classification of imputation,
(forward- or backward-looking) and justification (assertive or receptive) that leads to the

responsibility class. 41
Table 13: TIS context, describing the TIS actor types, the specific actors in this case and their
values or goals based on the geographic location of the Netherlands. 53
Table 14: Summary of output from TIS framework applied on hybrid protein case, with in grey
additional interview inSights. —-----= oo 56
Table 15: Strategies that can be applied to the case of hybrid protein. 57

Table 16: Categorised responsibilities among moral, legal and contractual responsibilities. --- 60
Table 17: Overview of relationship between the responsibilities, either having a conflict or

synergy and the reason for this relationship. The examples are further explained in the text. --- 63
Table 18: Current definition vs adapted strategy definition based on the RMD framework ------- 70
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Appendix 2: Overview figures

Figure 1: Workflow of thesis including the topics, research questions and methods of research.

Figure 2: Production process of producing plant-based meat alternatives (Ahmad et al., 2022) 11
Figure 3: Systematic and simplified process of cultivated meat production..........cccceeuvevnneenneen. 12
Figure 4: Changes of diet patterns over time in Dutch market, between 2019 and 2023 (Merk &
Evers, 2023). In orange the meat consumers and in green the flexitarians. .......ccccceeveveiieniinnennen 15
Figure 5: Pattern of diffusion of an innovation in three distinct phases showing the percentage of
adaption of an innovation over time (Ortt & Schoormans, 2004). ....c.cccceiiiiiiiiiiiieinieeeeeeeeeeeenens 19
Figure 6: Estimated position of hybrid protein in the pattern of diffusion, after some other forms
like plant-based have made introduction and cultivated protein tasting, but still before large-
Scale Market INTrOAUCTION. c...iee ittt et et e et s ee s en s enesenesenesenane 21
Figure 7: Trends in association with protein alternatives in the Netherland over the period 2019
to 2023. In green positive associations, orange neutral associations and red negative
assoCiations (Merk & EVEIS, 2023). iuuiuniiiiiiiiiiieiie ettt etie e ete et ettt st sanssnesnessasessensensenssnnees 28
Figure 8: Visual representation of the typical phases the different TIS building blocks are located
(dark blue). The building blocks can still occur during the whole pattern, yet these points are
TYPICAl POINTS Of OCCUITENCE. c.u ettt ettt et et e e st s eaeanenesaeeensensensensanns 33
Figure 9: Current lacking building blocks and influencing conditions. .......cc..cccceeiveiiiiiiieinnennneen. 34
Figure 10: Period in the pattern of diffusion where the strategies are focussed on; market-
introduction. Before and after this time frame also important decisions are made, and
rESPONSIDILITIES Are PrESENT. cuu v ittt s e et se s et e et e eaesansansansansansenssnnnn 39
Figure 11: Visualization of the meta-responsibility framework (Sonck et al., 2019).........cc..c....... 40
Figure 12: The Collingridge dilemma of control. Over time, when developing a technology, the
controllability decreases, while the implication become more predictable (Besti et al., 2018). .45
Figure 13: The Responsible Market Development (RMD) framework, combining the TIS

framework and the meta-responsibility framework on the pattern of diffusion. ........................ 48
Figure 14: Workflow of stage 1 ‘Strategy identification’ by applying the TIS framework. ............. 48
Figure 15: Basis of the TIS framework by Ortt and Kamp. .....ceeeeieiiiiiiiiiiiiiiiirire e eeeennes 49
Figure 16: Workflow of stage 2 ‘Responsibility creation’ by applying the meta-responsibility

L= 100 1=1 o] £ ST TR PPRPIN 50
Figure 17: Meta-responsibility framework map by Sonck et al. 2019.....ccceviiiiiiiiiiiiiiiiririnnennes 50
Figure 18: Decision tree to categorise responsibilities in the corresponding quadrant of the

meta-responsibility framework following the framework of Timotijevic et al., 2021. .................. 51
Figure 19: Meta-responsibility map of the innovator mapping the responsibilities in the four

(o 111 1T o [ F= T 1 =10 | - ORI 58

Figure 20: Visual representation of the conflicts (black arrows) and synergies (grey arrows)
between the responsibilities in the meta-responsibility framework. The red responsibilities are
moral, the blue are legal and the green are contractual. .....ccceciiiiiiiiiiiiinii e 62
Figure 21: OECD guidelines for embedding RBC into policies and management systems (OECD,
D0l 2 ) P PP PP PPP PP PPPPPPPRE 65
Figure 22: Pattern of diffusion (a) and hype cycle (b) (Dedehayir & Steinert, 2016) showing the
relation between the expectations during the hype cycle in the pattern of diffusion.................. 67
Figure 23: Price-quantity curve, showing a higher price for the top niche (Piopniche) With the
corresponding top niche quantity (Quopniche) @and the lower price (Pmainstream) fOr the mainstream
MNATKET (QQmainstream) «««eeeeeeesseseerereeresenseneenesuesuessessassnssnsenssnsssessessessnssnssnsenssnssnessessessassessassnssnssnees 69
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Figure 24: time scope of the two frameworks (TIS framework and meta-responsibility framework)
on the pattern Of diffUSION. ...ttt e e et st e e easaesansensansannens 77
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Appendix 3: Interview questions guidelines

“What do you see as the barriers to market introduction or large-scale diffusion of cultivated
protein?

“And is there a difference between hybrid and full cultivated protein?”.

“Do you see hybrid product as a strategy as to introduce cultivated protein?”

“Do you agree with the following barriers, or do you feel there are barriers missing for cultivated
protein?”

e Production system = scalability

e Network formation and coordination = regulations
e Product price

e Customers

e |nnovation-specific institution (includes the regulations that is not supporting the
innovation). = EFSA

“What do you see that the ultimate goal of innovators is?

“Is it to make cultivated proteins widely available/accessible, make protein products that are
more efficiently and sustainably made, lower conventional meat sales?

“Are innovators acting towards that goal?”

We have been looking into the responsibilities that the innovator has. We have been looking into
moral, legal and contractual responsibilities.
“What do you think are the responsibilities of the innovator in this field?”

“Do you think there is conflict between responsibilities?”

For example the responsibilities they have towards investors, vs doing what is right and
sustainable. What if delivering (or making profits) is what keeps them alive, while it moves away
from the initial purpose of the innovator?

“What other actors are mostly responsible for market introduction?”

“Who else could be involved to achieve this?”

“What do you think the goal of an innovator should be?”
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