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Introduction and objectives of the Roadmap
report

The primary goal of the Renewable Energy Production Roadmap
Report is to equip companies and stakeholders within the sector
with the knowledge and tools needed to navigate the transition
towards more efficient, sustainable, and competitive market
positions.

Main function of the report is to highlight opportunities that the
participating start-ups may have not recognised. It provides a
structured approach to understanding market dynamics, customer
needs, and emerging trends, thereby helping businesses position
themselves effectively in the evolving marketplace.
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Following the evaluations by the selection panel, 11 of the most promising
European ventures in Renewable Energy Production were chosen through a

competitive process. Companies were selected based on leadership potential,

product/technology strength, market opportunity, go-to-market strategy, and
Ve n t u re S business clarity.

Kitekraft builds flying wind turbines. The systems is a

Building-scale biogas machines converting food waste KITE//KRA FT tethered vertical take-off and landing aircraft that can
Benerg into electricity with off-grid, high-efficiency, zero-waste operate like a kite to produce energy.
technology

™
y B I OJ ET A sustainable and renewable alternative to liquid fossil Clean geothermal energy solutions for sustainable built
fuels environments

Boson BOSON ENERGY develops technology for producing o ReCatalvst Optimizing the use of precious metals for decarbonisation of
El‘lergy responsible hydrogen and green molecules. = - eLata y the energy and transport sectors
o ) ) e Integrating a software with stationary batteries to extend
carbonclean Eecarbz)r[nzmg Industrial Process Heat with Thermal re L I lifespan, optimize performance, and reduce energy costs and
nergy >torage environmental impact

- The uIt:;nate technology for grid balancing and energy Scale Energy is implementing Europe's largest decentralized
generation $] SCALE ENERGY battery storage network to establish an energy system based

on 100% renewables.

Tidetec’s concept is the most logical way to harness two-
"TIDETEGC wayhydropower, such as tidal, in a cost-effective

Optimising two-way hydropower manner.
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Market opportunity Stakeholders i, [ oo eooan Union

Council

Network partners Lead Customers

8 Port of
fsaza Antwerp
Bruges
erations
INVENTION

MARKETING

GATE 2 GROWTH
ALW Finance & Innovation ATRA Innovations Ltd Gate2Growth Invention Marketing A2A S.p.A. Port of Antwerp-Bruges
@ in} in} in] in]
PAFUI.AV*NFVINPAT s ;_
Yous EXCLUSIVE RIGHT Sunnlc
Papula-Nevinpat Sunnic Lighthouse GmbH
@ in}
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Market opportunity Mentors mizcion, [ e et o Unor
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Audra Elena Shallal Tobias Griin Anne Lebreton-Wolf Davide Garufi
Vice President of Corenvest Member of the Executive ALW Finance & Innovation CRH
Board at BRYCK

Willem-Jeroen Stevens Maximilian Kihn Klaas de Boer
Founder, Managing Partner, Advisor, Hydrogen Europe NED, Chair and
Clear Corporate Finance (occasional) investor
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We state here some of the underlying assumptions and 'facts' about the energy sector, and
related to Renewable Energy Production in particular, that serve as the basis and context of
this analysis.

» Global Energy Consumption Trends: Energy demand has been steadily increasing due to population
growth and economic development, particularly in emerging economies. Fossil fuels (oil, coal, and
natural gas) have historically dominated the energy mix, but there is a shift towards cleaner and
renewable sources.

» Climate Change and Environmental Concerns: There is scientific consensus that greenhouse gas
emissions from fossil fuels significantly contribute to climate change. International agreements, like the
Paris Agreement, aim to limit global warming by reducing emissions, thus driving the transition to
renewable energy.

» Technological Advances: Technology improvements have reduced the cost of renewable energy
sources such as solar panels and wind turbines. Energy storage technologies, such as batteries, are
crucial for addressing the intermittency of renewable sources and are rapidly advancing.

[
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Starting point e

Council

We state here some of the underlying assumptions and 'facts' about the energy sector, and

related to Renewable Energy Production in particular, that serve as the basis and context of
this analysis.

» Economic Factors: The cost of renewable energy has dropped significantly, with solar and wind
becoming some of the cheapest sources of electricity in many parts of the world. Investment in

renewable energy infrastructure is growing, with significant capital flows from both public and private
sectors.

» Policy and Regulatory Frameworks: Government incentives, subsidies, and mandates for renewable
energy have been pivotal in promoting the sector. Policies such as feed-in tariffs, tax credits, and
renewable portfolio standards drive adoption and development.

[
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Methodology

5in-depth interviews were conducted with industry stakeholders using an Al tool
to extract expert opinions across the following categories:

Market trends and opportunities

Challenges and needs in sector

Key technologies and technology infrastructure
Competitive structure of sector

Risks for start-ups

Customer segments and distribution channels
Scaling and growth

Roadmap, i.e. evolution of sector

Surveys: Collected 10 survey responses to gather initial insights. The survey
included 11 structured questions.

Challenge queries for start-ups: We collected challenge statements from applying
start-ups, and organized them by Market Opportunities and category, and
analysed the interviews for expert insights for these categories of challenges.

The gathered data was analyzed by focusing on key categories, identifying
strategic opportunities and potential barriers. The analysis provided a
comprehensive view of the sector, enabling the development of targeted insights
for growth and scalability.
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Opportunities and market trends: Rapid growth, sustainability, but also grid infrastructure limitations. (1)

There are several current key trends and opportunities in the energy sector, particularly in renewable energy production. There is renewable energy's rapid growth
and increasing competitiveness, with technologies like solar, wind, and tidal wave energy leading the way. The trend toward decarbonization and electrification
of societies is another trend, driven by climate goals and efforts to reduce reliance on fossil fuels. Challenges such as grid infrastructure limitations, intermittency
issues, and capital intensity are there as well, alongside opportunities for innovative solutions in energy storage, smart grids, material reuse, and software
optimization. Specific technologies, including small nuclear reactors, green hydrogen, nano-coatings, and advanced solar orientations, are seen as promising
avenues. Collaboration between large companies and start-ups, as well as diversification in production and suppliers to increase independence, are valuable
strategies. The sector's evolution reflects both technological advancements and the importance of sustainable practices.

Which of the following market trends do you believe are most important
for startups in the energy sector?

Anne Lebreton-Wolf A 8
= 7
ALW Finance & Innovation 7 . ;
6
» . . 5
Regarding unmet needs, well, it's very hard because you 5
cannotimagine how far it can go. There are a lot of unmet 4
needs and unexploited opportunities as well, for instance, 3
tidal wave energy or other types of renewable energies. 2
. . . . 2
But for the time being, there is already a quite broad array
of potential solutions to exploit and that could be 1
deployed further."” 0
Integration of digital The development of Decentralized energy Innovations for The shift towards
technology into the advanced storage systems, eg microgrids improving energy renewable as a means
power grid technologies and distributed efficiency in various to reduce carbon
generation sectors emissions
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Opportunities and market trends: Rapid growth, sustainability, but also grid infrastructure limitations. (2)

In terms of geographic markets, where do you see the greatest
opportunities for growth in the renewable energy production sector?

7
5
4
2 2
. . |

Europeancities  Middle Eastern Emerging markets NorthAmerica, Europeis biggest Europeanregions

H

w

N

[N

with strong cities rapidly in Asia, witha focuson market but (outside of big
sustainability adopting particularly India  upgrading aging requires cities), esp. close
mandates renewable energy and Southeast infrastructure regulatory to manufacturing
technologies Asia compensation industries and
framework datacenters
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What is the state of the renewable energy production sector currently
in its long-term evolution, in the European context?

35

3 3

3

2.5
2

2

15
1 1

1
} . .

0

Rapid growth and  Well-established, but Still in its early stages In transitional phase, Reacheda mature and
expansion, with faces ongoing with new technologies evolving fromearly-  stable phase, with
adoption of renewable challenges, eg and business models  stage and growth to well-established

technologies & regulatory hurdles, testedand scaled maturity technologies and
widespread technological business models
acceptance limitations etc.
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Technology: Decarbonization driving shift towards more
decentralised and flexible energy systems (1)

The energy sector is characterized by transformative shifts toward decarbonization, grid modernization, and the proliferation of renewable energy sources like solar,
wind, and hydropower. Advances in energy storage technologies, smart grids, and greener alternatives such as green hydrogen are disrupting traditional systems,

while innovations in infrastructure retrofitting and software solutions optimize efficiency and integration. Key trends include the growth of decentralized energy
systems, the adoption of electric vehicles, and the increasing reliance on intermittent renewables that demand flexible storage and grid solutions.

sEt';‘:;gg‘; Batteries and long-duration storage technologies are evolving rapidly to manage renewable

Solutions intermittency and enhance grid stability.

Improved energy distribution systems enable decentralised generation and support ‘prosumers’
facilitating resilient and efficient energy management.

Developing hydrogen from renewables offers a pathway to decarbonise heavy industries and

Green Hydrogen i . .
yarog transport while acting as an energy storage medium.

LIV CEOETLEE oA Advanced nuclear technology aims to provide scalable, low-carbon energy options with enhanced
(SMRs) safety and cost-efficiency.

Software-based Digital platforms are optimizing energy production and consumption to address fluctuations and
Optimization improve demand response across renewables.

Emerging technologies for capturing carbon directly from the atmosphere contribute to net-zero

Direct Air Capture (DAC . .
pture (DAC) goals and decarbonise hard-to-electrify sectors.

Innovation .
Council o5 the European Union
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Technology: Decarbonization driving shift towards more
decentralised and flexible energy systems (2)

Which of the following technology needs do you think are critical for the future of
the energy sector?

9
8 8
8
7
6
5
4
3
3
2 2
2
1 1

1 - -
0

Technologies to Intel ligent grid Use of loT and Technologies for The expansion and Productioncost  All things nuclear,

enhance capacity, systemsto optimize  platformsto capturing carbon enhancement of EV lowering both fusion and

efficiency, and el ectricity monitor, control, dioxide emissions charging networks technologies for fission

affordability of production, and optimize from industrial non fossil fuel

storing energy distribution, energy usageinreal processes. energy

consumption time
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Scaling: Legacy systems require compatible solutions,
but rising energy demand supports growth efforts. (1)

There is immense potential for growth in renewable energy production driven by electrification,
innovation, and collaboration across industries. However, there are also significant challenges,
including infrastructure updates, regulatory inconsistency, and capital demands. The ability to
innovate while aligning with existing systems and addressing market needs is seen as critical for
scaling successfully.

§> 4< Balancing Electrification and Infrastructure and System Integration:
Jl ﬂ_ Timing Production: _47 |:' Growth depends on upgrading legacy
Synchro.nlzmg renewable energy energy |.nf.r§stru.cture.arfd ensuring Which types of revenue models do you find most
plrodu.?tlon. with szoaderd. . .COT%at't?'llty Wltt'h eX|.st|ng syste:ws. This sustainable or appealing, given the current market
e'ectcr] Ication nee ', pre |.ct.|ng INCIUCES INNOVations In Energy storage, conditions in the renewable energy production sector?
significant growth in electricity grid stability, and incorporating new
demand over the coming decades. technologies like biogas and hydrogen. 9 g
8
7
O@ o The Role of Innovation and e Challenges of Investment and 6 °
r?%’\. Collaboration: Regulation: 5 .
Technological advancements in Scaling up requires navigating capital 4
optimization, monitoring, and intensity, regulatory unpredictability, and 3 3
alternative energy solutions (e.g., long project timelines. Start-ups must ) 2
software, materials) are seen as vital. deliver commercially viable solutions 1 -
Collaboration between established independent of subsidies to be 0
players and agile start-ups is competitive. Long-term Energy as aservice Leasingrenewable Collective Models where
encou raged to maximize integration agreements with throughmonthly or energy equipment ownership or energy producers
h l hai predetermined  annual subscription (egsolar panelsor subscriptiontoa receive afixed rate
across the value chain. price, ensuring fees wind turbines) to shared solar energy for the energy they
stable revenue customers project generate

streams
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Scaling: Legacy systems require compatible solutions, but rising energy demand supports

growth efforts. (2)

What areas in the renewable energy sector there are still needs
and/or challenges that are not adequately solved or provided for?

7
4
4
2 2
1
- O
0

Relatively highcost Itis hard to find Service processes & System needsnot All the services &

w

N

=

The quality of

of products & suppliers for products do not fit reflected in products on offer services/products is
services, relative to specific and needed well needs regulatory are the same, there not high enough, to
value provided  products/services schemes: Subsidies is no variety what customers
based onvolumes, expect
not on market
value

www.d2xcel.eu
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What do you consider to be the key risks that could impact the
renewable energy production sector in the next 3-5 years?

10

9
5 5 5
I I I 1 1

0 - -
Ability of the
existing grid
from other energy key components, infrastructure to
sources, changing raw materials, or integrate new
market dynamics technology renewable energy

technologies
effectively
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Inconsistent
regulation

The risk of adverse  Cybersecurity ~ Fluctuatingenergy  Disruptions in
regulatory changes threatsand data prices, competition supply chain for

or lack of breaches
supportive policies




Competition: Large infrastructure and niche projects,

business for a diverse set of companies

Competition in the renewable energy production sector is characterized by a mix of large and
small players. Larger companies, often transitioning from fossil fuels, dominate on a national
scale and leverage their resources to lead big infrastructure projects, while smaller, agile
companies explore niche areas such as tidal energy and hydrogen. At a local level, competition
is more diverse, with microgrids and innovative solutions gaining traction. Strategic
collaborations between large organizations with established distribution channels and smaller
entities with cutting-edge technologies are seen as essential for fostering innovation and

navigating market challenges.

What is the competitive structure of the renewable energy sector, i.e.
who dominates the sector?

There are many different sizes of It's a new sector with many smaller Few large companies dominate the
companies. and medium sized companiesso sector.
far.

L Aalto Universit
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Pontus Strahlman

Partner, Voima Ventures

“Yes, lots of competition. Utilities companies have invested
massive amounts into R&D to future proofing their technology.

At the same time, incumbent companies like Tesla are offering
both solar power solutions as well as energy storage solutions
through their solar panels and power walls respectively...
Successful cases have an innovation that gives them a clear and
protected moat.”

What specific attributes or capabilities do you look for to indicate a
competitive advantage in the renewable energy sector?

8
7 7 7
5
I |

=N W 1O N

Experienced and Strong Evidence of market Advanced Alliances with key Robust data
visionary leaders technological acceptance: solid  technologies to stakeholders:  management and
witha track record expertise and IP customer base, distinguish the Corporations, analytics
of success. protection high customer company from government capabilities
retention, market competitors bodies, research
S 21
demand institutions




Challenges and risks: Energy is typically capital intensive
and requires long term commitment (1)

Start-ups face significant challenges in navigating high financial demands, regulatory unpredictability, legacy infrastructure issues, and the

dominance of large players. Coupled with market volatility and technology risks, these barriers require strategic approaches to overcome and thrive in
renewable energy production.

Dependence on Large Players:

Start-ups often struggle to penetrate
value chains dominated by large,
established companies. Delivering
sufficient volumes, quality, and meeting
standards are essential to gain access to
these networks.

L Aalto Universit
. - I DZXCE L A! Staar‘t)upncl:ve(-:\rtselry

Regulatory Uncertainty:

The unpredictability of government
policies, subsidies, and regulations
poses long-term planning challenges
for start-ups. Stability in these areas is
crucial but currently lacking.

www.d2xcel.eu

Infrastructure Compatibility and
Retrofitting Needs:

Integrating renewable energy
technologies into legacy infrastructure

demands significant updates and
financial resources. Ensuring
compatibility while focusing on
innovation adds complexity.

Technology Risks and Time-to-
Market:

Innovations in the renewable energy
sector are high-risk due to uncertainties
in performance and extended timelines
for product development, particularly
for complex areas like nuclear energy or
novel materials.

22



Challenges and risks: Energy is typically capital intensive
and requires long term commitment (2)

What are the main technological or operational challenges
that could hinder the adoption in the renewable energy
production sector?

9
8 g
8
7 Ao y
6 Anne Lebreton-Wolf ()
6 -..) (
S ALW Finance & Innovation :
5 « .. . .. .
The main risks are financial risks. The risks that the
4 q o o
4 technology does not deliver sufficiently and that the
technology needs more time, more financial resources to
3 bring this new type of energy to the market in sufficient
5 2 volumes to really be able to integrate the whole chain and be
. interesting for end customers. There is also another risk that
1 - the technology does not work as it is foreseen.”
0
Challengesin The substantial Limitations related to Concerns about long- Lack of standardization ~ For a system of
integrating renewable  upfront investment storage capacity, termreliability and  and interoperability dispatchable baseload
energy sourcesinto required for renewable efficiency, cost, and maintenance betweendifferent  power, intermittent
existing power grids  energy technologies  longevity of battery requirements of  technologies, systems, renewablescould
technologies renewable energy and platforms explode systems costs
systems
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Customers and distribution: Energy sector is closely tied to public sector, yet need
for flexibility and decentralization may open private sector opportunities (1)

Customer segments range from individuals to industries, each with unique needs and challenges, while
distribution channels involve partnerships and infrastructure that support the integration of renewable systems.

-I
Siocel A

Aalto University
Startup Center

www.d2xcel.eu

Distribution channels

1.Public-Private Collaborations

Strategic partnerships between government entities and
private companies are vital for funding, scaling projects,
and incorporating new technologies while navigating
regulatory challenges.

2.Established Channels
Large corporations with existing infrastructure maintain

dominance yet may acquire smaller innovative firms for
agility and new solutions integration.

3.Decentralized Solutions

Emerging models such as community grids, peer-to-peer
networks, and localized production/distribution are
enabling broader access while fostering renewable
adoption at the grassroots level.

24



Customers and distribution: Energy sector is closely tied to public sector, yet need
for flexibility and decentralization may open private sector opportunities (2)

Which of the following channels do you believe are most effective for
reaching and engaging customers in the renewable energy production sector?

Pontus Strahlman
10

Partner, Voima Ventures

“More and more consumers are switching over to spot

~

)]

(€]

S

w

N

[N

9
8

8
priced electricity. This trend should continue. Then
consumers need to attach many of their utilities to some
smart wallbox and a service that utilizes cheap pricing. If
all the millions of EV's could be set to charge when
electricity prices are cheapest that would do a lot of good
for everyone.“

3
2 2
. . 1
; I

Direct engagement Participation in Leveraging digital Collaborating with  Creating educational Cost policy
through pilot projects industry eventsand platformsandsodal government agendies contenttoengage
and partnerships  energy-related expos media for awareness and NGOs potential customers
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Roadmap: The evolution of energy and renewable energy production

Present Long-term Future

Fossil Fuel Dependency Renewable Expansion Accelerated Transition Clean and Decentralized Systems

L Aalto University
- " I DZXC E I_ A! Startup Center www.d2xcel.eu European R Funded by
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Challenge-to-Action Framework

Start-ups with

Challenge Description Category the challenge Mentor & Stakeholder insight Start-up action plan
It’s a capital-intensive sector, thus hybrid A long cash runway, proactive investor
Funding an extensive market outreach Funding 12 financial instruments, and dilutive and non- engagement, and leveraging partnerships
dilutive financing become important (e.g. with municipalities)
. . Balancing intrinsic market value and innovation is | Focus on continuous service validation and
Ensuring product-market fit and technology . . . o .
S Technology 7 crucial in ensuring product-market fit and flexibility in product development while
validation 2 . - .
technology validation actively building partnerships
Internal growth as a company, Strong value proposition, with continuous Proactively seek partnerships through
packaging of the services provided and Partnerships 3 dialogue with strategic partners, to strengthen networking, funded pilot projects, and
search for strategic partners the value chain strategic alignment
Lone decision-making timelines of Continuous dialogue with incumbents and pilot Maertam lopen corprzunlcdatlc?n. © vallgalte
& BB clien’fcgs Sales 3 project engagement can address lengthy B2B s;erwcei, evcle.ragte e (el Pl e S 1D
decision-making timelines streamiine client processes.
Recruiting more people to get product finished Start-ups should focus on validating services Explore co-financing opportunities with
for market launch, but we do not generate Resources 2 through pilot partnerships and build strategic potential collaborators. Develop flexible
enough cash flow for hiring alliances to share costs and attract talent offerings to adapt to market uncertainties
. o Avoid technologies and business models that are | Build networks with investors early and
Navigating regulatory complexities . .. . . .
. Regulatory 2 heavily dependent on government policies or leverage partnerships with established
across multiple European markets .7 " .
subsidies. entities to navigate regulatory hurdles
To encourage customers to Create awareness about energy prices, link to Develop smart consumption services and tech
shift electricity usage to times when Operations 1 renewable energy production, and offer energy | solutions that educate customers and

supply exceeds demand

flexibility with services of dynamic pricing

automate shifting usage to optimal times.

Aalto University
Startup Center

[
Fiovcel A

www.d2xcel.eu
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Other Market Opportunity Roadmaps

Circular Models for Cities and Regions
roadmap

Sustainable Mobility roadmap

- Aalto Universit
.-I DZXCEL A! Staar‘t)uprlcl:ve(;rtsta!ry www.d2xcel.eu

Supply Chain Management & Trade
Finance roadmap

Al-Powered Utility Management for
Sustainable and Smart Cities roadmap

28
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