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Abstract

Deep tech (DT) startups possess transformative potential but face distinct challenges,
including long R&D cycles, high capital demands, and a focus on non-consumer
markets. This research reveals that conventional incubation models, often tailored
to agile startups, fall short in meeting the specific needs of DT ventures. Through a
multi-case study of Dutch DT startups, this study finds that incubators must adjust
their strategies to align with the DT lifecycle, particularly emphasizing business

access over generic support.

The research highlights the need for incubators to act as facilitators, connecting
DT startups with external actors such as other deep tech companies and prospective
business to business customers at early stages to mitigate costly, late-stage pivots. By
securing relevant market access from the outset, DT startups can focus on targeted
product development tailored for their complex, high-stakes markets. The proposed
framework calls for lifecycle-based support that aligns incubator support factors with
DT-specific needs, ultimately improving commercialization outcomes and supporting

broader societal impact.

These findings provide actionable recommendations for incubators and stakehold-
ers, paving the way for more effective DT incubation practices that bridge the gap

from lab to market.



Executive Summary

Deep Tech (DT) encompasses transformative innovations based on advanced scientific
and engineering breakthroughs, such as quantum computing, photonics, and advanced
materials. Unlike conventional technology startups, DT ventures are characterized
by prolonged R&D cycles, high capital demands, and complex commercialization
pathways, which often lead to high failure rates despite their immense potential to

address societal challenges such as climate change and healthcare.

Although DT startups promise disruptive solutions, their long development time-
lines and high risks discourage many entrepreneurs. These challenges contribute to a
'valley of death’, where financial, technological, and market hurdles lead to failure
for most DT ventures. The complexity and capital intensity of DT innovation often
deter investors, while conventional incubation models do not address the unique

needs of these startups.

Incubators can play a pivotal role in addressing these challenges by offering spe-
cialized support tailored to the unique lifecycle and requirements of DT startups. By
providing access to technical expertise, business networks, and funding opportunities,
incubators can help start-ups navigate critical stages of development. However,
traditional ’one-size-fits-all’ incubation practices fail to meet the nuanced demands

of DT ventures.

This thesis investigates the central question: How do the needs of DT startups
differ from those of other types of startup in their engagement with incubators, and
what implications does this have for tailoring the services provided by incubators?
A multicase study approach was used, focusing on DT startups in the Netherlands.
Data were collected through semistructured interviews and cross-case analysis, with
insights codified into tangible (e.g., infrastructure, funding) and intangible (e.g.,

knowledge transfer, network building) components.

The research highlights specific ways incubators can better support DT startups:

1. Strategic Industry Partnerships: Facilitate partnerships between DT
startups and established companies in the same industry to provide technical
expertise, market validation, and access to resources. Such collaborations can

help startups navigate early R&D challenges, mitigate risks associated with the



'valley of death’; and accelerate commercialization by leveraging the established

networks and market presence of the partner company.

2. Stage-Specific Financial and Investor Support: Recognize that DT
startups have varying financial needs throughout different stages of the life
cycle, often requiring significant investments during R&D and scaling phases.
Incubators should offer mentorship to help startups identify suitable investors
for each stage, tailor funding strategies, and refine their pitch to align with the

expectations of potential backers.

3. Customized Mentorship Programs: Develop sector-specific mentoring
frameworks that address the unique challenges of DT startups. This includes
guidance on navigating regulatory compliance, managing intellectual property,
and strategically engaging with investors and industry stakeholders at different

stages of development.

4. Extended Incubation Periods: Adapt incubation timelines to account
for the prolonged R&D and commercialization phases typical of DT startups.
Providing support beyond the traditional incubation time frame ensures that
startups have the necessary resources and guidance to overcome long-term

challenges.

By implementing these strategies, incubators can significantly improve the success
rate of DT startups, fostering innovation and societal impact. This research provides
a framework for enhancing the effectiveness of incubation practices, contributing to

the broader deep-tech ecosystem.



1 Introduction

The DT industry has the potential to reshape technological landscapes and create
new economies (dealroom.co, 2023; Fiaschi, 2024; Schuh et al., 2022). Innovations
resulting from DT are defined as disruptive solutions arising from major technological
or scientific advances that are unique and often hard to reproduce (Abbasi et al., 2022;
De la Tour et al., 2017; MIT REAP, 2022). A DT venture typically operates in in-
dustries such as advanced materials, artificial intelligence, biotechnology, blockchain,
robotics, photonics, and quantum computing (de Tommaso, 2024; De la Tour et al.,
2017; dealroom.co, 2023; Parmentola et al., 2021). However, with the potential that
DT has to offer the industry, startups originating from DT face difficulties and usually
do not survive due to long development times and complexity. Studies indicate that
only 10-20% of DT startups reach full commercialization (Parmentola et al., 2021),
while more than 90% of early-stage DT ventures face significant technical, financial
or market challenges, leading to a failure rate of 65-80% within the first five years
(S. A. Gbadegeshin et al., 2022). Furthermore, the chance of failure in the early
stages of DT start-ups can be as high as 70-90% (Colombelli et al., 2019).

Incubators play a crucial role in supporting start-up activities (Albort-Morant
and Ribeiro-Soriano, 2016; Colombo and Delmastro, 2002; S. A. Mian et al., 2016).
Incubators aim to facilitate entrepreneurial activity through an incubation program.
A business incubation program is a tool for promoting innovation and economic
development (Al Mubaraki and Busler, 2011) by providing value-adding activities to
incubatees with the intention of increasing their survivability (Berbegal-Mirabent
et al., 2023).

Incubators are widely regarded as beneficial for the performance of their tenant
ventures by providing critical resources. However, empirical evidence on the impact
of incubation support on venture performance is inconclusive. Although some studies
highlight positive results (Lee and Osteryoung, 2004; Peters, Rice, and Sundararajan,
2004), others do not reveal a significant effect, attributed to the generalized services
that incubators often provide, which may not align with the specific needs of every
startup (Chan and Lau, 2005; Meyer, 2003; Soetanto and Jack, 2016b). DT startups,
in particular, encounter distinct challenges and requirements that differentiate them
from other types of start-up (A. G. L. Romme et al., 2023; TechCrunch, 2023), sug-
gesting that conventional incubator models may not fully address these specialized

needs. This research aims to map the unique needs of DT startups against the
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support mechanisms provided by incubators.

Description of key terms in this thesis
In the context of this research, DT is defined through the traits described by deal-
room.co, 2023, which are developments that require longer/slower cycles of research
and development (R&D) for an product of emerging technology to be translated
into commercial solutions for consumers. Usually developed by highly academic

entrepreneurs (PhDs or postgraduates) (Siota and Prats, 2021).

DT and conventional technology, such as hard technology and software technology,
are often used interchangeably, but they represent distinct categories of technological
innovation. DT innovation leverages scientific and engineering breakthroughs to solve
complex problems and create new markets. In contrast, conventional tech companies
build on existing technology (In, 2024; Parmentola et al., 2021). DT startups are
characterized by high-value and hard-to-reproduce technological advances that push
the technological frontier and disrupt existing solutions (In, 2024; Pena et al., 2023;
Review, 2023). Since high-tech startups are built on technology that has already
been adopted, there is potential for rapid initiation and commercialization within
established markets (Mishanin, 2023). The diffusion process of conventional tech

startups is faster as it is marked by more rapid adoption.

1.1 Knowledge Gap

There exists a large systematic summarization of the business incubation literature.
The existing literature describes the effect of incubator activity in different regions
such as developing countries (D. Williams et al., 2019, Hermawan et al., 2019, Ma-
sutha et al., 2019, Osimo et al., 2019, Silva et al., 2019). However, research on
the incubation process is fragmented and mainly consists of the generic incubation
process (Berbegal-Mirabent et al., 2023). There is a notable lack of research that
specifically addresses DT as an industry and explores incubation methods tailored to
its unique characteristics. The mentioned support is typically suitable for companies
with traditional commercialization cycles, such as software and digital companies
(Colombelli et al., 2019; S. A. Mian et al., 2016). However, the importance of
specialized support for tech startups dealing with complex technologies is desired
(T. Williams and Nguyen, 2021 and Taylor and Anderson, 2022).
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Based on the literature, several key aspects highlight gaps in current research. A
crucial step is mapping the specific needs of DT startups to the support incubators
offer. This includes exploring the diversity of services and evaluating particular
offerings -such as monitoring, mentoring, training, and access to equity resources - to
determine whether they function as complements or substitutes (Berbegal-Mirabent
et al., 2023). In addition, it is essential to understand how these relationships are
experienced by startups and what conditions are necessary for a successful exit from
the incubator. As Hausberg and Korreck, 2020 notes, the relationship between
the typical incubation period and the extended development cycles of DT startups
is a significant factor. Similarly, the correlation between the substantial funding
required for prolonged development and the support incubators provide is critical and
warrants further exploration (Kruachottikul et al., 2023). In addition, the incubator
network and its role in fostering connections that aid the growth of DT start-ups are

vital areas for investigation, as highlighted by Kruachottikul et al., 2023.

1.2 Problem statement

Based on the knowledge gap identified in 1.1, the primary problem can be formu-
lated as follows: Despite the significant potential and impact of deep DT startups,
the prevalent 'one size fits all” incubation models do not adequately address their
specialized needs (Colombelli et al., 2019; S. A. Mian et al., 2016). These models,
traditionally designed for digital and software-based startups, offer standardized

services that do not align with the unique requirements of DT ventures.

1.3 Research Objective

The primary objective of this research is to identify and analyze the unique needs of
DT startups and to develop a framework for incubators that optimizes their support

strategies for these ventures. Specifically, the research seeks to:

e delineate the distinct characteristics and challenges of DT startups compared

to conventional tech startups,

e assess the current incubation practices and identify their shortcomings in

addressing the needs of DT startups,

e investigate the critical resources and capabilities that DT startups require from

incubators

e Propose strategies and a comprehensive framework that incubators can adopt

to enhance their effectiveness in supporting deep-tech startups.
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By achieving these objectives, the research aims to provide actionable insights to
incubators, policy makers, and stakeholders in the innovation ecosystem, contributing
to the successful commercialization of DT innovations. The study will employ a
multicase study approach, focusing on DT startups in the Netherlands, to develop a
comprehensive understanding of the incubation processes and outcomes for these

startups.

1.4 Research Questions

The central research question for this Master’s thesis is

How do the needs of deep-tech startups differ from those of other types of
startups in their engagement with incubators, and what implications does

this have for tailoring the services provided by incubators?
To address this research question, the following subquestions are posed:

1. How do the characteristics and requirements of DT startups differ from those

of conventional tech startups?
2. How do incubators currently support startups?
3. What are the capabilities that DT startups require from incubators?

4. What strategies can incubators adopt to enhance the effectiveness of their
support for DT startups, considering the unique challenges and opportunities

these startups face?

1.5 Relevance of Research

The problem mentioned above is relevant for society since there is a strong sentiment
in Europe for DT to address the biggest problems of the world, such as climate
change, healthcare and sustainable energy (“The European Deep Tech Report 2023,
2023). However, most European patents remain inactive and never find their way
into companies or products, except for the rise in machine learning patents. This
is mainly due to the complexity and substantial funding required to bring these
innovations to market (“The European Deep Tech Report 2023”7, 2023). Current
incubator models exacerbate this issue by offering short incubation periods and
focusing on startups that can achieve quick commercialization (S. A. Mian et al.,
2016). The trivial selection mechanisms in these incubators tend to favor ventures

that yield fast returns. This study addresses these challenges by exploring how
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specialized incubation strategies can better support DT start-ups, enabling them to

overcome commercialization barriers and contribute to solving societal challenges.

As mentioned in 1.1, there is limited research that concludes with a theoretical
framework for DT incubator strategies, highlighting a gap in the academic literature.

This underscores the scientific relevance of the problem statement.

MOT Relevance

In the Master of Management of Technology program, students are trained to become
technology managers or entrepreneurs in tech-driven environments, with a focus on
turning innovations into viable business models. The course "Technology, Strategy,
and Entrepreneurship’ offers a foundation in entrepreneurship and teaches how to
develop and implement innovation strategies in both large and small firms (TU Delft,
n.d.). This research aligns with these goals, examining how complex tech ideas move
from research to commercialization, with a focus on incubators supporting deep-tech

startups and practical applications of tech management theories.

1.6 Research Approach and Design

This study employs a qualitative multicase study design to explore how incubators
support DT start-ups, given the exploratory nature of the research. The goal is to
identify which support factors most benefit DT startups, particularly at the end of
the incubation process. A cross-case analysis is performed to compare the results
in multiple startups, focusing on the company level of the analysis. Data collection
involves semi-structured interviews with founders, following a flexible approach to
allow investigation of questions and capture of rich insights, minimizing researcher

subjectivity and bias (Biggam, 2020).

The research examines DT startups in the Netherlands that have been in operation
for more than three years and have undergone incubation, thus having experienced
common hurdles of complexity, financial hardship and uncertainty (A. G. L. Romme
et al., 2023). The focus is on academic start-ups, where limited business experience
increases uncertainty (Cohen et al., 2019; McAdam and McAdam, 2008). The
Netherlands is chosen for its high Universal Basic Income, which contributes to stable
and high-quality incubators (Boston Consulting Group, 2024; Fattorini and Regoli,
2020). Examples include YES!Delft and UtrechtIne, globally recognized for their
robust programs and successful results (InnovationQuarter, 2018; Utrecht University,
2018; UtrechtInc, 2024). The Dutch Incubation Association (DIA) further ensures
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incubator quality through consistent standards (Association, 2023; Failory, 2024).

The study employs an inductive approach to develop a nuanced theoretical frame-
work, using insights from the existing literature as a foundation and enriching it

through interview analysis.

The thesis is structured as follows: The next chapter reviews the relevant literature,
followed by an explanation of the research methodology. Subsequent chapters analyze
the case study findings and cross-case analysis, culminating in the development of
a final theoretical framework. The conclusion discusses implications for incubator

design and DT startup support and offers recommendations for future research.
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2 Literature Review

2.1 Introduction
The purpose of the literature study is as follows.
1. Identify the knowledge gap.
2. Select a definition of DT relevant to this study.
3. Gain insight into the characteristics of DT, such as lifecycle stages and risks.
4. Gain insight into current incubator practices and frameworks.

To achieve these goals, a methodical selection of the literature was performed,
focusing on defining the relevant characteristics of DT, examining the stages of the
life cycle, the risks and the unique challenges these startups face. The review also
addresses the most relevant incubation models available. The overarching objective
of the literature review is to highlight key factors and frameworks that can bridge

the gap between early-stage innovations in DT and successful commercialization.

2.2 Literature Selection Methodology

A literature review was conducted to understand the relationship between DT start-
ups and the support mechanisms provided by incubators. The search databases used
for this study was Web of Science. This subsection will describe the approach used

to filter and select the articles for this study.

Search Terms

To facilitate the analysis of incubator services for DT startups, a systematic literature
review is adopted, illustrated in Figure 1, adapting a multistage approach. In the
first stage, the rationale, scope and objectives of the study are defined by reviewing
previous systematic reviews in related fields (Hausberg and Korreck, 2020; Sohail
et al., 2023). These reviews were crucial in highlighting research topics related to
incubator services, with a particular emphasis on the gaps related to DT startups and
the unique challenges they face. Themes such as incubation types, entrepreneurial
ecosystems, and the role of incubation in startup growth were explored, ultimately

the focus was narrowed to services tailored to DT incubation.
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Keyweord Combination

(“deep tech incubat*” OR “deep tech and (“support” OR “ecosystem” OR
startup*”” OR. "deep tech venture” OR ‘development stages™ OR “services” OR
‘incubat®™) ‘innovation challenges™)

Database
Web of Science

Initial search
84055 articles

First level Inclusion criteria
———————— document type: Article,
Review, Articles, Early Access

First level search
37551 articles

Second level inclusion

. A Second level search
criteria dat;;;nge. 2019 14817 articles

Third level inclusion criteria research
Third level search | area: Business, Operations Research
555 articles Management, Urban Studies, Business
Finance, Development Studies,
Management

Fourth level inclusion criteria
Author screening abstract for terms f---------
Incubation and services

Fourth level search
265 articles

Fifth level inclusion criteria
—————————— Author screening through article for
relevancy

Fifth level search
74 articles

Figure 1. Five-stage process of data collection.

The literature on incubator services is often fragmented, lacking a clear synthesis,
and limited when applying it to DT startups. To address these gaps, the Web
of Science database was used, known for its breadth and inclusion of high-quality

journals (Hausberg and Korreck, 2020).

In the second stage, a comprehensive keyword strategy was developed specific to
DT incubators. This strategy was refined to ensure relevant results, avoiding overly
broad terms such as ’accelerators’ that tend to produce false positives in the context
of DT incubation (Hausberg and Korreck, 2021).

In the third stage, constraints were applied including limiting results to business
and management focused areas, document types such as articles and reviews, and
English-language publications. This produced a robust data set of 555 articles

directly relevant to understanding incubator services. In doing so, we excluded arti-
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cles from disciplines less pertinent to our research, such as engineering and healthcare.

The fourth stage involved screening the abstract of the resulting articles to ensure
that they specifically addressed incubation and services, as defined by S. Hackett and
Dilts, 2004. This allows a systematic analysis of the contextual role of incubators in
startup ecosystems, the services provided, the mechanisms driving these services, and
the results, particularly the long-term development and commercialization success
of DT startups. This process resulted in a dataset of 265 articles, covering a wide

geographic and temporal range.

In the final stage, the articles were completely reviewed and selected based on
relevance. The final selection of 74 articles provided a detailed empirical basis for

analyzing how incubators currently support tech startups.

The articles New Product Development Process and Case Studies for Deep-Tech
Academic Research to Commercialization by Kruachottikul et al., 2023 and FEzploring
the Unwversity-Industry Cooperation in a Low Innovative Region by Parmentola et al.,
2021 were particularly influential and formed the basis for developing a comprehensive
risk table for DT start-ups.

Key articles, including Business Incubators and Accelerators: A Co-Citation
Analysis-Based, Systematic Literature Review by Hausberg and Korreck, 2020, pro-
vided comprehensive insights into the services offered by incubators and their impact
on startup success. The most influential framework was derived from Bergek and
Norrman’s Incubator Best Practice Framework Bergek and Norrman, 2008, which was
deemed the most relevant for analyzing the unique needs and strategic components

management of DT startups.

Backward and forward snowballing

The reverse snowball approach was used to select the relevant incubator frameworks.
This method serves as a valid alternative to database searches, as supported by
Wohlin’s guidelines (Wohlin, 2014). The results of this process are illustrated in
figure 2.
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Figure 2. Example of snowballing effect in search process

In addition, the number of references was a primary selection criterion. However,
when examining the context of DT startups and incubators, many relevant papers,
especially the more recent ones, exhibited fewer citations than might be expected.
The selection threshold based on the citation count was adjusted to include newer
publications with emerging insights. Table 1 summarizes the criteria used to include

articles during the literature review process.

Table 1. Table of Inclusion and Exclusion Criteria

Criteria General General Netherlands- Netherlands-

Search Inclu- Search Exclu- Specific Inclu- Specific Exclu-

sion sion sion sion
Citation Count Yes No No Yes
> 100
Published in Yes No Yes No
Last 3 Years
Provides New Yes No Yes No
Data or Ideas
Findings Simi- No Yes No Yes
lar to Other
Works
Context  Spe- Yes No Yes No
cific to DT

2.3 DT Startups and Their Landscape

Throughout the current literature, it is notable that DT is often defined as novel
scientific or engineering breakthroughs. For instance, Uber and SpaceX both are
described with this definition, but differ in their technological depth. Uber revo-

lutionized transportation with its ride-sharing model (Smith, 2020), while its core
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technology is built on existing software. In contrast, SpaceX exemplifies DT through
groundbreaking advances in space exploration, such as reusable rockets, which repre-
sent significant engineering challenges (Muegge, 2019). This comparison highlights
how similar terms are used to describe different technologies. To address the first
subresearch question, "How do the characteristics and requirements of deep-tech
startups differ from those of conventional tech startups?”, DT will be defined and

characterized in this section.

2.3.1 Definition and Characteristics of DT

Romasanta et al., 2023 trace the origins of DT to a Chinese investment book from
1993. This book refers to industries such as electronics, biological engineering, and
fine chemicals. Since this article, the term DT has been used frequently in the
mainstream media. DT is a young concept and is poorly defined (Marques, 2023).

In the following subsection, a definition is set for DT.

Romasanta et al., 2023 described that DT can not be defined by a term but should
be dimensionalized. The article does this using bibliometric methods from Kovacs
et al., 2019 and found that DT can be characterized by two underlying dimensions:
impact and novelty. High impact leads to significant changes, altering how industries
operate or creating entirely new markets. However, high novelty implies that the
innovation is significantly different from existing technologies. Hence, DT does not
refer to a specific industry, but rather to industries that are more likely to be impacted
by DT technology. La Tour et al., 2022 limits DT to consisting of innovations based
on hardware, materials, and chemicals. Rakic, 2020 further differentiated between
breakthrough and disruptive innovations. Disruptive innovation disrupts the market

and creates new market niches.

Two features are noticeable; there is no exact definition for DT and it is not
restricted to a specific industry. This study will systematize the existing definitions
by classifying DT based on intrinsic definitions, keeping it separate from the lose

associations, presented in Table 2.
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Intrinsic Traits Examples of Industry References

Definitions

DT & DT Usually the result of intense R&D, Advanced materials, A. G. L. Romme

startup often originating from highly aca- Artificial intelligence, et al., 2023, Lin
demic individuals like PhD candi- Biotechnology/life- et al., 2021,deal-
dates or professors. Requires signif- sciences, Blockchain, room.co, 2023;

icant capital in R&D, industrializa- Cleantech & energy, Fiaschi, 2024,
tion, and commercialization. Takes Drones and robotics, Rathore and
a long time to reach market-ready Medtech, Photonics Agrawal, 2023
maturity. High market risk, as the and electronics, Space,

market demand for the product is Quantum Technologies.

not proven. Expected to have large

economic, societal, and environmen-

tal impacts.

Table 2. Definition of DT for this research

DT, hard-tech, and high-tech are often used interchangeably with the same terms,
but they represent distinct categories of technological innovation. High-tech refers to
technologies that are software-driven and thus less complex than DT innovations
that combine complex software with novel forms of complex hardware (Perelmuter,
2021). High-tech companies use the latest advanced technologies to enhance ex-
isting products and markets (In, 2024; Parmentola et al., 2021). DT start-ups
usually originate in university laboratories, e.g., university spin-offs, meaning that
the technology itself is new. The business strategy of DT is therefore not built
for the consumer-facing market. Instead, mainly focus on business-to-business or
government sectors (Group, 2021). Unlike projects where standard methods can

be employed at any stage to rapidly develop a product, DT projects require more time.

2.3.2 DT Startup Growth Phases

The first part of the initial sub-question is addressed in the previous section, where
the characteristics of DT are discussed. This is best illustrated by the framework

presented by Romasanta et al., 2023 in Figure 3.
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Figure 3. DT Framework (Romasanta et al., 2023)

DT startups go through a different growth model than conventional technology
startups (Schuh et al., 2022; Yusubova et al., 2019). The growth model, also referred
to as the lifecycle model, represents the different stages through which a startup
progresses from initiation to commercialization. In the following section, the first
sub-question will be further explored by examining the lifecycle model for DT star-
tups. Conventional tech startups typically follow a lifecycle model consisting of four
stages—early stage, R&D stage, growth stage and late stage—as illustrated and
defined in figure 4.
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Figure 4. Tech startups life cycle stages (Schuh et al., 2022)

Articles Borini et al., 2024 and Schuh et al., 2022, state that, while the DT
lifecycle also consists of the same four stages mentioned above, there are differences
in the characteristics of the stages. As evident in Figure 6, compared to conventional
startup, DT startup begins very slowly, with a longer development time before

reaching market readiness.

Early Stage: The Early stage of DT startups serves to develop an initial rough
concept and validate the potential of the technology. The general marketability and
technical and economic feasibility of the idea must be evaluated in close cooperation
with experts, and a sound analytical or experimental proof of concept must be
provided to justify further pursuit of the idea (Hahn and Schnedler, 2019).

R&D Stage: The R&D Stage transitions the proof of concept to a first product.
This stage also involves identifying a business model with possible clients to demon-
strate the technical and economic feasibility of the technology (e.V., 2018). The R&D
stage involves developing products and systems with high technological complexity.
This complexity contributes to the longer time to market being at least 3 - 5 years
(A. G. L. Romme et al., 2023). This stage is important because it is where DT
ventures encounter the so-called ”valley of death” (VoD), a period in which initial
components are exhausted and substantial investment is needed to scale the technol-
ogy to market readiness (Ellwood et al., 2022; A. G. L. Romme et al., 2023). The
concept of VoD is illustrated in the graph provided in Figure 5, where the horizontal
axis represents the time to market in terms of the Technology Readiness Level (TRL),
and the vertical axis reflects the components needed for technology development.
The TRL framework is a well-regarded and practical tool for evaluating the maturity
of new technologies. With its nine distinct levels, TRL helps determine how ready a

technology is at various stages of its lifecycle. This includes conducting a detailed
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system analysis, completing conceptual design studies, exploring design options, and
making informed decisions about when to begin full-scale development (Mankins,
2009). By offering a structured approach, TRL enables stakeholders to make better
decisions and efficiently allocate components as technologies progress from initial
concepts to fully developed solutions. This framework helps to understand the major
challenges that DT startups face, with VoD typically starting at TRL 4 and ending
around TRL 7. These challenges will be explored further in Section 2.3.3.

RESOURCES

commercialization
TESOHITES

research
resources

Technological,
financial &
collaborative risks

TECHNOLOGY READINESS LEVEL
Figure 5. Valley of death (Jacobs, 2023)

Growth Stage: The startup enters the market with its product, aiming to
create demand through various measures, thus confirming the actual marketability
of the product (Frick and Meusburger, 2013). The overarching goal is to establish
these additional products in the market, continue to achieve high growth rates, and

ideally create a new market segment (Siegel and Krishnan, 2020).

Late Stage: In final instance, the meanwhile proven technology must be inte-
grated into further products by the DT startup in order to start a diversification
of the product portfolio. The overarching goal is to successfully establish these
additional products on the market, continue to achieve high growth rates, and, in
the best case, establish a new market or a new market segment (Passaro et al., 2016;
Tech, 2018) While a DT startup goes through similar stages, the difference is best
illustrated in Figure 6.
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Figure 6. Commercialization time DT versus conventional (Schuh et al., 2022)

The primary differentiation between the DT and conventional startup model lies
in the extended and components-intensive R&D phase. The literature highlights
that DT growth tends to revolve more around the development of the product or
technology (TRL), whereas the lifecycle of conventional startups is more focused on

efficient organizational factors and scale-up of the product.

2.3.3 Risks and Challenges in DT Startups

In the previous subsection, the lifecycle model of DT startups was characterized
and compared to that of conventional tech startups, revealing distinct differences
in the associated risks. As highlighted by Smith and Doe, 2020, while there are
similarities, DT startups face a unique risk profile compared to conventional startups.
This is illustrated in Figure (7). A key risk is capital risk: Although conventional
startups often rely on established technologies and can quickly commercialize within
existing markets, DT startups face slower adoption due to the novel nature of their
technologies. This slower diffusion contributes to the concept of the VoD, discussed
earlier. The remaining risks, which will be explored in the next section, further
underscore the differences between DT and conventional tech, helping to address the

third and fourth subresearch questions.
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Figure 7. DT risk profile (Jacobs, 2023)

Technological Risks

As characterized in Section 2.3.1, DT refers to new technology without previous
application. This leads to uncertain and long development times (Capatina et al.,
2024; Hello Tomorrow and Bpifrance, 2019; Sadeh and Dvir, 2020) with the risk of
VoD (McCarthy, 2014). A risk associated with the development of DT is that the
technology cannot be translated into a practical application, limiting the ability to
attract investment (Mossberg and S., 2018; Ray et al., 2018; Upadhyayula V.K. Gad-
hamshetty V. Shanmugam and Tysklind, 2018). Venture capitalists, while generally
willing to assume institutional risks, often shy away from large technological risks
(Weyant, 2011).

Development often proceeds through rigorous, structured testing, in contrast
to agile, consumer-centric methods often used in shallow tech ventures (Rodriguez
Gonzélez et al., 2020). Poor technology development methods can significantly hinder
progress, making it difficult for start-ups to transition from the research stage to
commercialization (Ford and Dillard, 2018; N. Islam, 2017; Popp et al., 2017).

Financial Risks

Long timelines are a major challenge, as DT start-ups often require significant time
to mature, particularly those that involve physical infrastructure like factories or
advanced R&D. These timelines frequently exceed the typical startup fund lifecycle of
10 years (Nanda, 2020), making them less attractive to traditional startup investors.

Additionally, high capital intensity for derisking poses a barrier, as these ventures
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often need to develop costly prototypes or scale technologies before market validation,
often exceeding EUR 10 million to EUR 20 million in the first investment round
(Corporation and BpiFrance, 2021), contrasting with the lower capital requirements

of, for example, software-based startups.

Predicting production costs on an ongoing basis or gauging customer interest can
be a very challenging task, increasing the perceived risk for investors (Corporation
and BpiFrance, 2021). There is also a mismatch with startup models, as startup
financing thrives on staged investments tied to achieving milestones, such as product-
market fit. DT startups often lack early, cost-effective experiments to validate their

potential, making them a poor fit for this structured approach (Nanda, 2020).

In addition, regulatory and market barriers hinder progress, as many DT sectors,
such as energy and healthcare, are heavily regulated or involve large incumbent
customers with significant market power, reducing profitability and investor appeal
(Nanda, 2020). The past decade has also seen a decline in investment in fundamental
innovation, with VC investments shifting toward software, consumer services, and
IT. Sectors like energy, materials, healthcare and hardware have seen reduced share

of investment, indicating systemic challenges in funding breakthroughs in these areas
(Weyant, 2011).

Market & Competition Risks

Figure 7 shows that the risk of market and competition for DT start-ups is less
critical than that for conventional start-ups. Unlike regular startups, DT companies
have stronger defensibility to competition thanks to their cutting-edge technologies

at their core, IP portfolio, and teams of technical expertise (Jacobs, 2023).

DT startups, like other technical startups, often face challenges in successfully
commercializing their innovations. Success depends not only on their technical
capabilities, but also on the ability to ensure contextual relevance. Variability in
customer needs and substantial switching costs frequently pose significant barriers to
adoption (Aarikka-Stenroos and Lehtiméki, 2014; Pynnonen et al., 2019). However,
the transformative implications of DT technologies enable them to address pressing
global issues, thus generating substantial demand (Jacobs, 2023). As Kruachottikul
et al., 2023 highlights, DT startups often tackle unmet needs driven by megatrends,

further strengthening their demand potential.
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Regulatory Risks

Regulatory risks for DT startups come in the form of bureaucratic delays, institutional
pressures, and the need for strong legal support. Bureaucratic delays can significantly
hinder the progress of startups, especially in regulated industries such as medical
devices and cleantech (Brooks, 2013; Collins et al., 2016; Ouchi and Watanabe,
2009). In the life sciences sector, scholars have stated that entry into the industry
is complicated due to stringent regulations (S. A. Gbadegeshin, 2019). In addition,
startups often face institutional pressures that can stifle innovation and decelerate the
commercialization process (Earle et al., 2019; Jucevicius et al., 2016; Maia and Claro,
2013). In addition, there is a crucial need for assistance in intellectual property, legal,
and regulatory matters, which are important to business strategy and can serve as
obstacles. It is essential to provide startups with legal experts to navigate these
complexities (Kruachottikul et al., 2023).

Collaboration Risks

Researchers in academic settings often prioritize publications and intellectual con-
tributions, while industry partners focus on intellectual property protection and
market readiness, leading to conflicts over the timing of publications and patent
filings (Communications, 2020; Hudson and Khazragui, 2013; Kasenda et al., 2016;
Merceret and et al., 2018; SpringerLink, 2018; Weyant, 2011; Zhu and et al., 2019). In
addition, the success of DT ventures is dependent on the synergy between academic
researchers and industry experts. The loss of key personnel can severely disrupt the
development process, as these individuals often have unique expertise that is crucial
to the advancement of the project (Forum, 2020; Weyant, 2011).

A recent study highlighted that 50% of startups rated their collaboration experi-
ence with companies as mediocre or worse, despite 82% of corporations considering
these interactions crucial to their innovation strategy (Group, 2021). The lack of
effective collaboration has been identified as a significant driver of VoD in new compa-
nies, and several scholars attribute this to poor collaboration between organizations,
particularly with research institutes (Abereijo, 2016; Amonarriz and et al., 2018;
Byrd et al., 2017; Chi-Han and Hung-Che, 2016; Jucevicius et al., 2016; Weggeman
and et al., 2022). This issue is compounded by the conflicting logic between academia
and business, where researchers are more focused on technology development, patent
filings, and publications, while corporations prioritize profitability (Hudson and
Khazragui, 2013; Merceret and et al., 2018; Pusateri and et al., 2017; Wong, 2019;
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Zhu and et al., 2019).

Collaborations with larger companies introduce challenges such as misalignment
of key performance indicators, regulatory differences, and potential issues between

R&D and corporate venturing teams (Group, 2021; Weyant, 2011).

Human components Risk

Human components risks are a critical concern for DT start-ups, particularly in the
context of navigating the VoD. New businesses fall into this stage due to insufficient
expertise (Barr et al., 2009; Cummings et al., 2018). Entrepreneurship and leadership
skills play a critical role in overcoming these challenges (Thompson, 2018). Startups
must ensure that their teams possess the necessary skill sets, as well as access to
adequate funds, appropriate facilities, and quality materials, to pass through the
preclinical phases, especially in sectors such as medical technology ((CTTI), 2021,
Friend and Zehle, 2018; Galendata, 2023).

Moreover, the selection and composition of the startup team play a pivotal role
in determining success. As Gbadegeshin S. A. Gbadegeshin et al., 2022 points out,
one of the primary reasons for startup failure is poor team selection. This puts
importance on the necessity of assembling a team with diverse skills, including
technical expertise, business acumen, and strategic vision. The absence of skillful
personnel and necessary facilities significantly contributes to the failure of startups
in the VoD (Barrable et al., 2014; Bjork, 2006; Brooks, 2013; Byrd et al., 2017,
Dobrenkov, 2014; Liotta and Painter, 2012; Maughan, 2019; Schoonmaker et al.,
2013; Yadav, 2019; Zhu and et al., 2019).

Relationship between risk factors
It is interesting to recognize that different risks are often interdependent as is
tabulated in table 3.

The risks relationship is shown in fig 8.
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Risk Effect on Other Citations Risk Affected
Risks
Human components Leads to delays in de- Thompson Technological
risk velopment, which in (2018), Cum- Risk
turn hinders technolog- mings  (2018),
ical progress and limits Liotta (2018)
funding opportunities.
Technological risk Prevents securing Upadhyayula Finance  Risk,
funding, leading to (2018), Mossberg Market Risk

Finance risk

Market risk

Collaborative risks

project incompletion
or market delays.
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technological progress,
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ket and finance risks.

(2018),
(2018)
Henriksen (2012)

Ray
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Table 3. Risk Interdependencies in DT Startups
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2.4 Incubators and Their Role in Supporting Startups

This section aims to answer Subresearch Question 2: "How do incubators currently
support startups’ by providing an overview of the current state of knowledge based on
the literature on incubators. Business incubation has become a global phenomenon,
with widespread implementation in various regions of the world. Bergek and Norrman,
2008 define incubation as enterprises that “facilitate the early-stage development
of firms by providing office space, shared services, and business assistance.” As the
number of incubators has proliferated, diverse typologies have emerged, characterized
by differences in sponsorship, incubation phases, strategic objectives, value creation,
target markets and industries (Assenza, 2015; Bouncken and Reuschl, 2016; Capdevila,
2017; Zhang, 2022). Despite the diversity of incubators, all incubators share a common
goal: to promote entrepreneurial activity through structured business incubation
programs. These business incubation programs act as instruments for fostering

innovation and driving economic development, Al Mubaraki and Busler, 2011, by

offering value-adding activities that enhance the survival and growth of incubatees.

Collectively, these activities are referred to as the “business incubation process,” with

various models and theories developed to explain how they work.

2.4.1 Support Organizations

To gain a clear understanding of the scope of an incubator as a support organization,
it is essential to differentiate between the various types of support organizations that
exist. References used to define each support mechanism are drawn from cocitation

analyzes or systematic reviews, as presented in Table 4.

Table 4. Methods/Services Used to Support Startups and Their Lifecycle Stages

Method/Service Description Lifecycle Source

Stage
Start-up  facil- Free co-working spaces like Aalto En- Early stage  Bouncken and
ities &  Free trepreneurship Society’s initiative are Reuschl, 2016
co-working space essential for early-stage startups, pro- Capdevila, 2015

viding flexible facilities to encourage

entrepreneurial collaboration.

Continued on next page
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Table 4 — continued from previous page

Method/Service Description Lifecycle Source

Stage
Start-up Intern- Internship programs such as the Sil- Early stage  Assenza, 2015
ship Program icon Valley experience help students Bouncken and

immerse in high-growth startup cul-

tures, fostering entrepreneurial skills.

Reuschl, 2016

Incubator

Incubators for early-stage startups, in-
cluding tech and innovation hubs, sup-

port ventures until market entry.

Early stage

Capdevila, 2017
Zhang, 2022

Accelerator Pro- Three-month accelerator programs, Growth Capdevila, 2015
grams providing mentorship and investor ac- stage Assenza, 2015
cess, are crucial for growth-stage star-
tups.
Venture Capital Venture capital initiatives support Early to Bouncken and
Fund (UT) startups with international potential Growth Reuschl, 2016
from the early to growth stages. stage Zhang, 2022
Idea Lab Idea labs develop entrepreneurial tal- Ideation Bouncken and
ent by testing market potential and stage Reuschl, 2016
fostering innovative solutions. Capdevila, 2017
Awards Award schemes recognize and support Ideation Assenza, 2015
high-potential ideas, providing compo- stage Capdevila, 2017
nents for further development.
Government In- Government initiatives provide crit- Ideation Zhang, 2022
novation Facilita- ical support for startups through to Growth Capdevila, 2017
tors knowledge transfer and collaboration stage
schemes.
Public-Private These partnerships enable innovation Growth Capdevila, 2015
Partnerships districts that connect universities with stage Bouncken and
private sector components for startup Reuschl, 2016
growth.
Digital Product Programs like digital product schools Growth Capdevila, 2017
School enhance digital solution development stage Bouncken and

by integrating company professionals

with startup teams.

Reuschl, 2016
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Table 4 — continued from previous page

Method/Service Description Lifecycle Source
Stage
Spin-off University spin-offs commercialize re- Early to Capdevila, 2015
search results, turning innovative ideas Growth Zhang, 2022

into market-ready products and ser- stage

vices.

This study focuses on incubators whose primary objective is to promote the
growth of startups, rather than on corporate incubators that aim to increase the
value of the parent company (Bundl, 2023; Entrepreneur, 2023). Two types of
organizations that are worth mentioning for their involvement in DT startups are

venture builders and university spinoffs.

Venture Builder

A venture builder, unlike an incubator, is an organization that internally generates
startup ideas, assembles teams, and builds companies from scratch, taking a hands-on
approach throughout the entire process. Although incubators provide support to
external startups for a limited period, venture builders control their ventures, offering
long-term support and retaining significant equity stakes (Kiel and Arnold, 2021).
Although a venture builder is different from an incubator, it is still very relevant to
this research to incorporate the types of method a deep venture takes to support DT

ventures through their startup phase.

Since 2019, at least seven Master Thesis has been conducted around the DT
venture builder HighTechXL (Bunt, 2019; Hermsen, 2023; Mittelmeijer, 2020; Schut-
selaars, 2023; Van Andel, 2022; Van Rooij, 2023; Van Scheijndel, 2020). In particular,
HighTechXL focuses exclusively on certain technologies that are deemed valuable
to its corporate partners such as ASML, specifically in the areas of Photonics and
Quantum Technologies (HighTechXL, 2024). The article A. G. L. Romme et al.,
2023, gives a complete overview of the methods used by HighTechXL, described for

future reference in Appendix A.3.

Univeristy Spin-offs
University spin-offs are considered economically significant firms that are formed to

commercialize the research outputs of academic institutions (Bathelt et al., 2010;
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Meoli and Vismara, 2013; Vincett, 2019). These spin-offs play a crucial role in
the innovation ecosystem by transferring new technology to industry. The role of
university spin-offs is significant in regard to DT start-ups, given their reliance on
cutting-edge scientific research and advanced technologies coming primarily from
universities (Baumann and Loeser, 2010; Bonardo et al., 2010). University spin-offs
often develop from research projects that have significant commercial potential
(Bonardo et al., 2015). These spin-offs gain from the intellectual property developed
within universities (Pisano, 2010; Vincett, 2019). As such, they are well-positioned

to advance DT innovations that require a strong scientific foundation.

2.4.2 Overview of Incubation Practices

Numerous studies have examined incubators. Article Colombelli et al., 2019 highlights
their role in developing an entrepreneurial ecosystem due to the safe environment they
provide. S. M. Hackett and Dilts, 2004 offers a broader definition, stating that incu-
bators facilitate early-stage development by providing office space, shared services,
and business assistance. A more abstract definition is given by S. M. Hackett and
Dilts, 2004, defining incubators as enterprises that facilitate early stage development
for firms by providing office space, shared services, and business assistance. Given
the complexity and the need for specialized support in DT start-ups, the broader
definition by Hausberg and Korreck, 2020 seems to be the most suitable. Here incu-
bators are described as organizations that support the foundation and growth of new
businesses as a central element of their organizational goal. The impact of incubators
extends beyond only survival rates. Incubators create regional innovation ecosystems
by developing cooperation and knowledge transfer between start-ups, established
firms, and research institutions (Hochberg et al., 2015; Mas-Verdd and Roig-Tierno,
2015). In the US, startups use incubators for a wide range of activities, such as access
to facilities (50%), talent (30%), business knowledge (25%) and technical expertise
(20%) (Boston Consulting Group, 2024). Technology incubators are a crucial support
system for start-ups during their early and vulnerable stages, helping them grow
into self-sustaining businesses (Bala Subrahmanya Mungila Hillemane, 2019). The

current incubator services given in the literature are summarized in Table (5).

The literature signals that startups usually remain with a incubator during the
startups stage since they are closer to non-market oriented actors, such as univer-
sities, incubators, and business associations (Hillemane and Chandrashekar, 2019).

Typically, startups remain in incubators for around 1 to 3 years (Amezcua, 2019;
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Service

Description

Sources

Office Space

Providing physical space for star-
tups to work, including desks,
meeting rooms, and other facili-
ties.

Mian and A.; 1996, Wonglimpi-
yarat and Jarunee, 2016

Shared Services

Offering shared administrative ser-
vices such as reception, IT sup-
port, and office equipment.

Hausberg and Korreck, 2020,
Wonglimpiyarat and Jarunee,
2016

Business Assis-

tance

Providing mentorship, training,
and consultancy services to help
startups grow.

S. M. Hackett and Dilts, 2004,
Mas-Verdi and Roig-Tierno,
2015

Networking Op-
portunities

Facilitating connections with po-
tential investors, partners, and
other entrepreneurs.

Hochberg et al., 2015, van Ri-
jnsoever, 2020

Access to Fund-
ing

Helping startups secure funding
through venture capital, angel in-
vestors, and grants.

Hausberg and Korreck, 2020,
Hochberg et al., 2015

Technical Sup-

port

Offering technical components
and expertise to assist with prod-
uct development and innovation.

Colombelli et al., 2019,
Wonglimpiyarat and Jarunee,
2016

Legal and Regu-
latory Assistance

Providing support with legal is-
sues, intellectual property, and
regulatory compliance.

Hausberg and Korreck, 2020,
Mas-Verdi and Roig-Tierno,
2015

Market Research

Assisting startups in understand-
ing market trends and customer
needs.

S. M. Hackett and Dilts, 2004,
Wonglimpiyarat and Jarunee,
2016

Table 5. Documented Services Provided by Incubators

Stokan et al., 2015). Incubators maintain their operations for extended periods
employing a combination of revenue-generating strategies. One approach is to take
equity stakes in the startups they support. Typically, incubators claim 3-10% equity,
aligning their financial success with that of the startups. This model allows the
incubator to benefit from future growth and exits, such as acquisitions or IPOs
(Muegge, 2019; Sivasubramanian and Thomas, 2023). In addition, incubators often
rely on government grants and public funding to support early operations, especially
in regions where innovation is prioritized as an economic driver (Muegge, 2019;
Sivasubramanian and Thomas, 2023). Corporate sponsorship and partnerships are
another revenue source, offering financial backing in exchange for early access to
innovative startups (Sivasubramanian and Thomas, 2023). Finally, service fees for
office space, equipment, or other resources provide a steady, though smaller, stream
of revenue, allowing the incubator to cover its operational costs while maintaining

its focus on long-term startup development (Clark, 2004).
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2.5 Incubation Models

The following section presents the existing technical incubator models discussed
in the literature, which aim to analyze incubation processes (Bhaskar and Phani,
2018; Chen and Wahid, 2024). By reviewing these models, this section addresses
the second sub-question of the research. The insights gathered in this section will
then be compared with the findings of the case studies to assess whether and how

the needs of DT startups differ from the services currently provided by incubators.

The article by Bergek and Norrman, 2008, represents one of the first documented
incubation models and has been cited more than 1800 times. The article has been
deemed a strong incubator model by Flanschger et al., 2023. The framework of
Bergek and Norrman consists of three main phases: Pre-incubation, Incubation
Process, and Post-incubation. Pre-incubation, referred to as the ”idea hatcher”,
focuses on the early assessment and refinement of ideas, where incubators employ
a ”survival-of-the-fittest” approach to filter and prepare appropriate concepts for
further development. Although Bergek and Norrman’s framework provides a thor-
ough overview of the incubator process, the specific aspect of 'venture selection’ falls
outside the scope of this study. This limitation functions as a filter for assessing
the relevant incubator frameworks for this study. The primary focus here is on the

methods adopted by incubators to help start-ups.

The incubation process is the core stage where ventures receive support, referenced
in the literature as intervention, resources, or enabling factors depending on the
theory used (Crisan et al., 2019; Lose, 2021; Soetanto and Jack, 2016a; Sohail et al.,
2023; Thursby and Thursby, 2018). A model depicting the incubation process is
given in Figure 9. In its simplest form, this framework is based on CIMO theory. The
model highlights the key interventions used by technology incubators and university
technology transfer offices to facilitate the commercialization of knowledge and the
growth of startups. The model includes interventions such as selection criteria for
program entry, networking support, infrastructure provision, and training or coaching
to assist with knowledge appropriation and transfer.

Based on the theory used by the literature, the components of incubator service
are categorized into tangible and intangible factors (Lose, 2021; Yusubova et al.,
2019), as shown in Table 6.

Both types of components are important but contribute to different aspects of

a startup’s growth. Tangible services, such as access to office space with internet
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Incubation Process for Commercialisation and Growth Mechanism
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Figure 9. Incubation Process Model for tech start ups (Sohail et al., 2023)

Table 6. Incubator Support for Components Needs
Component Needs Incubator Support
Tangible Components  Physical capital (office space, labs, etc.)
Financial capital (seed capital, access to investors, etc.)
Intangible Compo- Knowledge (technical & business knowledge, mentoring,
nents coaching, etc.)
Social capital (facilitates the creation of external & in-
ternal networks, etc.)
Legitimacy (association with an established incubator,
university with a proven track record, etc.)

services or specialized lab spaces, are straightforward and essential for startups. The
rationale behind their necessity is clear—they help reduce operational costs, allowing
startups to allocate resources to other activities, while intangible components often
lead to long-term strategic advantages (Mohan and Chinchwadkar, 2022). Intangible
support factors, which often come from outside the incubator, play an equally impor-
tant role (Dagnino et al., 2016). The literature highlights that incubators, through
their external networks, act as system builders (Stam, 2015; Van Weele et al., 2018a,
2018b). By orchestrating networks that would otherwise remain underdeveloped or
even stillbirth without their involvement (Dagnino et al., 2016), they fulfill part of
the intermediary role within innovation systems (Howells, 2006). Incubators have
been described as brokers that connect startups with external actors who can provide
valuable resources (Davidsson and Honig, 2003; Paquin and Howard-Grenville, 2013).
The methods they use to facilitate this support are described in Table 7.

Most previous studies on incubation support focus on a single point in time,
typically on the pre-start or launch stage (Soetanto and Jack, 2016b; Yusubova et al.,
2019), and therefore overlook the fact that ventures’ needs can vary significantly as

they progress through different stages of development. Klaasa et al., 2019 addresses
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Table 7. Incubator Support Mechanisms

Method Explanation Citations

Community-  Deliberately connects incubated star- Van Weele et al.,

building tups with each other to increase meeting 2018b Bgllingtoft and
chances and foster community within Ulhgi, 2005 Hansen
the incubator. et al., 2000

Field- Introduces incubated startups to peers Amezcua et al., 2013

building outside the incubator, enhancing oppor- Bruneel et al., 2012

Peer-coupling

tunities for collaboration and knowledge
sharing.

Increases the mating chances between
startups by improving their ability to
engage in relationships through work-
shops and coaching.

Eveleens et al., 2017

Niesten and Jolink,
2015 Van Weele et al.,
2018b Schilke and Go-
erzen, 2010

Infrastructure Provides shared office space, facilities, Bruneel et al., 2012
support and sometimes limited funding to re- Barrow, 2001

duce startup costs and free up time for

seeking network partners.
VC- Acts as a network broker to introduce Davidsson and Honig,
networking startups to VCs, increasing the likeli- 2003 Eveleens et al.,

Deal-making

Business
learning

hood of forming valuable relationships
for investment.

Shortens the dating period between star-
tups and VCs, speeding up the process
of deal negotiations and increasing meet-
ing chances.

Increases the attractiveness of startups
to VCs through business knowledge
transfer, mentoring, and consulting ser-
vices.

2017 Patton, 2013

De Clercq et al., 2006
Hallen and Eisenhardt,
2012 Malhotra, 2013

Bruneel et al., 2012
Schwartz and Hornych,
2010 Rotger et al.,
2012

this gap by developing a framework that adapts incubation models to the lifecycle
stages of high technology startups, underscoring the importance of providing tailored
support at each stage, as illustrated in Figure 10. This framework comprises three
main stages: the bootstrapping stage, the seed stage, and the creation stage. During
the bootstrapping stage, the focus is on building the startup’s capabilities in business
skills and knowledge. In addition, tech startups require a variety of support services,
including mentorship, business advice, funding, and access to resources. The seed
stage shifts attention to launching a new product, where mentorship, business advice,
networks, funding, and innovation programs are crucial. Finally, the creation stage
focuses on scaling the startup and expanding into global markets. Klaasa et al., 2019

highlights network building and funding as the critical support services during this
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stage.

Business Incubator
Bootstrapping Stage Mppartayye Entrepreneur mindset
] ; b=+~  and knowledge
idea 171 1. Innovation and Entrepreneur training 8
! 2, Mentorship and Business Advice
3. Funding
4. Resource
W R | Support type
r Anideawith o | Seed Stage
| Tech stast-up team wantueed 1 1. Mentorship and Business Advice || Market Traction
‘ ek - 2. Network (no. of customer)
et Prototype e
J | 3. Funding
4. Innovation and Entrepreneur training
| Creation Stage | | Support type
H Product }—v Increase revenne
J | 1, Network
2. Funding

Figure 10. Framework focusing on incubation at each lifecycle stage (Klaasa et al.,
2019)

2.6 Chapter Summary

In summary, the literature review highlights the distinctive nature of DT startups,
particularly their need for specialized support and the prolonged, component-intensive
development cycles they undergo. Unlike conventional startups, DT ventures face
unique challenges, including technological complexity, extended time-to-market, and
significant financial risks. These factors necessitate an incubation model that goes
beyond traditional services. The literature review emphasizes the importance of
specialized facilities, sustained funding, advanced technological knowledge, and strong
university-industry linkages as critical components of support for DT startups. These
elements are essential for navigating the VoD. Additionally, the review examines
the roles of incubators in supporting startups, emphasizing the need for specialized
incubation practices tailored to the specific demands of DT ventures. The chapter

discusses various types of incubators and their services.

The incubation models outlined various incubator models and their roles in
supporting DT startups, focusing on best practices for component allocation and
proactive support. Key frameworks, including the comprehensive model by Bergek
and Norrman, are discussed. Other frameworks, such as those by Marcon, Klaassen,
and Rubin, highlight the need for tailored support at different startup lifecycle stages,

leveraging both tangible and intangible components.
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3 Theoretical Framework

Researchers have used various theoretical lenses to study the business incubation
process. Table 8 highlights how the theory of incubation spans across multiple
disciplines. However, much of the literature remains fragmented, often focusing on
success stories and outcomes rather than cohesive theoretical frameworks, making
much of the research atheoretical (S. A. Mian et al., 2016). For this study, the
CIMO model serves as the best approach to developing an incubator framework,
as illustrated in figure 9 of Section 2.5. The CIMO methodology aims to create
prescriptive design proposition frameworks, such as the role of incubator context
(country and incubator type), key driving mechanisms (purpose and vision), selection
of the most suitable combination of interventions (services) and identification of the
targeted outcomes depicting incubator performance (impact) (S. Cooper and Park,
2008).

The cases discussed in this research do not present the kind of abstract outcomes
or results required for a full CIMO-based analysis, since the ventures have not yet
been operational long enough to be able to make a clear measurement of outcomes.
Instead, the theoretical framework will be developed within the context of incubators
supporting DT startups. The intervention in this framework consists of service
factors that align with the service components identified through the codification of
the interview data. The mechanism refers to the positive relationship these services
have with the needs of start-ups. This Theoretical model will provide a foundation

for addressing Sub-questions 3 and 4.

Table 8. Theoretical lenses employed to study the business incubation process

Theoretical Description References

Lens

New Venture The incubator compensates for per- Bgllingtoft and
Creation or ceived market imperfections, provid- Ulhgi, 2005
Market Failure  ing resources to mitigate the problems

caused by inefficient resource allocation.

Resource-Based The incubator as an organization pro- McAdam  and
View (RBV) viding a stock of tangible and intan- McAdam, 2008;
gible resources to client firms, which S. A. Mian et al.,
contributes to their development. 2016; Patton,

2013

Continued on next page
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Theoretical

Lens

Description

References

Stakeholder The-

ory

Incubators act as bridging mechanisms
to implement the interests of key re-
gional stakeholders (e.g., triple helix,
quadruple helix).

Etzkowitz and
Leydesdorft,
2002; Mian and

A, 1996

Structural Con-

tingency Theory

Incubation mechanisms are configured
to fit the external environment and tai-

lored to local needs and norms.

Ketchen et al.,
1993; Phan and
Wright, 2005

Social Network

Theory

Incubators increase client firms’ exter-
nal network density, hence facilitating

social learning.

Hansen et al.,
2000

Real

View

Options

Client firms are supported through a
pool of available options, chosen based

on the fit with the incubator strategy.

S. M. Hackett
and Dilts, 2004

Dyadic Theory

An

Dyad, where incubation assistance is

Interdependent  Co-production

co-produced by both the incubator and

the tenant entrepreneur.

Rice, 2002; War-
ren and Morse,
2009

Institutional

Theory

The incubator’s support mechanism,
rules, and contracts offer a more struc-
tured approach to reducing uncertainty
and risk, accelerating the incubation

process.

Phan
Wright, 2005

and

CIMO Theory

The CIMO framework focuses on un-
derstanding how the context (C) and
interventions (I) of an incubator influ-
ence the underlying mechanisms (M),
which drive specific outcomes (O). This
perspective highlights the importance of
customized interventions based on con-
textual factors within the incubation

process.

Denyer et al.,

2008

Continued on next page
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Theoretical Description References

Lens

Virtual Incuba- The incubator acts as a knowledge bro- Gans et al.,
tion View ker, offering information dissemination 2003; Nowak and
in the market space of ideas to develop Grantham, 2000

mmnovative ventures.

In Section 2.3.1, the characteristics of DT startups are described and contrasted
with conventional tech startups across various stages of lifecycle. The findings of the
case study will also be contextualized according to their respective stages of lifecycle,
as shown in Figure 10, based on the framework of Klaasa et al., 2019. Although this
framework focuses on high-tech startups, for the purposes of this study, stages will
be adapted according to the findings of Schuh et al., 2022, specifically including the
early stage, R&D stage, growth stage, and the late stage.

The framework will enable categorization by placing services in tangible and
intangible categories. Furthermore, the relationship of external actors to support
services through the incubator will also be categorized according to the framework
from Marcon and Duarte Ribeiro, 2021. Based on the suggestions of Hausberg and
Korreck, 2020, the relationships between these service factors will also be analyzed,

including whether their effects are positive or negative.

Based on table 5 the current incubator services found in the literature are

summerized as:

e Shared office space and other physical facilities

Shared support services (IT, admin, etc.)

Business support: coaching, mentoring and training

Access to the incubator’s network

Legitimacy and reputation

These points are then categorized in Table 9.
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Table 9. Enabling Factors from Incubators

Category Service Factor Description Lifecycle Phase T/IT Actor
Infrastructure
Office Space Providing physical space for startups to Early Stage T Incubator
work, including desks, meeting rooms,
and other facilities
Shared support ser- Access to shared IT, administrative, and ~ All phases T Incubator
vices other necessary services
Workspace Having labs and appropriate work All phases T Incubator
spaces for product development
Startup Ecosystem Having startups located in close prox- Early phase T Incubator
imity, fostering connection and transfer
of knowledge
Financial
Network Helping startups secure funding through  Early & R&D stage 1T Financial
venture capital, angel investors, and Advi-
grants sors
Mentorship Consulting on how to approach in- Early Stage 1T Incubator
vestors for startups
Seed funding Small grants given to startups Early Stage T Incubator
Technical
Support Offering technical components and ex- R&D 1T Technical
pertise to assist with product develop- Ex-
ment and innovation perts
Legal and Regulatory Providing support with legal issues, in- All Phases 1T Legal
Assistance tellectual property, and regulatory com- Advi-
pliance SOTS
Market Research Assisting startups in understanding Growth IT Market
market trends and customer needs Ana-
lysts
Human
Business support Mentorship provided to incubatees for All Phases 1T Mentors,
business growth Coaches,
Train-
ers
Networking Opportu- Facilitating connections with potential ~All Phases 1T Network
nities partners, and other entrepreneurs Part-
ners

Matching with the Theoretical Framework

Table 9 is visualized using the concept map illustrated in figure 11. The framework
consists of nodes (boxes) depicting support factors and arrows depicting the direction
of the relationship between the concepts. The findings from the interviews will refine
this model and indicate whether more factors need to be added and if the relationship

has a positive or negative effect.
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Support Type Support Elements Lifecycle Needs Need Types

Early Stage

Lack of technical knowledge |

1
Lack of proof of concept | Technical knowledge
T

Technical expertise ‘Weak access to follow-up funding |

Workspace

Direct support R&D Stage

Lack of knowledge on scaling of producl‘ Technical knowledge

1
Lack of economic, legal, finance ‘
knowledge 7 Business kr

= Lack of marketing and sales knowledge

Ecosystem

Seed funding

Business mentorships

Indirect support Network

- Growth Stage
R Lack of market contacts |

Grants

. . T
'l Lack of diversity in product portiolio ‘ Business access

i Lack of market segment ‘

Legend

- Line arrow: tangible
service

- Dotter arrow: intangible
service

Figure 11. Theoretical framework for incubator support mechanisms based on the
literature review

4 Methodology

In the previous chapter the incubation support factors found in the literature review
are placed into a framework. The aim of following chapters is to build on this
framework and explore support mechanisms from incubators for DT startups. This
chapter describes and justifies the research methodology adopted for the aim of this
study.

In this study, a qualitative research approach is adopted to explore how DT
startups experience the incubation process, aiming to gain insights into the support
mechanisms they require. Qualitative research is particularly suited for this inves-
tigation as it allows for an in-depth understanding of complex phenomena within
their real-life contexts (Yin, 2009).

4.1 Case selection

A multiple-case study design is used, focusing on several DT startups to capture a
diverse range of experiences and perspectives. This approach facilitates the identifi-
cation of patterns and themes across different cases, enhancing the robustness of the
findings (Eisenhardt, 1989).
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DT startups provide a valuable environment for examining incubator support
mechanisms, as they often involve a combination of high uncertainty, time constraints,
and a strong drive for innovation (Grimaldi and Grandi, 2005). The selection focuses
specifically on DT startups that have undergone an incubation period, particularly
those that have faced the challenges of the VoD, where adjustments to critical deci-

sions or external support are frequently required (Oakey, 2003).

Only startups that have recently completed incubation and thus reflect current
support mechanisms will be considered. Interviews will be conducted with either a
co-founder or an employee to gather detailed accounts of their experiences. In this

study, these startups will be referred to as “cases”.

The case selection criteria include: 1) origin in the Netherlands, 2) completion of
an incubation period, 3) at least one round of investment to indicate sustainability,
4) willingness to participate in the study, and 5) ability to provide access to rich
data.

Table 10 lists the cases that were contacted for the aim of this study. In total,
eighteen DT startups have been contacted. The response rate was too low in the
beginning. Follow-up emails were sent to increase the number of cases, but due to
time constraints, seven case studies responded and were chosen for this study. One
case was excluded because while the startup was registered as DT, it did not meet
the criteria of this study to be considered as such. The DT startups were selected
from different sectors. The common denominator in five of the six startups is that
they went through YesDelft! incubator (in addition to other incubators). While the

other startup was part of a deep tech venture in the Netherlands.

Table 10. Selected DT Companies

Company Name Details
Vibrotwist Qualifies as Deep Tech: Yes

Industry: Robotics

Incubated: Yes

Years Active: 2 years (2022)
SoundCell Qualifies as Deep Tech: Yes

Industry: Medical Devices

Incubated: Yes

Years Active: 3 years (2021)
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Company Name Details
IMSystems Qualifies as Deep Tech: Yes
Industry: Robotics
Incubated: Yes
Years Active: 8 years (2016)
A-Spax Qualifies as Deep Tech: Yes
Industry: Aerospace
Incubated: Yes
Years Active: 5 years (2019)
Lightyear Qualifies as Deep Tech: Yes
Industry: Renewable Energy
Incubated: No
Years Active: 8 years (2016)
Battolyser Qualifies as Deep Tech: Yes
Industry: Energy Storage
Incubated: Yes
Years Active: 6 years (2018)

4.2 Data Collection

This study specifically employs semi-structured interviews as the primary method
(Yin, 2018). This method provides flexibility to explore specific areas of interest while
maintaining consistency across interviews (Yin, 2009). The aim of data collection is

to systematically investigate the subject, following the method outlined in Table 11.

Table 11. Main Steps in the Data Collection Process
Step Description
Preliminary Investiga- Conducting initial research through internet searches
tion and websites.

Case Selection Establishing criteria for selecting cases.

Initial Contact Sending emails to potential participants to introduce the
study and request their involvement.

Interviews Conducting interviews focusing on key aspects like

startup evolution, challenges, milestones, and business
model elements.
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4.3 Interview Guideline

The interview conducted with the startups needed to follow the guidelines of a
exploratory study. It is important that there are no guided questions and that the
information received from the interviewees is a experience(Yin, 2003). From this

experience themes are selected and coded into categories.

Table 12. Questions

Category

Questions and Scope

Growth Stages

What process did you go through from idea conception
to sustainability?

Explore the startup’s journey from inception to sustain-
ability.

Opportunity Recogni-
tion

How did your commercial thinking evolve over time?
Trace the evolution of business acumen and market adap-
tation.

Entrepreneurial Com-
mitment

How did you develop your entrepreneurial skills through-
out your journey?

Explore the learning curve and skill acquisition during
the startup journey.

Credibility

How did you attract initial funding and investment?
Understand the strategies used to gain credibility and
secure financial backing.

Technological Risk

How did you address the high technological complexity
in your product or system?
Explore how technological challenges were managed.

Hurdles
Path

Along the

What were the major hurdles you faced along the journey,
and how did you overcome them?

Identify key obstacles and the strategies employed to
navigate them.

Incubator Experience

How did the incubator contribute to your success, and
what support was most valuable?

Explore the incubator’s role in providing resources, guid-
ance, and networking.

4.4 Data Analysis

The interviews are transcribed using transcription software (with explicit permission
from the interviewee). The transcription is then checked manually and observations

are coded.
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FEach case analysis adopts a structured approach, capturing the unique challenges,
opportunities, and components encountered throughout each startup’s growth journey.
The analyses begin with an interview overview, highlighting key aspects relevant
to the research. Components are classified as tangible (T) or intangible (IT) and
summarized in a table to provide a cohesive overview of the findings, using a coding
system outlined below. By categorizing the internal and external components, the
analysis offers a holistic view of the core needs of DT startups. The coding themes are
based on the method outlined by Yusubova et al., 2019, as it provides a framework

focused on incubator support factors.

e BA - Business Access: Refers to the startup’s ability to connect with key
industry players, investors, or partners. This could include gaining credibility

with suppliers or potential customers.

e BK - Business Knowledge: Relates to the knowledge needed to navigate
the business landscape, including developing pitches, aligning products with

market needs, or planning funding strategies.

e F - Finance: Indicates the financial resources available or required, such as

funding for R&D, employee wages, or scaling production.

e TK - Technical Knowledge: Represents access to specialized technical

expertise, particularly in R&D or when transitioning to production stages.

e T /IT - Tangible / Intangible: Specifies whether the component or resource
is a physical asset (e.g., labs or equipment) or a non-physical asset (e.g.,

knowledge or relationships).

e + - Positive Influence: Indicates that a particular support element had a

beneficial impact on the startup.

e — - No Influence: Denotes that the presence of a certain factor or resource

did not notably impact the startup’s progress.

4.5 Ethical Considerations

Throughout all stages of the study, ethical issues will be considered. Participants
in the interview were informed about the goal and scope of the research and their
express permission was acquired before involvement. Strict confidentiality rules
were followed to guarantee anonymizing all personal information and replies. This
consideration of moral research methods safeguards participants’ rights and privacy,

therefore strengthening the validity and confidence in the results of the study.
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4.6 Ensuring Validity and Reliability

Validity in case research is defined by three dimensions, according to Voss et al., 2002
and Yin, 2003: construct validity, internal validity, and external validity. Construct
validity was addressed through several means. Firstly, a theoretical framework was
developed to ground the study and data collection. Additionally, all participants

had experienced incubation to avoid misconceptions or confusion.

External validity was ensured during the research design by conducting multiple
case studies following a replication logic (Yin, 2003). Cross-case analyses were
performed to strengthen the generalizability of findings. For internal validity, during
data collection, interviewees were asked to explain which actors participated in each
lifecycle phase and how they impacted startups’ innovation, thereby establishing
cause-effect relationships (Voss et al., 2002). After the interviews, participants were
debriefed and asked to correct potential misunderstandings. During data analysis,

pattern matching was applied as recommended by Voss et al., 2002.

Reliability was achieved through the development of a case study database and
the use of a case study protocol for data collection. Each startup received a report
of the findings for validation. Regarding intercoder reliability, instead of applying a
quantitative measure, the researcher performed independent analyses as outlined by
Benitez et al., 2020 and Goffin and Mitchell, 2019. Codifications from initial inter-
views were, when possible, discussed in follow-up interviews with other respondents

to ensure unbiased interpretations and a shared understanding.

Finally, following Campbell et al., 2013’s recommendations, challenges related to
discriminant capability were addressed. Discriminant capability focuses on coders’
ability to categorize text content unambiguously in complex coding schemes. To
reduce coding complexity, cases were coded once if they pertained to the creation
phase and twice for the R&D phase. In the latter, the first coding focused on the
creation phase, and the second on the development phase. This recoding technique
reduced cognitive load and minimized potential bias or errors during the coding

process.
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5 Research Results

In this section, we explore a selection of DT startups, drawing insights from semi-
structured interviews with representatives from six different startups. Each case
analysis begins with an introduction to the startup, providing context and back-
ground. The analysis then identifies and describes the specific needs of the startup,
incorporating relevant excerpts from the interview transcriptions when they provide
valuable support. The key codes derived from the analysis are highlighted in bold

and systematically compiled into a table presented at the end of each case study.

Vibrotwist

Vibrotwist focuses on revolutionizing vibration control and stabilization technology
for offshore structures. Founded in 2022 by a TU Delft PhD candidate with extensive
experience in engineering and the offshore industry, the company aims to address
the limitations of traditional systems with innovative smart materials. Its prototype
improves stability and sustainability for offshore structures, offering a cutting-edge

solution for harsh marine environments.

The cofounder had difficulty planning the time needed to overcome obstacles in

the DT startup journey.

"In theory a obstacle is very different than in reality, especially the element of

time” (Vibrotwist, cofounder)

The technical hurdles, took much longer to overcome. The step from theoretical
to being able to have a working model and applying it had unforseen issues (BK+,
R&D stage). For example, find a supplier to customize a needed part. Even with
the cofounder network, getting ahead in the supplier order list took much longer than
expected, because the needed customization was complex (BA+, R&D stage).
The self funding was sufficient to cover the costs of funding the research, but with
the prolonged time, funding was needed to pay the salary wages of the small team
(F+, Growth stage).

The grants gave Vibrotwist breathing room to continue operations. The cofounder

had difficulty reaching investors. Highlighting that he missed the knowledge on how
to present the need for a complex technology to investors or partners (BK+, R&D
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stage). Although Delft Enterpises facilitated seminars and courses for business
know-how, this was geared toward startups dealing with a product for which there is

straightforward application.

"While I knew that you could apply for grants, I was not aware of the criteria
needed, nor how to best present myself and the idea to be eligible for such a grant.
Delft Enterprises helped me with the negotiations of the deal terms” (Vibrotwist,

cofounder)

Vibrotwist had a vision that did not necessarily align with the customer needs,
pivoting this vision to market expectation was a need (BK+, Early stage). while
YesDelft! supplies the service of startup courses, these are best aligned with software,

or tech that is readily commercialized.

”Delft Enterprises gave me access to business courses offered by YesDelft! which
were geared toward tech startups. However, the information was trivial. I already
knew how to set up a business plan or how a balance sheet works.” (Vibrotwist,

cofounder)

Vibrotwist started during the Covid. This also made it difficult to gain credibility
(BA+, Growth stage) and hindered getting a suitable partner for testing.

The support of access to a network of industry contacts (BA4, R&D stage),
establishing credibility, and facilitating needed crucial connections could have accel-
erating development for Vibrotwist during the pandemic. The last obstacle which

also stemmed through the pandemic was finding employees (TK+-, Early stage).

"It was very difficult to find the right people to help us move forward. We needed
people specialized in the field that believed in the vision of the company. Even though
we secured the additional HER+ subsidy, we could not afford the full time wages of
specialized employees. Especially not through the Covid pandemic. Delft Enterprises
tried publishing vacancies with our requirements, but this was not sufficienct to attract

talent.” Vibrotwist, cofounder
At the time of the interview, only the cofounder was actively involved in Vi-

brotwist, which was in the product development phase. The company has secured

a partner and garnered interest from a potential client, but still faces challenges in
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overcoming technical hurdles. The cofounder noted that as they approached a viable
prototype, their funding needs also increased. In fact, the required investment has
tripled compared to when they first started at Delft Enterprises, primarily because

of the cost and expertise associated with bringing the product closer to validation.

Table 13. Analysis Vibrotwist

Need Type Need T/IT Lifecycle
phase
Lack of access to suppliers T R&D phase
Business Access Lack of credibility IT R&D stage
Lack of industry partner T R&D stage
. Lack of visibility IT Early phase
Business ) ) .
Specific pitch presentation for DT IT Early phase
Knowledge i
Lack of market alignment IT Early stage
. Lack of funding for wages. T R&D stage
Finance .
Lack of funds for prototype adhering T R&D stage
to validation standards
Technical Lack of employees (mechanical engi- T Early phase,
Knowledge neers) with specialized expertise R&D phase
Soundcell

SoundCell is a start-up in MedTech in Delft, specializing in the rapid diagnosis of
bacterial infections to improve the precision of antibiotic prescriptions. Founded in
2022, the company has developed a technology that uses graphene, a two-dimensional
material, to measure the nanomotion of single bacterial cells. This approach allows
for the determination of antibiotic sensitivity in just a few hours, significantly faster
than traditional methods that can take several days. Soundcell has been part of the

incubator YesDelft! since the company started.

Soundcell benefited from internal networking and highlighted the importance of
maintaining motivation during their DT journey. This need for ongoing inspiration
was addressed by Yes!Delft, which strategically co-located DT startups within the
same facility. By creating a collaborative startup ecosystem, Yes!Delft fostered an
environment where being in the same space enables startups to support each other,

helping to sustain their momentum. On the topic of network, the cofounder did
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express the need to have access to a more specialized network (BK +, early stage).

"Being surrounded in a building and physically having access to other DT startups
that have gone through VoD and can share experiences and give guidance is a great

motivator to continue believing in your viston.” Soundcell, cofounder

The cofounder also noted that, given the complexity of their technology, the
technical expertise of an incubator would probably not have significantly accelerated
development for DT startups TK=, R&D stage).

Initially, Soundcell started with just the founders, the external network access
from YesDelft! helped them grow the team to nine members by 2023 (BA+, R&D
stage).

7Yes, tripled from two people and now we are nine. They helped us find the

talents. The talents were quite helpful.” (Soundcell, cofounder)

Financially, Soundcell secured early-stage investments in September 2022. Al-
though Soundcell did not need help to directly assist in securing grants, the incubator
played an important role in developing Soundcell’s pitching skills, needed to attract
investment (BK +, early stage). Moreover, YesDelft! facilitated investor rounds,
where startups like Soundcell had the opportunity to connect with potential investors

(F+, Early stage).

Soundcell realized the importance of customer visibility as they advanced in
developing their technology. Although they were invested in refining their tech-
nology, they faced challenges in translating it into a format that met customer
expectations, particularly in hospitals. Although their solution offered a strong
value proposition, Soundcell learned that their customers prioritized simplicity and
ease of integration over complex usability. During the 2023 testing phase, when
Soundcell finally connected with a client, concerns were raised about the system’s
usability and compatibility. The hospital emphasized the need for the operating
system to be Windows-based to ensure seamless integration with existing systems
and requested a simplified interface that could be easily used by any staff member
with minimal instruction. This feedback highlighted the importance of not only
focusing on technological advancements, but also ensuring that the end product

is user-friendly and adaptable to the customers’ operational environments (BK+-,
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R&D stage).

YesDelft! provided Soundcell with a dedicated space to develop their prototype.
However, while the space was useful, it did not fully meet the needs of a MedTech
startup. If the facility had been equipped with specialized MedTech appliances, such
as cleanrooms, sterilization equipment, or advanced 3D printers, it would have helped
overcome VoD. Having a facility already equipped with these components would

have meant fewer logistical hurdles, less costs, and faster progress (T+, R&D stage).

"Setting up a cleanroom or getting access to 3D printers was something we had
to figure out early on. If you already have those components in place, it can really

accelerate your progress.” (Soundcell, cofounder)

Table 14. Analysis Soundcell

Need Type Need T/IT Lifecycle
phase
Business Lack of specialized ecosystem T Early phase,
Knowledge R&D phase
Lack of customer alignment IT Early phase
Received access to personnel quali- T R&D phase
Business Access fied with expertise
Lack of access to custom labs T R&D stage
Lack of industry partner T R&D stage
. Lack of funding for wages T R&D stage
Finance ]
Lack of funds for prototype adhering T R&D stage
to validation standards
Technical Lack of employees (mechanical engi- T Early phase,
Knowledge neers) with specialized expertise R&D phase
Infrastructure Lack of access to custom labs T R&D phase
IMSystems

IMSystems is a DT company that specializes in the development of high-precision
transmission systems that are focused on revolutionizing the traditional gearbox
industry. Founded as a spin-off from Delft University of Technology, the company is

known for the Archimedes Drive, a transmission system that is capable of significant
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improvements in efficiency, precision, and reliability over conventional gearboxes.

IMSystems gears its application towards the robotic industry.

MSystems was founded in 2016 by a team of four who connected through en-
trepreneurship courses at Delft University, sponsored by the Yes!Delft incubator.
There, they encountered patents and, through market research, developed a business
plan, realizing the potential of gear technology. Yes!Delft also facilitated connections

with angel investors, which helped them get started (EF+, Early stage).

"YesDelft! facilitated angel investors. Got us started and on the right track.”
(IMSystems, cofounder)

The team was well balanced, with each member bringing specialized expertise
to the table. YesDelft! played a important role in the early stage of IMSystems
by offering guidance on navigating the startup landscape (BK+,ES). The support
from YesDelft! helped IMSystems craft a business plan and provided assistance in

preparing their pitch for the first round of investment.

"YesDelft! was good kind of in terms of forming an initial structure of the com-

pany.” (IMSystems, cofounder)

In mid-2016, IMSystems entered the R&D stage and recognized that their cus-
tomer base would primarily come from the robotics sector. To better align with
this market, they chose to relocate to RoboValley, a hub specializing in robotics
innovation(BA+, R&D stage).

”One of the critiques we had about YesDelft! is that, although it is a university-
affiliated incubator, it’s still very broad. It caters to everyone from the univer-
sity—whether you’re developing an app, designing glasses or headphones, or even
working on quantum computers. It covers a wide spectrum of tech but doesn’t focus
on any specific field. In contrast, Robo Valley was specialized in robotics, which is
exactly the area we were moving into. This specialization, along with its extensive

industry connections, made RoboValley a better fit for us.”(IMSystems, cofounder)
RoboValley, now known as Robohouse, is an accelerator specialized in robotics

and Al. A typical accelerator, functions as a fast track growth program for startups

to provide them with mentorship, funding and components in a short-term time
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frame, usually lasting 3 to 6 months (Cohen and Hochberg, 2014). Yet, IMSystem
remained in the Robohouse program for 3 years (TM-, R&D stage) before moving
to their own office in The Hague. Robohouse was specifically useful for making

connections with the industry.
IMSystems faced challenges in gaining traction with suppliers for parts.

”The problem in the early stages, we would go to one of our suppliers, Hong
Kong gear. It’s a high precision gearboxr manufacture and we ask can you make five
of these parts? And can we have it by next month? It already takes months to get

recognized as a client let alone to begin production” (IMSystems, cofounder)

As explained by the cofounder, in his experience, establishing credibility (BA+,
R&D stage) for DT companies is essential to ensure that their requests are priori-
tized by suppliers, which often deal with highly complex and expensive components

and have a long list of orders.

It wasn’t until 2020 that IMSystems had a fully functional gearbox that could
be tested for durability, marking their first significant positive performance results.
Before then, they had no commercial product. The only way they managed to survive
this period and focus on their technology was through securing funding (F+4, R&D
stage).

”To bridge over the VoD for 4 to 5 years of DT RED, where you don’t have a
commercial product, you need a substantial amount of funding that is not typical in

the startup environment.” (IMSystems, cofounder)

The cofounder also mentioned that during their journey, they realized that while
securing investments is a well-known necessity in DT (BA4,R&D stage), finding
the right investors is also important. Unlike conventional tech, where investors often
seek quick returns, DT requires a longer timeline, making it challenging to attract

investors who understand and are committed to the extended development process.

”You also need to find the right investors because most investors are looking for
quick returns. They want to invest in your company and see a return in two or three
years. But for us, we needed investors who were in it for a longer period. It’s not

about getting a return in two or three years; it’s more like five to ten years before
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they actually see any return on their investment.” (IMSystems, cofounder)

When asked to elaborate on the investor landscape for this magnitude of in-
vestment and how it differs from earlier-stage funding, the cofounder mentioned
Series A investment rounds. Series A investments typically range from $2 million
to $15 million (Club, 2021). According to the cofounder, such investments are
common for DT startups in the R&D stage, as they are needed to fund the com-
plexity of development, including components and, most critically, the wages of the
team in this phase. These investments usually expect a return over a period of 5
to 7 years. The most common return-on-investment method in Series A rounds
is equity (Failory, 2024). The cofounder explains that you would need to travel
to the specific hub of the industry to get these kinds of investment. In the case

of IMSystems, frequent trips must be made to Japan, a pioneer in the robotic industry.

The cofounder concluded the interview by outlining his vision of an ideal incubator,
shaped by his experiences and the challenges faced in acquiring customers. He stressed
the importance of an incubator that not only has strong industry connections, but also
has a deep understanding of the specific sector in which the startup operates (TK+,
Early + R&D stage). In the case of DT, the primary challenge is demonstrating
its potential to customers. Test cases are crucial, yet often, as seen with IMSystems,
potential customers have not developed products that require the new technology.
The ideal incubator would recognize this gap and still connect the startup with
customers engaged in cutting-edge applications (BA+, R&D stage). Moreover,
access to specialized facilities and equipment would help reduce development time.
The incubator should also have the expertise to assist DT companies in pivoting
when necessary, such as guiding them toward consulting through their IP to sustain
development during extended R&D periods (IP4, Early stage). To offer this level
of support, the incubator must be highly specialized and have in-depth industry

knowledge.
Table 15. Analysis IMSystems

Need Type Need T/IT Lifecycle stage
Business Need guidance in how to navigate IT Early stage
Knowledge the startup landscape

Need to have access to customer IT R&D stage
Business Access Need access to suppliers due to cred- IT R&D stage

ibility

o7



Need Type Need T/IT Lifecycle stage
Need access to investors willing to IT R&D stage
dedicate themselves on a long trajec-
tory, without proof of product
Needs funding for wages T R&D

Finance Needs funding for travel T R&D
Needs funding for production T R&D

Time to market Does not function well with short IT R&D
acceleration programs

Technical Need environment that is specialized IT Early phase,

Knowledge in specific industry R&D

Infrastructure Need access to university labs for the T R&D
latest academic research and technol-
ogy

1P Need aid in overcoming the slow IT Early stage
length of IP process

A-Spax

A-Spax, also known as Affordable Space Access B.V., is a Dutch aerospace company

based in Delft. The company focuses on enabling in-space manufacturing and re-

search by providing infrastructure for experiments and production in microgravity

environments. A-Spax’s key innovation is their Climate Box, a system designed to

maintain optimal environmental conditions for manufacturing processes in space,

such as fiber optic production. This system is integrated into commercial space

stations and features precise temperature and pressure control to enhance produc-

tion efficiency. Additionally, A-Spax is working on a reentry spacecraft that will

safely bring payloads back to Earth after space-based production. The company

collaborates with various space industry partners and has been recognized among

Europe’s top DT startups.

A-Spax was founded in 2019 by a team of engineers, led by its cofounder, who

is featured in this interview. The company’s main mission was to develop reusable

rockets. The founders recognized the importance of being located physically in

a aerospace environment and achieved this by relocating to Delft, a key hub for
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aerospace technology (BA+, Early stage).

" At the time when we first started, we felt we were missing the energy of being
around other startups with similar goals. That’s why we made the decision to move

to Delft, which is a major hub for aerospace.” (A-Spax, cofounder)

Through the Aeorspace Incubation Center, A-Spax received affordable office space
(BA+, Early stage). The founders did not need external investment in the early
stage because they could finance the venture themselves and the focus was solely on
developing the technology (F=,Early stage). The incubator did provide networking
opportunities, voucher and coaching programs. A-Spax also received mentorship
from experts, including CEOs of other aerospace companies (TK+, Early stage).
Most important was that through the guidance received from the incubator, A-Spax

realized that they needed to pivot from their original idea (BK+-, Early stage).

"Being part of the Aerospace Incubation Center gave us exposure to the latest

developments, which inspired us to make a large pivot.” (A-Spax, cofounder)

The pivot led to the development of a climate box in 2022. Although A-Spax
received funding in the form of incubator vouchers, they were mostly self-funded.

However, the cofounder emphasized the importance of securing alternative funding
in DT (F+, R&D stage).

7And yes, incubator, played a role. So we received money from the TU Delft
incubator. The Aerospace Innovation Hub. It was a small amount. Securing just one

investment is not enough. Especially for DT companies.” (A-Spax, cofounder)

The cofounder noted that during production, they did not encounter any devel-
opment issues related to waiting on external factors, such as suppliers, due to their

credibility.

In 2023, A-Spax was recognized as one of the top 100 DT startups in Europe
by DT Momentum, a specialized bootcamp aimed at accelerating early-stage star-
tups in the DT sector. This program connected A-Spax with different inventors

(BA+,R&D stage) enabling A-Spax to accelerate operations for its re-entry capsule.
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Throughout 2023, A-Spax encountered various challenges, particularly in the
area of financial sustainability. The cofounder mentioned that the company required
financial and legal expertise for short-term projects. However, the need was not
substantial enough to justify hiring full-time employees in these areas. As a solution,
they sought part-time advisors, but given the company’s small size and limited cred-
ibility, it was difficult to secure advisors for extended periods. This added another

layer of complexity to the company’s growth during this stage (TK+,R&D stage).

"Ultimately, getting experts to commit long-term was a big challenge for a small

team like us.” (A-Spax, cofounder)

Although A-Spax chose not to patent their technology in order to remain con-
cealed from the market, the cofounder highlighted the often overlooked challenges
that startups face when it comes to trademarking (IP4, Early stage).

Currently, A-Spax is working to pivot its company direction. The cofounder
highlighted the challenges of leading an inexperienced team that relies solely on
investment rounds, without a clear commercialization strategy or actual customers.
He also emphasized the company’s specific needs when it comes to working with

incubators.

"We faced two major challenges: securing funding and establishing credibility
(BA+,RED stage). As a young and inexperienced team, it was difficult to gain the
trust of investors, even though we had solid ideas. Funding was a constant struggle
to sustain us long-term. To address the credibility gap, we brought in two experienced
advisors, one with business expertise and another with technical know-how, which
helped us refine our strategy and boost our credibility. However, even with their sup-
port, the funding process was still challenging due to our limited experience, creating

a cycle that slowed our growth.” (A-Spax, cofounder)
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Table 16. Analysis A-Spax

Need Type Need T/IT Lifecycle stage
Business Need check-ins to pivot early and IT Early stage
Knowledge stay aligned with the market
Need to be in a ecosystem with star- IT Early stage
. tups from the same industry
Business Access
Need affordable office space IT Early stage
Need to be connected to specialized 1T R&D stage
personnel to accelerate operations
Need credibility qualified personnel IT R&D stage
on team to get credibility
Finance Need funding to sustain waiting T R&D stage
phases, or pivot phases
Technical Need to get in contact with leaders IT Early stage
Knowledge from companies in the same industry
Access to temporary personnel that 1T R&D stage
has high expertise on the industry
[PNeed support with IP setup IT R&D stage

Lightyear & PhotonDelta
The following interviewee brings a combination of experience as a cofounder of the
DT startup Lightyear and as a fund manager for an ecosystem builder specializing

in DT startups focused on integrated photonics.

Lightyear is a DT company based in The Netherlands, focused on solar-powered
electric vehicles. Founded in 2016, Lightyear aims to integrate advanced solar tech-
nology directly into its cars, allowing them to charge from sunlight and significantly
extend their range. They were able to produce two vehicles, flagship 0 and flagship
1.

PhotonDelta is a Dutch foundation and ecosystem builder focused on advancing
integrated photonics. Invest in early-stage companies to help develop and com-
mercialize photonic chips, working closely with hardware accelerators and venture
builders like HighTech XL to create ventures leveraging this technolog. PhotonDelta

differs from traditional incubators in that it focuses on investment and ecosystem
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growth rather than direct mentorship or components.

The cofounder’s journey began in 2013 when he participated in the World Solar
Challenge, where he was responsible for the battery management system. Afterward,
he pursued a master’s degree and, in 2015, while working in ASML’s power electron-
ics department, the Volkswagen Emission Scandal occurred. This scandal caused
frustration, as it highlighted the lack of interest in alternative technologies such as
solar powered cars to address emissions issues. This frustration sparked the idea for

Lightyear, and the cofounder eventually took on the role of CFO.

Lightyear joined an incubator to help them develop a business plan tailored to
investors and scale up their operations (BK+, Early stage). However, their time
in the incubator was short-lived. In 2017, they were approached by HighTechXL, a
DT venture builder (explained in section 2.4), which was then in its early stages as
an incubator. Despite the opportunity, the team chose not to join due to the equity
stake HighTechXL required (BK+, Early stage).

"My experience is mixzed. Sometimes it works. It really depends on what the
value proposition is of the incubator, but also the ambitions of the startup. In the
beginning of Lightyear we joined an incubator, the workshops helped with giving us

perspective.” (cofounder & Fund Manager))

In the years following 2016, Lightyear made enough investments to grow the com-
pany to 120 employees. However, the automotive industry had a lack of enthusiasm.
In early 2023, lightyear faced a shortfall of 10-15 million euros, which was crucial
for implementing the final testing and validation of the cars (F+, Growth stage).
This lack of funds prevented them from bringing the car to the market. Currently,

Lightyear is still active, but in a very small form with less than 20 employees.

The cofounder highlights financial sustainability as the most critical need for DT
startup success. Reflecting on VoD, he emphasizes that cash flow is key to navigate
through this challenging phase (BK+, R&D stage). He further explains that the
current issue with incubators is their inability to solve the VoD problem. Instead of
helping startups overcome it, they simply identify the stage of the VoD the startup is
in (BK+, R&D stage), without providing the financial support needed to bridge
the gap.
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In 2020, the cofounder stepped down from the CFO role. He then joined Photon-

Delta as a fund manager.

During his time at PhotonDelta, he had the opportunity to work with many
DT startups in the photonics industry. The cofounder then turned fund manager
emphasizes that DT startups require patience, access to high-risk capital (BA+,
R&D stage + Growth stage), and a strong appetite for risk. He believes that it
is better to fail early and pivot, rather than commit to investments for several years

before realizing that you are heading for bankruptcy (BK+,Growth stage).

”The worst thing for a startup, and this happened to Lightyear, is to get halfway
through the Valley of Death, and then the money runs out. That just makes the
Valley even deeper because you are scrambling for plan B, plan C, talking to more
and more investors, which takes time and focus away from the actual product devel-

opment.” (cofounder & Fund Manager))

The fund manager explains that many DT startups tend to be technology-driven
‘push’ companies, focusing on their innovations rather than aligning with the actual

solutions the market needs (BK+, R&D stage).

”90% of the time, DT tends to be IP- or hardware-driven, pushing technology
with the mindset I have the solution, now let’s find the problem’. Ideally, incubators
should have stable connections with industry, markets, and real-world problems. They
should be able to properly identify problems that can be solved with hardware, so
DT companies can develop their solutions based on that knowledge and experience.
There is an element of expertise needed to understand what companies have on their
roadmaps and how they can get closer to their customers.” (cofounder & Fund

Manager))
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Table 17. Analysis Lightyear & PhotonDelta

Need Type Need T/IT Lifecycle stage
Business Needed support in planning business [T Early stage
Knowledge plan tailored to investors
Need partner models that do not in- IT Early stage
. volve equity
Business Access ]
Need qualified personnel on team to 1T R&D stage
get credibility
Need access to investor strategy mod- [T R&D stage
els that offer a positive cashflow
Need of active strategies to overcome [T R&D stage
VoD, instead of analysis on why in
the VoD
Need high risk capital investors T R&D stage,
. Growth stage
Finance
Need to take early risks and pivot T R&D stage,
quickly, while having a confident plan Growth stage
for the long development trajectory
Need of larger funding strategies for T Growth stage
scaling for market production
Need access to investor models that 1T R&D stage
offer a positive cashflow
Technical Need focus on aligning with market IT R&D stage
Knowledge needs rather than pushing out tech-

nology and hoping for an application

Battolyser Systems

Battolyser Systems was invented in 2018 by a team at TU Delft and is a hybrid

technology designed to store electricity and produce hydrogen. This device (named

Battolyser) combines the functions of a battery and an electrolyzer, allowing for

flexible use depending on the needs of the energy grid. When there is a surplus of

electricity, the Battolyser stores energy like a traditional battery, and when that

storage is full, it can switch to producing hydrogen by splitting water molecules. This

makes it an ideal solution for renewable energy systems. The Battolyser interviewee

has the current role of a business developer. He has been with Battolyser systems

since the beginning of 2018 and was the first employee hired. He will be referenced

64



in the remaining of this analysis as BD.

The concept for Battolyser Systems originated from a professor at TU Delft
within Delft Enterprises, as required by the university at the time. However, this
association with Delft Enterprises was brief. Battolyser Systems continued as part
of Proton Ventures (an established DT company specializing in ammonia), with
whom the professor collaborated closely, leveraging their expertise and infrastructure
(BA+, Early stage). Although Delft Enterprises played a role in the early stages,
most of the initial funding from the company came from private investors, supported
by Proton Ventures. The conducted interview was with the second employee the

company took on, now the company has grown to 120 employees.

“Battolyser Systems resulted through a power of networking and credibility” (Bat-
tolyser Systems, BD)

Battolyser Systems has maintained its growth primarily through investor funding.
According to the BD, the company now has a megawatt commercial demonstrator,
but before reaching this milestone, they were entirely dependent on external funding.
The interviewee emphasized the challenges that DT startups face, particularly those
in the B2B space, in attracting investors without a reference product in operation
(F+, R&D stage). This dilemma was aptly described as the “chicken and egg

problem.”

“We don’t have a business to consumer product that you can launch quickly;
our focus is on business-to-business solutions in a requlated environment. As you
mentioned, being a DT startup means that our development process takes time. It’s
not like building an app where you get user feedback in three months and roll it out.

It requires patience.” (Battolyser Systems, BD)

Furthermore, the BD explains that even when the technical side is correct, ob-
taining the necessary permits can be a significant challenge (BK+, R&D stage).
These delays create a cyclical issue: You need resources to obtain permits, but to
get those resources, you need a working product that has already gone through the

permitting process.

When Battolyser Systems transitioned to the development phase, securing fund-

ing became a priority. As the BD explained, it was not necessary to deliver a highly
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detailed pitch to investors. Investors approached by companies such as Battolyser
Systems typically already understand the potential of technology, as they are ex-
perienced in the industry. In most cases, the founders of DT companies already
have established contacts in their respective industry, so by the time they reach the
development stage, investors are already aware of their work (F4, Growth stage).

These investors often provide a different kind of funding, known as “patient capital”.

“I don’t think a lot of extra push is needed to attract investors in DT. When a
company has a strong, qualified team and is well recognized, that naturally draws in

investors on its own.” (Battolyser Systems, BD)

One of the key challenges was attracting employees. For a period, BD was the
only employee, and it proved difficult to find suitable candidates who were excited
about the company’s vision. This created a bottleneck as it took time to onboard
new hires, causing progress to slow down in certain areas. In addition, BD provided
information on the type of investment that falls under patient funding. Explain that
patient funding is mainly correlated with type A investments. Citing that regular
trips are made to the state of Texas and New York for investor conferences (BA+,
R&D stage). This type of investment was needed by Battolyser Systems specifically

when scaling from laboratory-scale to pilot-scale manufacturing.

“It 1s difficult to progress alone. This is a problem for DT. As a founder in DT
you are already on the edge of the spectrum. Especially if you reach bottlenecks in
the technology (BA+, RED stage).” (Battolyser Systems, BD)

BD emphasized that acquiring the right talent is a critical step to advance the
development of DT. A potential solution, according to BD, is to create partnerships
between DT startups and PhD candidates in relevant fields, while promoting these

startups within universities. BD views universities as a key enabler of DT progress
(TK+, R&D stage).

The Battolyser system is currently, as the BD phrased, "entry into the growth
stage”. A prototype is on display and is being validated. The BD finished the inter-
view stating that in his experience, incubators are very selective to certain startups
that already show promise and have a team formed. Thus, selecting companies that

are well in the development of an application that stems from that technology (BK-,
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growth stage).

“An incubator exists to create value for society in general. Being selective in a

startup that you know will flourish is looking at your own success, which I understand

from an incubator performance perspective, but then only selected technology gets
attention.” (Battolyser Systems, BD)

Table 18. Analysis Battolyser Systems

Need Type Need T/IT Lifecycle stage
Need to be linked with another DT IT Early stage
Business Access company in the same industry from
the start to balance ideas
Need partnerships with experienced IT R&D stage
individuals to extend expertise
Need to have investors types that do T Growth stage
not only want equity returns
Need to have insight on international T R&D stage
market
. Support in attracting investors with- IT R&D stage
Finance
out having a reference product
Need strategies to gain investments [T R&D stage
for a vision that has not yet been
validated
Type A investment for lab-scale to T R&D stage
pilot scale for prototype
Technical Need access to specialized talent IT R&D stage
Knowledge through university programs
Business Need to be in an open selection pro- IT Growth stage
Knowledge cess
Finding and attracting employment IT R&D stage

through university PhD programs

5.1 Cross-Case Analysis

In the following subsection, the key similarities and differences across the cases will

be presented. These will then be discussed in relation to the current findings in the
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literature in the next chapter.

Components Analysis

As none of the selected ventures had reached the growth stage during the incubation

period, only the needs and support elements for the early and R&D stage are pre-

sented. At the end of the section, we contrast the different cases and investigate how

the support elements in the different development stages have affected the startup.

Table 19 consolidates the needs identified in each interview, with an additional

column indicating the frequency (freq) of the occurrence of each need in the different

interviews. In particular, business access and business knowledge emerge as the most

frequently mentioned category.

Table 19. Consolidated Cross-Sectional Analysis

Need Type Need T/IT Lifecycle Freq
Need to be linked with another DT IT Early stage 1
company in the same industry from
the start to balance ideas

Business Access ) ) )

Need partnerships with experienced IT R&D stage 1

individuals to extend expertise

Need qualified personnel on team to IT R&D stage 2

get credibility

Need access to suppliers T R&D phase 1

Need to be connected to specialized 1T R&D stage 1

personnel to accelerate operations

Need industry partners T R&D stage 2

Need high risk capital investors T R&D stage, 1
Growth stage

Need employees (mechanical engi- T R&D phase 2

neers) with specialized expertise

Need funding for wages T R&D stage, 3
Growth stage

Need funding for prototype adhering T R&D stage 2

. to validation standards

Finance

Need funds for travel T R&D stage 1

68



Need Type Need T/IT Lifecycle Freq
Need funding to sustain waiting or T R&D stage 1
pivot phases

. Need access to specialized talent IT R&D stage 1

Technical ] .
through university programs

Knowledge ) o
Need an environment specialized spe- [T Early stage, 1
cific industry R&D stage
Need support in attracting investors IT R&D stage 2

. without having a reference product

Business _ N
Need strategies to gain investments [T R&D stage 1

Knowledge B
for a vision that has not yet been
validated
Need larger funding strategies for T Growth stage 1
scaling market production
Need guidance in navigating the IT Early stage 2
startup landscape
Need check-ins to pivot early and IT Early stage 1
stay aligned with the market
Need market alignment IT Early stage 2
Need to be in an open selection pro- IT Growth stage 1
cess
Need active strategies to overcome IT R&D stage 1
VoD, rather than analysis on why in
the VoD

Legal Knowledge Need support with IP setup IT Early stage 1
Lack of access to custom labs T R&D phase 4

Infrastructure
Need affordable office space IT Early stage 1

The needs can be translated into tangible and intangible service factors, as illus-

trated in Figure 12.

Business Access: Access to specialized industry networks and partnerships is

critical for DT startups to navigate unique technical and developmental challenges.

Battolyser Systems initially benefitted from funding through Delft Enterprises but

only gained significant traction after partnering with Proton Ventures. This partner-
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Figure 12. Tangible and Intangible components

ship provided the specific expertise and infrastructure needed to overcome technical
obstacles, demonstrating that DT start-ups require the support of established players

within their specific industries.

IMSystems, after an early stage with YesDelft!, experienced a similar need for
specialized support in the R&D phase. They transitioned to RoboValley, a robotics-
focused incubator, where they gained insight into market applications for their
Archimedes Drive and connected with potential investors more attuned to robotics.
This specialized environment allowed them to strategically assess where their tech-

nology could fit in the industry and access a targeted network of overseas investors.

Likewise, A-Spax improved significantly after establishing a relationship with the
CEO of another aerospace company, underscoring the importance of sector-specific
networks. For Vibrotwist, access to networks and personnel geared toward DT’s
unique needs was crucial, as general incubator guidance often fell short for DT.
The experience of Soundcell further highlights the value of aligning with customer
requirements from the beginning. The company’s late-stage adjustments to meet
client needs underscored that earlier access to relevant customer feedback would
have streamlined their design process. Similarly, Lightyear’s cofounder, now at
PhotonDelta, emphasized that DT startups should prioritize identifying customer
needs over merely navigating the VoD, a change that accelerates product-market fit

and resource allocation.
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Finance: Funding is a challenge for DT startups, particularly during the R&D
and growth stages. High-risk capital is often needed to bridge the VoD, as illustrated
by companies such as Lightyear and PhotonDelta. The importance of sustainable
financial models was emphasized, particularly in industries requiring long timelines
and complex technologies. In the growth stage, companies such as Battolyser noted
that substantial funding was necessary to cover wages and meet prototype validation
standards. Series A investments, typically with long-term returns, were crucial to
support scaling and commercial production efforts. Vibrotwist and Soundcell further
emphasized that different stages require different funding approaches, highlighting
the need for patient capital and strategic funding sources that align with the long-
term development needs typical of DT startups. Interesting to note is that funding

becomes a greater need in the later stages.

Technical Knowledge: IMSystems faced challenges in securing specialized
engineering expertise due to the niche requirements of their field. Notably, they
emphasized that this technical expertise was sourced outside the incubator. Soundcell
highlighted that the high level of expertise needed was beyond the scope of incubators,
as DT founders are often at the forefront of their technology. Battolyser Systems
added that a larger expert team enhances credibility. Partnerships with university
programs were commonly mentioned as an effective way to bridge these technical
knowledge gaps. In addition, DT startups frequently require industry-specific work
environments. Both A-Spax and IMSystems stressed that access to specialized
facilities, such as labs designed for fields such as aerospace or robotics, significantly

accelerates development during the early and R&D stages.

Business Knowledge: The cases highlighted a need for diverse business knowl-
edge, especially in financial management, industry-specific pitching strategies, and
scaling techniques. Battolyser Systems noted that although DT investors often seek
them out due to their specialized field, startups generally lack the expertise to deliver
customized pitches to these backers. This gap was highlighted in all cases, with the
consensus that both the financial and pitch strategies must align with the distinct ex-
pectations of the DT investors. IMSystems and Soundcell emphasized the importance
of mastering financial language and capital management for sustained growth. Al-
though IMSystems benefited from a cofounder with a business background, they still
faced challenges in understanding complex, long-term investor contracts, an essential
skill given the binding nature of DT investments. Vibrotwist echoed this, identifying

contract comprehension as a critical yet frequently missing resource for DT teams.
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Their cofounder suggested that incubators should focus on adapting standard busi-
ness knowledge to DT-specific demands, enabling startups to build robust financial

strategies and investor relations suited to the complex and capital-intensive DT sector.

Legal Knowledge: Two of the three cases highlighted the importance of estab-
lishing and managing IP and legal frameworks, especially in the early stages. For
example, Vibrotwist required support for IP setup to protect its innovative solutions,
while Battolyser Systems emphasized how IP is essential for credibility and survival.
IMSystems also faced challenges in securing IP and benefited significantly from the
guidance of YES!Delft in navigating this process. Similarly, Soundcell sought insights
from other DT startups that had gone through the IP journey to optimize their
approach.

Infrastructure: The need for specialized infrastructure, including custom labs
and equipment, is a recurring theme among DT startups, especially in R&D stages.
Soundcell, for instance, faced challenges due to a lack of access to MedTech-specific
equipment like cleanrooms, which presented logistical hurdles in their R&D phase.
Affordable office space within DT ecosystems was also cited as a valuable resource
for early-stage startups to alleviate financial stress. Companies such as A-Spax and
Vibrotwist highlighted the benefits of operating within collaborative environments
that support growth and R&D activities, emphasizing the incubator’s role in offering

accessible and industry-aligned facilities.

5.1.1 Differences among cases

The performance of ventures and the influence of incubator support throughout
the development stages is illustrated by the cases of Vibrotwist, Soundcell, IMSys-
tems, A-Spax, and Battolyser Systems. Each of these ventures encountered unique

technical and business challenges shaped by their respective incubation environments.

Vibrotwist faced significant R&D delays attributed to supplier issues, a common
hurdle in DT ventures. Despite the support of Delft Enterprises, which helped secure
grants, Vibrotwist lacked specialized business training to manage complex technology.
The founder highlighted that while basic training was available, it was unable to
address the unique challenges of DT commercialization. This lack of tailored business

knowledge created a gap in aligning the vision of the venture with market expectations.
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Soundcell advanced rapidly with initial financial backing, allowing the team to
quickly develop a prototype. However, adjusting the product based on user feedback
became essential because of usability issues in real-world healthcare settings. Yes-
Delft! played a crucial role in expanding Soundcell’s network and talent pool, but
the startup noted a need for specialized MedTech resources and more targeted men-
torship, which would have been beneficial for navigating regulatory and integration

challenges in hospitals.

IMSystems faced challenges in building credibility with suppliers essential to their
product development. RoboValley’s specialized robotics support enabled IMSystems
to bridge some of these gaps, but the mismatch between investor timelines and
the prolonged R&D phase hindered their progress. The experience of IMSystems
underscores the value of patient capital in DT, as typical investors often seek faster
returns, which can lead to delayed development when timelines are not aligned.

A-Spax benefited from the feedback from the mentors, leading to a pivotal shift
from reusable rockets to space-based manufacturing. This pivot, heavily supported
by the Aerospace Innovation Hub, enabled A-Spax to capitalize on emerging market
trends and access specialized networks in the aerospace industry. However, A-Spax
faced challenges in securing long-term advisors with industry-specific expertise, which

was crucial for credibility-building in the R&D phase.

Battolyser Systems leveraged academic partnerships and industry support to
grow, although hiring specialized talent became a bottleneck as they scaled. The
company’s focus on B2B solutions meant that aligning their technology with market
needs was critical. The founder highlighted the challenge of accessing investors
who understand the complexities of DT timelines and are willing to provide patient

capital, a need often unmet by traditional funding models.

The impact of the support elements varied significantly across stages. In the early
stage, incubators such as YesDelft! and Aerospace Innovation Hub were instrumental
in business planning and networking for companies like Soundcell and A-Spax. In
the R&D stage, credibility with suppliers and access to funding were pivotal for
Vibrotwist and IMSystems, highlighting how DT ventures often require tailored
support not typically offered in standard incubator programs. In the growth stage,
the challenges of customer alignment became evident for Soundcell and Battolyser

Systems, underscoring the importance of integrating customer feedback early in
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product development.

The stages of the lifecycle of these DT ventures illustrate the critical need for
targeted support in navigating technical, financial, and strategic hurdles, following
suggestions from (Schuh et al., 2022), as detailed in Table 20.

Table 20. Life Cycle Stages mapped according to the interview cases

Stage Key Activity = Description

Pre-Seed Identify a far-reaching problem,
form a core team, and conduct
fundamental research.

Early Stage

Seed Assess market viability, develop a
business plan, and raise capital for
R&D.

Start-up Provide proof of concept, advance

technology development, and es-
tablish R&D structures.

First Stage Build a prototype, test function-
ality, identify target markets, and
define value propositions.

Second Stage Transform the prototype into a
Minimum Viable Product (MVP)
and demonstrate practicality.

Third Stage Develop the MVP to series matu-
rity, establish scalable processes,
and set up pilot production.

R&D

Fourth Stage Launch the production-ready
product, implement marketing
and sales strategies, and prepare
for IPO.

IPO Penetrate core markets, expand
production and logistics, and in-
tensify sales and marketing activi-

Growth Stage

ties.
Emerging Expand and improve existing ac-
Growth tivities, explore adjacent markets,

and seek economies of scale.

In terms of overall achievements, Vibrotwist was able to continue operations due
to grant support, though it struggled with investor alignment. Soundcell expanded
rapidly, but had to make product modifications for usability. IMSystems gained long-
term viability through RoboValley’s specialized support, while A-Spax successfully
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pivoted, showing the value of strong mentorship. Battolyser Systems scaled up but

faced hiring challenges due to the specialized nature of its work.

Components Analysis

Based on the case studies, incubators typically provide a combination of internal and
external components. Internal components are often intangible, such as guidance
in navigating the business landscape, regulatory mentorship, IP management, and
strategic decision-making support, as shown in Table 12. Mentorship, a key internal
component, can help with pitch preparation, business pivots, and other critical
decisions. Credibility plays a significant role in attracting high-quality mentors and

expert advisors, accelerating startup growth.

External components, such as access to networks, facilities, and investors, were
consistently highlighted as having more impact. All cases emphasized the importance
of funding as critical to maintaining operations. In addition, access to external
networks was mentioned in every case, including testing facilities and laboratories,

which can significantly reduce costs for startups.

The relationships between the support components and external actors in all cases
are illustrated in Figure 13. It is evident that credibility and networking emerged as

the two most recurring themes from the cases, reflecting the essential needs of DT

startups.
Credibility ‘3;:,A77A Industry partners Lab ‘
\/yf i Suppliers Parts ‘
) / ;3[ Investors
Network H Government institutes Funding }
\ /
\\ ./ ‘
: Specialized personnel ]—/—* Technical Expertise
Business Mentorship "’I Customers }’

Figure 13. Most common relations
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6 Discussion

This chapter presents a detailed discussion of the findings of this study. First, the
chapter discusses the results through a comparison with the existing literature in
Subsection 6.1. Then, Section 6.2 describes the key contributions of this study.

Finally, Subsection 6.3 discusses the limitations and generalizability of the study.

6.1 Discrepancies and Similarities with Existing Theory

The current study examines the services provided by a specialized incubator for DT,
with a focus on addressing the unique needs of DT startups. To this end, a qualita-
tive analysis was conducted based on six interviews, which resulted in a prospective
framework for DT incubators illustrated in Figure 14. The theoretical framework
is categorized according to the framework presented in Yusubova et al., 2019. The
themes categorized from the interviews are business knowledge, business access, legal
knowledge, and infrastructure. In the following section the themes highlighted by the
framework will be discussed and compared to the literature review. On first glance,
one notices that the support mechanisms consist of mostly intangible elements. This
perspective aligns with the literature on new generation technology incubators, which
increasingly focus on providing intangible resources to better support tenant startups
and drive innovation (Kautonen et al., 2017; Pauwels et al., 2016; Theodorakopoulos
et al., 2014).

Actors Support Elements Lifecycle Needs Need Types

Early Stage

.{ Need a DT ecosystem for knowledge sharing ‘

o :I Need tailored pitch to align with different investors ‘

T
Need visibility of DT landscape ‘ Business knowledge

T
Need to take early pivot and risks ‘
I

Incubator 5 DT shared office space

T Initial grant

H Need market alignment |

[GovernmenuUniversity

Need partnership with established DT company n— Business access

Need support with IP setup B— Legal knowledge
T

Initial setup | }-Intrastructure
7

International
industry linkage

R&D Stage
Need access 1o suppliers ‘

T
Need to be connected to specialized
personnel to aperations

Need support in atracting investors with-

out having a reference product Business access

Series A and beyond type invesiments

Y

Need access to custom labs |

T
Need access to international market |

/

Figure 14. Theoretical framework for incubator support mechanisms based on
research results
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Business Access
The predominant theme highlighted by DT startups is business access, emphasizing
the role of incubators as bridges to external actors. Previous research corroborates
the importance of intermediaries in fostering startup success (Soetanto and Jack,
2016b; Yusubova et al., 2019), particularly in establishing early connections with

industry partners during the early stages of the lifecycle.

The DT market is characterized in the literature by limited competition and
strong demand (M. Islam et al., 2018; Magruk, 2016; Nalivaychenko and Kirilchuk,
2017). However, the findings demonstrate that DT startups often face challenges due
to a narrow and highly specific customer base, leading to potential misalignment.
For example, Soundcell’s late identification of its target customers resulted in costly
reengineering efforts. Although conventional incubation models focus on market
entry during commercialization (Colombelli et al., 2019; S. A. Mian et al., 2016),
DT startups benefit from early-stage validation with prospective customers to avoid

costly pivots later.

External networks play a crucial role in bridging the gap between technology
creation and application, helping DT startups integrate innovations into customer
workflows. Although studies (Bollingtoft and Ulhgi, 2005; Peters, Rice, and Sun-
dararajan, 2004) highlight the importance of direct engagement with incubator
management for product development, external partnerships are more effective in
mitigating risks such as market misalignment and lack of visibility. For instance,
the early partnership between Battolyser Systems and Proton Venture demonstrates
how partnerships enable smoother integration into client workflows. These findings
suggest that incubators should adopt a proactive role as brokers, facilitating industry
connections rather than focusing solely on infrastructure or mentorship (Stam, 2015;
Van Weele et al., 2018a, 2018b). This aligns with prior research (Scillitoe and
Chakrabarti, 2010; Yusubova et al., 2019), which emphasizes the value of incubator-

facilitated networks for both technological and business development.

In the R&D stage the specialized nature of DT manufacturing processes requires
access to advanced technical facilities. Although incubators play a role in offering
workspaces (Barrow, 2001; Bruneel et al., 2012) or fostering partnerships with uni-
versities, Vibrotwist highlighted the challenges of maintaining highly specialized
and costly equipment. Instead, companies like IMSystems and Lightyear stressed

the value of leveraging industry partnerships to gain access to facilities. These
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partnerships not only provide necessary resources, but also ensure production aligns
with market needs, emphasizing a business-oriented perspective. Unlike conventional
tech companies that market online and rely on distributors (Mohr et al., 2010), DT
startups such as IMSystems and Soundcell focus on promoting their technology to
create industry impact. As Battolyser noted, this approach draws customers without
push strategies. To achieve this, DT startups often attend conferences and tech
meet, often held overseas. For example, IMSystems regularly travels to Japan for the
robotics industry, illustrating the importance of incubators in helping DT startups

access such markets.

Diverse expertise is also needed for development. While the founders have
knowledge of the core technology, expertise is needed in areas such as manufac-
turing methods, advanced engineering, and economics, to align the product with
customer needs. For example, the founders of IMSystems had experience in gears
and established their target customers in the robotics industry, but also needed

top-level experience in robotics to fit their product to the requirements of the industry.

Business Knowledge
The early stage of DT startups is dominated by the need for business knowledge. This
contrasts with the existing literature Klaasa et al., 2019; Yusubova et al., 2019, which
suggests that business knowledge becomes important during the commercialization
stage and emphasizes the need for technical knowledge in the early stage. The
results reveal that founders of DT startups, often at the cutting edge of academic
and technological advancements, have less need for technological expertise from

incubators.

Every interview highlighted a common challenge: losing sight of business viability
by becoming overly focused on technological development (through an academic
lens). This underscores the need for specific mentorship to help startups balance
technological innovation with creating a sustainable and practical business path. In

addition, personalized financial management advice is crucial.

The startups interviewed have all been operational for more than three years,
yet only one, Soundcell, has developed a working prototype. Despite this, all of the
startups interviewed have left the incubation process without fully commercialized
products. The unique trajectory of DT, marked by a prolonged development phase
of approximately five years (A. G. L. Romme et al., 2023), highlights a critical
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challenge: managing investor resources effectively over an extended period while
maintaining strategic focus and building toward a competitive and self-sustaining
business. Traditional mentorship models offered by incubators, typically designed
for shorter timelines, within 3 years (Amezcua, 2019; Stokan et al., 2015), and faster

commercialization, are not fully suited to addressing these needs.

IMSystems and Vibrotwist emphasized the importance of acquiring specific busi-
ness knowledge in crafting tailored pitches for investors and customers. They noted
that each customer requires a unique, customized approach. Although the literature
broadly discusses business mentorship, this need is distinctly specific to DT start-ups.
As IMSystems explained, their customer base consists of organizations with complex
hierarchies that involve various stakeholders that each need to be convinced of the
potential value of an unvalidated product, unlike a conventional pitch backed by a

working prototype.

Finance
Seed funding is consistently highlighted in the literature as a key support element
for start-ups (Klaasa et al., 2019; Soetanto and Jack, 2016b; Sohail et al., 2023).
Although generally considered essential in the early stages, its role for DT startups
extends beyond being a financial resource. Seed funding acts as a significant mile-
stone, validating the concept of the startup and improving its credibility. Unlike
conventional technology startups, which prioritize rapid product development and
commercialization Blank, 2013, DT startups emphasize long-term technology devel-
opment. For example, companies like Soundcell and A-Spax benefited from initial
grants, but this funding did not translate into immediate acceptance by prospective
end users. Instead, early funding primarily supports wages and hardware expenses
R. Brown and Mason, 2017, while serving the larger purpose of validating techno-
logical ideas and attracting interest. However, the funding provided by incubators
is typically limited to the early stage. By the R&D stage, the required funding
often escalates to the magnitude of Series A investments, which exceeds the financial

capabilities of most incubators.

Infrastructure
Another significant value that incubators provide is infrastructure, particularly
through access to specialized office spaces (Wonglimpiyarat and Jarunee, 2016).
Co-located workspaces foster collaboration and resource sharing, offering a tailored

approach to help DT startups overcome challenges unique to the DT landscape.
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However, in the context of DT, it is especially beneficial when all the startups are

centered around the same industry, as this enhances synergy and knowledge exchange.

IP management
Finally, a robust intellectual property strategy is particularly critical for DT startups
to protect cutting-edge advancements. While IP is important for all companies,
DT startups face unique challenges in this area. Incubators with a traditional, less
tech-focused approach may lack the resources to fully support these needs. The
ability to assist in developing strong IP strategies is, therefore, a valuable service for
DT startups.

Lifecycle stages
The literature indicates that technology incubators typically view startups as pro-
gressing through a development stage, commercialization, and growth stages (Klaasa
et al., 2019), over a timeline of 1-3 years (Amezcua, 2019; Stokan et al., 2015). How-
ever, none of the DT startups analyzed have reached the growth stage, despite being
operational for more than three years. Except for Soundcell, all startups have exited
incubation and no longer require its support. This suggests that DT startups do not
exit at a specific lifecycle stage but rather when they secure a strong team and sustain-

able funding strategy. Notably, incubation is crucial during the early and R&D stages.

The literature emphasizes the focus on marketing and commercialization strate-
gies during the growth stages (Bhaskar and Phani, 2018; Smilor, 1987; Yusubova
et al., 2019). For DT startups, with products targeting niche markets, the emphasis
shifts to securing impact investments in international markets. Credibility is the
necessity that needs to be created through an incubator in the growth stages. The
results show that credibility reduces manufacturing and validation wait times, thereby
shortening development cycles and funding needs. Employing specialized academics

is essential at this stage to build credibility.

The literature identifies the commercialization or seed stage, marked by the
development of a prototype, as the next phase after the early and R&D stages
(Hausberg and Korreck, 2020; Klaasa et al., 2019). At this stage, technical startups
require economic, legal, and sales expertise, with incubators offering coaching and
training services (Sohail et al., 2023). For DT startups, interviews revealed that stage
graduation is typically signaled by securing investment, aligning with DT lifecycles
outlined by Schuh et al., 2022. Interviews also highlighted that the R&D stage
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demands the most support. Schuh et al., 2022 further subdivides this stage into
three phases, which align with the VoD challenges faced by DT startups (Natsheh
and Gbadegeshin, 2021; A. G. L. Romme et al., 2023; Weggeman and et al., 2022).
For instance, IMSystems splits its team into commercial and technical groups during

this stage.

The literature suggests that during the growth stage, incubators should provide
access to team members, follow-up funding, and market opportunities (Klaasa et al.,
2019). Although none of the cases, except Lightyear, have entered the growth stage,
it is clear that all cases do not require incubation at this point. Most cases, except
Soundcell, are still within the incubation process. Interestingly, many characteristics
typically associated with the growth stage are needed in the R&D stage. The BD of
Battolyser Systems highlights that incubators should serve DT startups for a defined
period, offering clear support with a specific timeframe. Soundcell, the only DT
startup still using an incubator after the three year mark, primarily does this for the

cheaper office space.

7 Conclusion

In this chapter, the main research question is answered. The limitations of this study
are then offered, including recommendations for further research. Finally, a reflection

on the relevance is presented.

Answer to the Main Research Question

The primary objective of this research was to analyze the specific needs of DT
start-ups and to determine how incubators can tailor their support to address these
requirements effectively. The central research question that guided this study was

the following:

How do the needs of DT startups differ from those of other types of
startups in their engagement with incubators, and what tmplications does

this have for tailoring the services provided by incubators?

To address this question, the research adopted a qualitative approach based on
multiple case studies, focusing on six DT startups. Semi-structured interviews were
conducted with founders and stakeholders, providing in-depth insights into their
unique needs, challenges, and the role of incubators in their journeys. This was com-

plemented by a comprehensive review of the literature to establish a theoretical basis
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and identify existing gaps in incubation practices. Data were analyzed thematically,
using a lifecycle-based framework to map startup needs in the following development
phases. A cross-case analysis also highlighted patterns, commonalities and differences,

contributing to the development of an actionable incubator framework.

Key Findings

While conventional incubators offer office space, mentoring, and funding, these ser-
vices may be too generic for the needs of DT. This study shows that DT startups
differ from conventional startups in various aspects. Technology and product devel-
opment seems to be of great interest for DT startups, especially in the early stages
of their existence. Although other start-up companies proceed in similar life cycles,
for DT startups there is a compression and deviating focus within the stages due
to the associated high R&D requirements. Taking this characteristic into account,
this study found that DT start-ups value intangible support measures most during

incubation.

The ability of the incubator to provide support to its tenant ventures depends on
three underlying capabilities: (1) its business access, (2) its internal knowledge, and
(3) its specialization. In particular, this study declares that a DT incubator must
prioritize identifying and connecting a DT startup with an industrial partner from
the early stage to help develop and align with the market. DT incubators need to be
able to create an ecosystem of DT startups by having them physically next to each
other. Incubators must be able to provide specific mentorship on how to approach

investors and how to navigate and sustain the specific financial landscape of DT.

This study advances beyond a static view of incubators by addressing the dynamic
needs of DT start-ups, responding to Colombelli et al., 2019’s call for a specialized
DT incubation framework. Validates the findings of Colombelli et al., 2019; Krua-
chottikul et al., 2023; A. Romme, 2022 that incubators improve market access and
resources through strong corporate partnerships. Furthermore, it aligns with the
recommendation of S. A. Mian et al., 2016 for a tailored incubation process, show-
ing that startups face distinct lifecycle-stage-specific needs best supported through

business access and knowledge.
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7.1 limitations of Research and Recommendations for Future

Research

This section presents the limitations of the research and offers recommendations for

future studies.

The study was limited in time and had a low response rate of six participants.
More time could have allowed for in-person visits to startups, potentially increasing
responses. With more feedback, a wider range of factors that influence DT incubation
could have been identified. With more responses, a broader set of factors could
have been identified influencing DT incubation. This limitation also relates to the
regional scope, which was confined to the Netherlands. Although the Netherlands
provides a solid representation of incubators, different regions have different cultural

and operational nuances, which can affect incubation processes.

Secondly, the startups interviewed were primarily incubated through YesDelft!,
which may lead to homogeneous results. Including startups from various incubators
might have produced different, even conflicting, findings. In this study, many experi-
ences and identified factors were similar, but exploring other incubators could have

yielded more diverse insights.

The third limitation concerns the qualitative research design. A qualitative
approach was chosen, by relying on the knowledge and perceptions of interviewees
to inform us, it enabled us to inductively identify incubation practices that have the
potential to address the challenges faced by DT startups. Given that we derived
these practices from incubators in successful entrepreneurial ecosystems, we believe
that these practices are an important first step towards more effective incubators.
However, our qualitative approach did not allow us to verify the effectiveness of
these practices. Consequently, we encourage future research to take the next step by
quantitatively testing if incubators in general, and the incubation practices that we
identified in particular, indeed address the challenges that we identified, and thereby

contribute to the success of DT start-ups.
Fourth, only university-supported and government-supported incubators were

examined. Exploring corporate incubators would clarify the differences in their

environments and practices.
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Finally, only one researcher conducted the interviews and the coding of the
transcripts, raising concerns about reliability. Single-coder studies can introduce
bias and reduce intercoder reliability (Campbell et al., 2013). As this is a solo
project, involving additional researchers was not feasible. The in-depth nature of the
interviews may have resulted in different phrasing of the questions, leading to varied
discussions between interviews. However, this does not suggest that participants

disagreed with the themes raised by others.

Future research could address these limitations by including multiple incubators,
regions, and researchers to improve reliability. Furthermore, validating responses
through follow-up interviews with the same or new participants could strengthen the

findings.

Scientific Contribution

This thesis enhances technology management literature by examining the specific
needs of DT startups and the necessary adaptations for incubators to support them.
Filling a research gap, the study analyzes the unique challenges faced by DT ven-
tures, including longer development cycles, higher technological risks, and specialized

resource needs, in contrast to traditional startups.

The theoretical framework outlines essential components for DT start-ups, such
as ongoing funding, specialized mentoring, and customized infrastructure. Based on
qualitative data from interviews with DT founders, this study offers practical insights
and suggests ways to improve incubator-startup interactions (Hausberg and Korreck,
2020; A. G. L. Romme et al., 2023; Sadeh and Dvir, 2020). The framework serves as
a practical tool for refining DT incubation approaches and lays the foundation for fu-

ture research on adapting incubation models to meet the specific needs of DT ventures.

In contributing to the incubation literature, this research situates incubators
within the broader entrepreneurial ecosystem, emphasizing their role in facilitating
network development for DT startups. The supporting elements proposed in the
theoretical framework can be further validated through quantitative studies to assess

their efficacy in driving the development and success of DT startups.
This study also adds to the scientific discourse by highlighting that DT startups

typically target niche customer markets, contrasting with the broader customer bases

of conventional startups. This observation creates an opportunity for further investiga-
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tion into the segmentation of the customers of DT ventures across different industries.

Moreover, this research illustrates that the lifecycle of DT startups differs signifi-
cantly from that of conventional startups. Specifically, DT progress is often gauged
by investment rounds rather than immediate commercial success. This insight invites
further theoretical exploration into how commercial success is defined and measured
within the context of DT, offering a novel perspective to complement the existing

literature.

Although there is ample literature on generic methods for incubation, this study
documents specific needs from incubators by DT startups. This builds on the
current literature on DT. Harmonizing certain notions of DT such as the minimum
development time and the hardship with the market. This study identifies DT gaps

that can be investigated further.

Practical Implications

This research provides a framework for designing and managing DT incubators,
offering actionable insights for incubator managers and policy makers. Managers
can use this framework to prioritize enabling factors, mitigate barriers critical to DT
startup growth, and tailor support strategies to specific lifecycle stages and startup

needs.

The study highlights the importance of collaboration governance in DT incu-
bation. A “triple-helix” approach, as proposed by A. Romme, 2022, integrates
industry, academia, and government to drive innovation through shared resources,
risk mitigation, and international collaborations. Effective governance is essential to
sustain long-term partnerships D’Amico and et al., 2018; Rencher, 2017, while clear
management of stakeholder expectations ensures mutually beneficial relationships
Kruachottikul et al., 2023. Legal oversight, as noted by Kruachottikul et al., 2023,
helps prevent conflicts of interest, and gatekeepers facilitate network access and

connections at critical stages (Yusubova et al., 2019).

DT incubators must also address the need for specialized infrastructure, such as
clean rooms and advanced labs, which are often beyond their direct capacity. Collab-
orations with universities and industry labs can fill this gap. Field-building activities,
including networking events and pitch challenges, offer cost-effective mechanisms to

foster ecosystem collaboration and innovation (Rubin et al., 2015; Van Weele et al.,
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2018b).

This research serves as a roadmap for incubator managers to better support
DT start-ups, focusing on customized approaches. In the early stages, managers
should connect startups with government grants for technology rather than generic
entrepreneurial courses. They should leverage existing relationships to enable faster
validation through collaboration while safeguarding intellectual property via R&D
partnerships supported by government incentives. Later, targeted pitching and
financing mentorship can be introduced. Incubators should recognize and address
VoD startups by fostering peer ecosystems of DT startups with shared experiences

and creative financing strategies to sustain development.
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A.2 Deep Tech dimensions and criteria

Table 22. Adjusted Deep Tech Criteria Based on Two Articles

Dimensions Definitions and Characteristics = References
Deep as Based on significant scientific Siegel and Krishnan,
Fundamental discoveries or engineering innovations. 2020; Nedayvoda
Technologies are unique and et al., 2020
protected by IP.
Deep as Aims to solve large, DT is often Portincaso et al., 2019;
Problem- developed to address unprecedented  Nedayvoda et al.,
Oriented technical challenges beyond the scope 2020
of market-ready solutions.
Deep as Utilizes advanced existing or Siegel and Krishnan,
Technologically  emerging technologies such as Al, 2020; Nedayvoda
Advanced quantum computing, synthetic et al., 2020
biology, or advanced materials.
Deep as Initiated by entrepreneurs with Siegel and Krishnan,

developed by
highly qualified
entrepreneurs
Deep as
Complex and

Interdependent

Deep as
Requiring Long
Development
Cycles

Deep as
Profound

Impact

Deep as
Collaborative

Ecosystem

advanced degrees (PhDs or
postgraduates) and deep expertise in
their fields.

Requires understanding of various
interdependencies and advanced
integration of different scientific
disciplines.

Involves extensive research and
development phases before reaching
the market, with longer development
timelines.

Instead of targeting specific markets,
deep tech tends to create entire
markets. Best described by Smith
and Doe, 2020 as ‘a new paradigm’ of
market creation.

Engages with a broad ecosystem
including universities, research
institutions, government bodies, and
other enterprises due to the

complexity and scale of innovations.

2020; A. G. L. Romme
and Reymen, 2018

Siegel and Krishnan,
2020; Nedayvoda
et al., 2020

Nedayvoda et al.,
2020; Conforto et al.,
2014

Kuhlmann and Rip,
2018; Fini et al., 2018;
Grimm et al., 2021;
Jun et al., 2022

Portincaso et al., 2019;
de Jong, 2011;

A. G. L. Romme and
Reymen, 2018
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A.3 HighTechXL

Table 23. HighTechXL Services and Corresponding Lifecycle Stages

Service/Method

Lifecycle Stage

Building alliances with corporate partners and leveraging the Eind-
hoven Startup Alliance.

Connecting venture teams with local technical and market experts.
Using facilities of partners like TNO and Philips for prototype
testing.

Implementing a structured recruitment and selection process for
entrepreneurial talents.

Using a four-phase process that includes self-assessment tools and
interviews.

Developing a talent acquisition framework based on criteria like
innovativeness, risk-taking, and proactiveness.

Creating financial instruments such as the DeepTechXL investment
fund.

Exploring innovative financial mechanisms, including blockchain-
based instruments.

Running FasTrackathons to match technologies with entrepreneurial
talent.

Forming venture teams and incorporating them as legal entities with
initial equity distribution.

Implementing a DTV (Deep-Tech Venture) journey model with nine
maturity levels.

Regular assessments of venture progress across business model,
market, financial support, product development, etc.

Providing access to mentors who offer strategic guidance and sup-
port.

Offering workshops, pitch training, and networking opportunities
with experts.

Corporate talent mentoring program that immerses professionals in
the venture-building process.

Incubation/Preparation

Incubation/Preparation
Incubation/Preparation

Team Formation & Develop-
ment

Team Formation & Develop-
ment

Team Formation & Develop-
ment

Seed Funding & Investment
Seed Funding & Investment
Startup Creation

Startup Creation

Growth & Scaling

Growth & Scaling

Scaling & Development

Scaling & Development

Scaling & Development

A.4 Theoretical Framework

Hereby the development mechanisms for the stage-gate framework.

e Agile Development: Emphasizes adaptive planning, iterative progress, and

flexibility, allowing the project team to break down the development process

into small, manageable tasks, rapidly test hypotheses, and adjust to feedback

quickly (R. G. Cooper, 2016).
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e Lean Startup: Focuses on building a Minimum Viable Product (MVP) quickly,
followed by continuous testing and learning through user feedback, to validate

or pivot the business idea before committing significant resources (Ries, 2011).

e Design Thinking: Involves understanding user needs deeply and creating

prototypes that are iteratively tested and refined to ensure the final product

aligns with real-world user requirements (T. Brown, 2009).

Table 24. Pain points and recommendations incorporated in the Augmented
Stage-Gate framework

Pain Points

Recommendations

Unclear business requirement and
lack of yet-to-be-developed com-

mercial applications

Lack of entrepreneurship knowl-
edge and skills, and no time to
commit to a new full-time busi-

ness venture

Lack of business network

Require large amounts of financ-
ing
Unclear research-to-
commercialization journey
leading to loss of confidence and
morale

Need strong help on IP, legal, and

regulatory-related issues

Encourage startups to set up a market hy-
pothesis and then test, measure, and learn
with target users through a faster, more iter-
ative, and inexpensive process.

Provide a flexible and systematic en-
trepreneurial development program and inno-
vation clinic to help increase skills, confidence,
and an entrepreneurial mindset before setting
up a new venture.

Connect startups to a network of mentors
and alumni with business backgrounds in the
same domain.

Encourage startups to develop awareness,
strategies, and be active in fundraising ac-
tivities from the beginning.

Provide a network of process management
specialists and mentors to guide the entire
journey. Apply the concept of Agile develop-
ment processes.

Provide legal experts to assist.

Continued on next page
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Table 24 — Continued from previous page

Pain Points

Recommendations

Complex technology and research
that are difficult for out-of-domain

stakeholders to assess and under-

stand

Lengthy time-to-market

Encourage startups to quickly develop and
demonstrate a user-facing prototype, even if
non-functional at the beginning, to measure
customer satisfaction or purchase intent. Pro-
vide assessment tools for startups and com-
mittees to evaluate and communicate devel-
opment progress in terms of technology and
business.

Encourage startups to apply the concepts
of adaptive, flexible, and Agile development.
Also, find a quick-win strategy to split tasks
and set goals for both short-term and long-

term objectives.

B Methodology

B.1 Companies contacted

Company | Qualifies | Industry Incubated Years Ac-
Name as Deep tive
Tech

Delft Yes Acoustics No 1 year

Cymatics (Founded
2023)

Q Bird Yes Communication | No 2 years
(Founded
2022)

SonoSilicon | Yes Semiconductors | No [Information
not found]

Hypersoniq | Yes Aeronautics No [Information
not found]

Vibrotwist | Yes Robotics No 2 years
(Founded
2022)
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Ore Energy

SoundCell

Exculture

Imsystems

Qphox

Councyl

Lightyear

APTA
Technolo-
gies
Whiffle

VSParticle

Umincorp

Stokhos

BlueGen.ai

Innatera
Nanosys-
tems

Delft Ad-
vanced
Biofuels

Battolyser

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Renewable En-

ergy

Medical De-
vices
Biotechnology
Robotics

Quantum Com-

puting

Biotechnology

Renewable En-

ergy
Healthcare

Meteorology

Materials Sci-
ence
Waste Manage-
ment
Emergency Ser-
vices

Data Privacy

Microprocessors

Biofuels

Energy Storage

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

No

Yes

[Information
not found]
[Information
not found]
[Information
not found]
[Information
not found]

4 years
(Founded
2020)
[Information
not found]
[Information
not found]
[Information

not found]

[Information
not found]
[Information
not found]
[Information
not found]
[Information
not found]
[Information
not found]
[Information

not found]

[Information

not found]

[Information

not found]

Table 25. List of Deep Tech Companies with Years Active
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