


Roadmap: Germany’s Path to a Kardashev-Scale
Civilization Driver
Introduction
Germany stands at  a crossroads of  technological  and societal  transformation.  In an era defined by
exponential advances in AI, clean energy, and space exploration, Germany has the potential to steer
humanity  toward  a  Kardashev-scale  civilization –  a  future  in  which  we  harness  planetary  (and
eventually stellar) energy resources for the betterment of all. Achieving a Type I civilization (one that
fully exploits Earth’s energy potential) will require unprecedented coordination of innovation, industrial
capacity,  and governance. This roadmap outlines how the German federal government can  directly
influence key outcomes to make Germany a primary driver of this progress. It focuses on areas under
national policy control, with a dedicated chapter on leveraging the European Union for broader impact.
We  map  current  USA–China–Europe  dynamics,  identify  Germany’s  unique  advantages,  propose
prioritized interventions, align actions to political timelines, quantify investments to bridge critical gaps,
highlight recent initiatives of the new Bundesministerium für Digitales und Staatsmodernisierung (BMDS),
and set ambitious long-term goals (AI/robotics sovereignty, climate-tech leadership, fusion power, smart
infrastructure,  and  democratic  tech  governance).  Throughout,  we  favor  concrete,  actionable
recommendations,  underpinned  by  global  benchmarks  and  comparisons  to  ground  investment
estimates.

I. Global Competitive Context: USA–China–Europe Dynamics

To craft an effective strategy, Germany must understand the global tech-power landscape. Research
findings  from  the  BMDS  study  underscore  a  world  where  the  United  States  leads  in  foundational
technologies,  China  races  to  catch  up  through  scale,  and  Europe  holds  pockets  of  excellence  but
struggles with fragmentation. Table 1 summarizes the competitive positions of the major blocs and
Germany’s potential strategic focus:

Table 1 – Competitive Positioning by Dimension (2025)

Dimension
United States
(USA)

China Europe (EU)
German Strategic
Focus

AI & Data

Global leader –
#1 in AI R&D,
foundation
models; $68B+ in
AI VC funding
(2023). Controls
cloud &
semiconductor
supply.

Rapidly rising –
State-driven AI
investments;
huge data pools
(1.4B people) but
limited access to
top foreign chips.

Lagging –
High-quality
research but 
only ~4% of
US AI
spending;
brain drain of
talent to US.

AI sovereignty –
Build European AI
compute
infrastructure,
focus on applied AI
in industry.
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Dimension
United States
(USA)

China Europe (EU)
German Strategic
Focus

Tech Platforms

Dominant –
Home to Big Tech
(GAFA); sets
global digital
standards.

Contained –
Strong domestic
platforms (BATX)
but blocked
globally by
geopolitics.

Absent – No
hyperscale
consumer
platforms of
global reach.

Enterprise &
Mittelstand –
Leverage SAP,
Siemens etc. to
grow B2B
platforms and
cloud services.

Manufacturing

Declining share
– Offshored
industrial base;
focuses on high-
end tech.

World’s factory –
~28% of global
manufacturing;
unbeatable scale.

Specialized –
High precision
engineering
(Germany,
Nordics);
strong niches
(machine
tools, autos).

Industry 4.0
leader – Precision
manufacturing,
automation, IoT
integration to
revitalize industry.

Energy
Capacity

High use, fossil-
heavy – Per
capita energy use
highest; still
reliant on oil/gas,
slow grid
upgrades.

Massive scale,
transitioning –
Largest total
energy use;
building
renewables fast
but still coal-
reliant.

Clean leader
– ~45% of
electricity
from
renewables;
leads in
efficiency and
fusion
research
(ITER).

Green exporter – 
Energiewende as
a template: export 
clean tech
solutions (wind,
solar, batteries,
hydrogen).

Governance
Model

Polarized
democracy –
Innovative but
slower
consensus;
regulatory
swings.

Authoritarian –
Can execute long-
term plans
quickly, at cost of
freedoms.

Democratic &
regulatory –
Strong rule of
law; “Brussels
effect” sets
global
standards
(e.g. GDPR).

Democratic tech
governance –
Champion ethical
AI, data privacy,
and human-centric
technology
globally.

Competitive  implications: The  United  States  currently  enjoys  first-mover  advantages in  AI  and
finance (e.g. dollar dominance), but it faces internal challenges like political gridlock and infrastructure
decay.  China’s  scale and state-directed investment are formidable (e.g.  Made in China 2025 pouring
resources into EVs, quantum, AI), yet it grapples with vulnerabilities such as an aging population, tech
import bans, and heavy debt. Europe, for its part, excels in innovation quality and governance – 7 of
the world’s top 10 innovative countries are European, and the EU’s regulations (GDPR, upcoming AI Act)
often become de facto global rules.  However,  Europe’s market is  fragmented and undercapitalized:
with 27 languages and divergent national laws, it has no tech companies at the scale of Amazon or
Alibaba and invests only a fraction in AI compared to the US. This context frames both the urgency and
opportunity for Germany.
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Germany  can  leverage  Europe’s  strengths  while  addressing  its  gaps.  For  example,  the  EU’s  strong
science  base  (e.g.  CERN,  ESA,  ITER)  gives  Germany  a  platform to  build  upon for  Kardashev-aligned
projects like fusion energy. At the same time, closing the AI investment gap is critical – in 2022, the US
attracted ~€44 billion in private AI investment versus just €10 billion for the EU+UK combined. Recent
data show the U.S. outspending Europe about 4:1 on semiconductors and nearly 10:1 on AI; China too is
investing  at  multi-hundred-billion  scales  in  digital  and  physical  infrastructure.  To  avoid  permanent
second-tier  status,  Europe  and  Germany  must  act  swiftly in  strategic  domains  or  risk  falling
irreversibly behind the US–China duopoly.

Kardashev context: A Kardashev Type I civilization requires order-of-magnitude increases in energy
production and scientific output. The global dynamics above indicate that no single country can achieve
this  alone;  however,  Germany  –  as  Europe’s  largest  economy and  a  trusted  liberal  democracy  –  is
uniquely positioned to galvanize collective action. By addressing vulnerabilities (e.g. Europe’s low AI and
cloud  capacity)  and  amplifying  strengths  (e.g.  manufacturing  and  green  tech),  Germany  can  help
humanity tap vastly greater energy resources and technological capabilities in a way that aligns with
democratic values. The next sections detail how.

II. Germany’s Scalable Advantages and Leverage Points

Despite intense competition, Germany has  distinct advantages that can be scaled up as pillars of a
strategy  to  drive  advanced  civilization  progress.  These  include  world-class  manufacturing  prowess,
leadership  in  clean  energy  transition,  a  robust  regulatory  and  standards-setting  capacity,  and
exceptional scientific institutions. Identifying and strengthening these advantages will allow Germany to
punch above its weight in the global arena.

1. Manufacturing & Industry 4.0 Excellence

Germany’s industrial base – from its Mittelstand of specialized engineering firms to global companies
like Siemens and Bosch – is  renowned for  precision engineering and quality.  This  manufacturing
excellence  is  a  cornerstone  advantage  that  can  be  leveraged  to  shape  the  next  technological  era.
Germany pioneered the “Industry 4.0” concept of smart, connected factories, and remains a leader in
industrial automation and robotics. By scaling up Industry 4.0 initiatives, Germany can both improve
its own productivity and export advanced manufacturing solutions globally. Key actions include: 

Automation and Robotics Leadership: Germany already has one of the highest densities of
industrial robots per worker and is home to leading robotics firms (e.g. KUKA, ABB’s German
operations).  The goal is to achieve  “robotics sovereignty” – ensuring critical robot components
(sensors, AI controllers, actuators) are developed domestically or within Europe. Government can
co-fund R&D for next-generation  humanoid and collaborative robots,  build testbeds for AI-
driven factories, and support pilot programs where SMEs can adopt robotics with subsidized risk.
In the long term, a strong German-EU robotics sector secures supply chains and reduces reliance
on foreign automation tech.

Advanced Manufacturing for Space and Energy: Pushing toward a Kardashev civilization will
require new industries – e.g. space habitat construction, modular nuclear fusion reactors, mass
production of solar panels and wind turbines, etc. Germany’s high-precision manufacturing can
specialize  in  these  areas.  The  government  should  expand  funding  for  programs  like
“Produktionsarbeit der Zukunft” (future production work) to incorporate additive manufacturing
(3D  printing),  materials  science,  and  microfabrication  techniques  needed  for  cutting-edge
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energy  and aerospace  applications.  By  doing  so,  German factories  could  one  day  build  the
components of space-based solar power stations or fusion power plants.

Industry Consortia and Standard-Setting: German manufacturers excel when collaborating on
standards (e.g. the OPC-UA machine interoperability standard came out of Europe). BMDS can
facilitate consortia among industry players to set technical standards in AI for manufacturing,
IoT security,  and  green production methods,  ensuring German approaches become global
norms (a strategy akin to the “Brussels effect” but driven by industry standards). This not only
benefits German firms commercially but aligns global industrial development with Germany’s
high efficiency and safety norms.

Germany’s manufacturing advantage is thus both an economic engine and a strategic asset. By double-
down on Industry 4.0 and extending it to emergent sectors, Germany can maintain a competitive edge
even  as  U.S.  and  Chinese  companies  pour  resources  into  advanced  manufacturing.  Precision
engineering is  highlighted in  strategic  analyses  as  a  key  focus  for  Germany,  and scaling it  up will
support not just domestic growth but the material backbone of a more advanced human civilization.

2. Clean Energy Transition Leadership

Through its Energiewende (energy transition), Germany has become a global laboratory for scaling up
renewable energy. This experience – hard-won through policy, innovation, and social consensus – is a
critical advantage as the world strives to drastically expand energy supply without climate fallout. In
2024, renewables supplied  54.4% of Germany’s gross electricity consumption,  and the country is
legally targeting at least  80% renewable power by 2030.  Germany also spearheads European climate
initiatives  (e.g.  was  instrumental  in  EU’s  carbon  pricing  and  vehicle  emissions  standards).  These
accomplishments  position  Germany  as  a  trailblazer  in  clean  energy whose  know-how  can  be
exported.

To scale this advantage:

Expand Renewable Capacity and Exports: Germany should continue aggressive deployment of
onshore and offshore wind, solar PV, and battery storage to hit the 2030 target – streamlining
permitting and grid expansion as current policy is doing (the government has classified grid and
fiber builds as of “overriding public interest” to speed up approvals). Surplus know-how in grid
integration, renewable intermittency management, and market design can be packaged as an
export product. German firms (in partnership with BMDS and BMWi) can offer consultancy and
tech  solutions  to  other  countries  aiming  for  high  renewables.  Turning  Energiewende  into  a
global green tech brand (similar to “Made in Germany”)  could capture a large share of the
$trillions clean energy market.

Hydrogen  and  E-Fuels  Leadership: Hard-to-electrify  sectors  need  clean  fuels.  Germany’s
National Hydrogen Strategy envisions the country as both a major  producer and importer of
green hydrogen.  By  investing in  domestic  electrolyzer  manufacturing capacity  and securing
partnerships abroad (e.g. with Australia, North Africa) for green hydrogen supply, Germany can
lead  in  establishing  a  global  hydrogen  economy.  German  companies  like  Siemens  and
Thyssenkrupp  are  already  top  makers  of  electrolysis  equipment.  Scaling  these  efforts  (with
government co-financing and demand guarantees for steel, chemicals, aviation fuel uses) will
solidify German leadership. The BMDS can also help standardize hydrogen handling and safety
regulations, shaping global norms.
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Fusion Energy and Next-Gen Nuclear: While fusion power is a long-term play, it epitomizes the
Kardashev-scale  ambition.  Europe  (with  Germany’s  contribution)  is  building  the  ITER
experimental reactor and planning a DEMO reactor by 2050. Germany hosts world-class fusion
research (e.g. the Wendelstein 7-X stellarator). Ensuring sufficient funding for these projects and
fostering a domestic ecosystem of fusion startups (some exist,  like Marvel Fusion in Munich)
could  mean  Germany  is  at  the  forefront  if/when  fusion  becomes  viable.  The  BMDS  study
specifically cites  accelerating the ITER fusion timeline as a strategic goal. Even as an aspirational
endeavor, it galvanizes advanced engineering and international collaboration skills.

Smart  Grids  and Energy  AI: Achieving  near-100% renewables  will  require  highly  intelligent
grids. Germany can leverage its IT strength to develop smart grid software, using AI to balance
supply/demand and integrate storage and electric vehicles. Pilot projects (like the EUREF smart
city campus in Berlin) should be expanded nationwide. This not only improves domestic energy
resilience  but  produces  exportable  software/hardware  solutions.  Integrating  smart  grids  is
noted as an edge for Europe – Germany should make it a reality.

By scaling up its clean energy expertise, Germany addresses a core requirement of a higher Kardashev
level: vastly greater energy availability. Crucially, it can do so in a climate-neutral way, providing a model
for sustainable abundance. In doing so, Germany also strengthens its economy (renewables already are
a major job sector) and reduces strategic dependence on fossil fuel imports. Climate-tech exports can
be a pillar of Germany’s trade, much as machine tools and cars have been. Every solar panel farm or
wind park built  abroad with German input extends Germany’s influence and helps drive humanity’s
collective energy output upward.

3. Regulatory and Standards Leadership (“Brussels Effect”)

Germany, through its influence in the EU, has been a global rule-maker in the digital and tech domain.
EU regulations like the  General Data Protection Regulation (GDPR) and the forthcoming AI Act set
stringent standards that often become global benchmarks (the “Brussels effect” whereby companies
worldwide comply with EU rules to access its market).  Likewise, Germany’s domestic regulations on
quality,  safety,  and  environment  (for  instance,  TÜV  standards  or  the  Energiewende  policies)  often
anticipate global trends. This regulatory leadership is a soft power advantage that can be leveraged both
to promote German values (privacy, safety, sustainability) and to give German industry a first-mover
advantage in compliant technologies.

Key opportunities to scale this advantage:

AI Governance and Digital Ethics: As AI and automation proliferate, questions of algorithmic
bias, job displacement, and surveillance loom large. Germany/EU, by moving early with the AI
Act, is defining what “trustworthy AI” means – emphasizing transparency, human oversight, and
risk  tiers.  Germany  should  double  down:  support  the  creation  of  a  “Trustworthy  AI”
certification program (as suggested in BMDS research) to audit and label AI systems globally.
By offering this as a service (with German firms or institutions performing audits), Germany can
monetize its regulatory expertise and embed its ethical standards in AI products worldwide. This
not only protects democratic values but builds consumer trust, an area where U.S. and Chinese
approaches (more laissez-faire or state-surveillance-oriented) are under scrutiny.

Tech Regulation Export as Industry: Compliance with complex rules is costly; Germany can
turn it into a comparative advantage. For example, after GDPR, EU companies became relatively
well-equipped in  privacy  compliance  compared  to  some U.S.  rivals,  spawning  a  privacy-tech
sector. Germany can encourage its firms to develop software and consulting services that help
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global companies navigate EU rules (from data protection to cyber security to environmental,
social, governance metrics). This could be a growth industry in itself. The BMDS study calls it
“monetizing  regulatory  advantage”  –  selling  the  expertise  in  meeting  high  standards,  which
others will eventually have to meet as well.

Democratic Digital Governance Model: Germany can champion an alternative to the “digital
authoritarianism” model (where tech is used for state control, as seen in China’s surveillance) by
showing  that  democracy  can  govern  tech  responsibly.  This  includes  strong  institutional
oversight (e.g. Germany’s data protection agencies, antitrust action against Big Tech, etc.), civil
society  involvement,  and public  debate on tech’s  role.  By  refining this  model  at  home –  for
instance,  setting  up  citizens’  assemblies  on  AI  or  ethics  councils  for  genome  editing  –  and
sharing the frameworks abroad, Germany bolsters its soft power. Already, Europe’s governance
is seen as a middle path between U.S. laissez-faire and Chinese state control. Germany should
position itself as the global advocate for digital rights, influencing international forums (UN, G7,
OECD) to adopt elements of EU-style governance for AI, cyber, and internet standards.

Streamlined  but  Accountable  Regulation: One  caveat  –  while  leading  on  high  standards,
Germany must also address its notorious  bureaucratic slowdowns.  Smart regulation means
being  agile.  The BMDS itself is tasked with reducing bureaucracy and modernizing the state;
part of scaling regulatory leadership is proving at home that rules can protect society  without
stifling innovation.  Initiatives like the  “Once Only” data sharing (NOOTS) for government (so
citizens enter data one time) will greatly cut red tape. If Germany can show that it’s possible to
have both strict standards  and a nimble, digital-first administration, that model becomes very
attractive globally. It suggests that democracies can deliver results as efficiently as autocracies,
but with freedoms intact.

In summary,  regulatory leadership is  an often intangible but powerful  lever.  It  allows Germany to
shape the environment in which technology develops. By scaling this advantage – exporting compliance
services,  setting  global  AI  governance  norms,  and  showcasing  an  efficient  digital  bureaucracy  –
Germany  magnifies  its  influence  beyond  what  raw  economic  metrics  would  predict.  It  aligns
technological progress with human-centric values, ensuring that the march toward a Kardashev-scale
civilization remains beneficial and broadly accepted by society.

4. Scientific Research and Talent Quality

Germany boasts a dense network of  universities,  Fraunhofer applied research institutes,  Max Planck
basic  research  institutes,  and  innovation  clusters.  It  consistently  ranks  among  the  top  nations  in
scientific  output  and  patent  filings.  This  scientific  quality is  a  fundamental  strength:  many
transformative technologies (from quantum physics to mRNA vaccines) have roots in European/German
labs. To drive civilization-scale advances, harnessing and expanding this intellectual capital is crucial.
However,  Germany  faces  challenges  in  turning  research  strengths  into  commercial  leadership
(sometimes  dubbed  the  “European  paradox”).  The  opportunity  lies  in  both  investing  in  frontier
research and improving the pipeline from lab to market.

Key measures to scale the scientific advantage:

Boost R&D Investment:  Germany currently spends around 3.1% of GDP on R&D. To outpace
competitors in innovation, this should be raised toward 4% over the next decade. This would put
Germany on par with or above leading R&D nations. The increase should target fields likely to be
pillars of a Type I civilization: AI and quantum computing, renewable energy tech, aerospace,
materials science, biotech, etc. Federal research programs (through the Ministry of Research &
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Technology) should earmark funds specifically for “moonshot” projects – e.g. quantum gravity
sensors, space propulsion, AI for complex systems – with high risk but high payoff. Similar to
how the U.S. DARPA operates, Germany could establish an advanced projects agency (somewhat
like  SprinD, the new federal agency for disruptive innovation) and ensure it is well-funded and
able to take bold bets.

Improve  Academia-Industry  Bridges:  While  German  basic  research  is  top-notch,  the
translation into world-leading tech companies has been weaker in the digital age. To change
this,  incentives  for  university  spin-offs and  researcher  entrepreneurship  should  be
strengthened.  Initiatives  can  include:  simplifying  IP  rules  so  professors/researchers  share  in
startup equity, expanding startup incubators at universities, and providing seed grants for tech
transfer. The BMDS study suggests reducing the academic-commercial gap as part of a  Talent
Magnetism Program. For example, expanding programs like EXIST (which funds student startups)
or  creating  “innovation  labs”  where  industry  and  academic  teams  co-develop  prototypes
(especially in AI, semiconductor design, etc.) will help keep talent and tech in Germany.

Attract and Retain Top Talent: Talent is the lifeblood of innovation. Germany suffers from an IT
skills shortage – as of 2023, an estimated 149,000 IT jobs were unfilled in Germany. Meanwhile,
many European AI PhDs still depart to Silicon Valley. To scale our scientific leadership, we need a
two-pronged approach:  upskill domestic workforce and  attract global talent.  Domestically,
this means investing in STEM education (from coding in schools to expanding computer science
programs  at  universities)  and  vocational  training  for  digital  skills.  Internationally,  Germany
should aggressively court talent: streamline the “Blue Card” work visa, perhaps offer an “AI visa”
with fast-track for experts (a recommendation in the BMDS study is an EU-wide AI researcher
visa), and market Germany’s quality of life and stability as advantages over cut-throat tech hubs.
Offering  English-language  work  environments  and  making  it  easier  for  families  of  skilled
migrants to integrate (schools, spousal work permissions) will also help. The goal should be for
Berlin, Munich, and other hubs to rank among the top global destinations for tech talent –
turning Europe’s quality of life into a magnet, as suggested in talent programs.

Leverage EU and Global Collaboration: Science is global, and many initiatives (CERN, ITER, ESA
projects) are European or international. Germany should continue to lead and perhaps increase
contributions to these big-science efforts – they produce knowledge and spinoff technologies
that  benefit  everyone.  At  the EU level,  taking a leading role in  Horizon Europe projects  and
shaping the next EU research framework (2028-2034) to prioritize Type-I-civilization enablers (AI,
energy,  climate,  space)  will  amplify  German  scientific  influence.  Also,  bilateral  science
partnerships (e.g. with the U.S. on AI or with Japan on hydrogen) can be scaled up; BMDS’s new
mandate for “Internationale Digitalpolitik” explicitly includes G7 and G20 cooperation, which can
translate into joint research endeavors.

By doubling down on science and talent,  Germany fuels  the engine that  generates breakthroughs.
Achieving a Kardashev scale advancement is ultimately a scientific and technical challenge – one solved
by people. A larger, highly skilled talent pool and a vibrant research-commercial ecosystem will increase
the odds of paradigm-shifting innovations occurring on German soil  (or with German participation).
From quantum leaps in energy to life-saving AI in healthcare, the next chapter of civilization will be
written in the language of science – and Germany must ensure its voice is loud and clear.

(Table 2 in the Appendix provides a summary of Germany’s key strengths, related opportunities, and actions to
scale them.)
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III. Priority Interventions (2025–2035): Urgent and High-Impact
Actions

Not all  initiatives can be tackled at  once;  resources must be focused where they yield the greatest
competitive gain, align with German strengths, and are feasible to implement. Based on the global
urgency  (areas  where  rivals  are  pulling  ahead),  German  advantages  identified,  and  practical
considerations,  we propose the following  prioritized interventions for  the next  decade.  These are
grouped  into  immediate  priorities  (to  initiate  by  2025-2027),  medium-term  structural  changes  (by
2028-2030), and long-term strategic bets (beyond 2030). Each is labeled with a priority level (⚡ urgent, 🛠
medium-term,  long-term) and a rationale.

1.  ⚡  AI  and  Cloud  Sovereignty  Initiative: Launch  a  crash  program  to  build  Europe’s  capacity  in
artificial  intelligence and  cloud  computing.  This  addresses  the  most  glaring  competitive  gap  –
Europe’s AI compute and cloud infrastructure is minimal compared to US tech giants. Key elements: 

Establish a  European AI Supercomputing Center in Germany, possibly by expanding existing
facilities (like Jülich’s Forschungszentrum) or new ones, to enable training of large AI models on
EU soil. This should be paired with an EU-wide  AI Investment Fund of ~€20 billion per year
(public-private)  to  fund  startups,  research,  and  compute  –  a  scale  similar  to  US  spending.
Germany should spearhead this fund, as suggested in the BMDS study, to ensure at least €20B
annually goes into European AI development.

Support  the  creation  of  European  cloud  services for  sovereignty.  Encourage  national
champions (like Deutsche Telekom or SAP) and EU partners (OVHcloud in France, etc.) to build
federated  cloud offerings  that  meet  EU standards  for  data  privacy  and security.  This  might
involve  subsidizing  data  center  construction  and  fiber  networks,  as  well  as  regulatory
preferences (e.g. requiring government data to be stored on EU-based clouds). While competing
with AWS/Azure is daunting, focusing on specific niches (government cloud, enterprise-specific
clouds) and interoperability (the GAIA-X project approach) can carve space.  Success metric: By
2030, increase European cloud providers’ market share in Europe from ~13% currently to at least
25%.

NVIDIA  Industrial  AI  Cloud  Partnership: Germany  should  fully  capitalize  on  the  recently
announced partnership with NVIDIA to build a “world’s first Industrial AI Cloud” in Germany. This
initiative  will  see  NVIDIA  and  German  industry  co-invest  in  AI  infrastructure  tailored  to
manufacturing  needs,  with  a  technology  center  in  Germany providing  cutting-edge  AI
hardware  and  training  expertise.  The  government  should  facilitate  this  (fast-track  any
permitting, possibly co-fund with subsidies or tax breaks) and ensure the resulting infrastructure
is accessible to Mittelstand companies. Within 9 months of the June 2025 announcement, this
cloud should be operational – providing German industry with on-demand AI compute power,
enabling them to develop advanced AI  solutions (from predictive maintenance to generative
design).  This  directly  plugs  a  sovereignty  gap  and  should  be  expanded  further  in  phases
(perhaps link it into a broader European AI cloud network with France and others).
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2. ⚡ Semiconductor & Quantum Tech Push: Close the semiconductor gap by building up fab capacity
and chip design ecosystems. Secure computing hardware is as critical as software for future power.
Steps:

Follow through and expand support for  semiconductor fabs in Germany.  The government’s
recent agreements to subsidize Intel’s €30B fab in Magdeburg with ~€10B and TSMC’s fab in
Dresden with  ~€5B are  steps  in  the  right  direction.  Ensure  these  projects  stay  on  track  for
2027-2028 production. Additionally, set aside funding for second-phase expansions or additional
fabs  (perhaps  in  partnership  with  European  Semiconductor  Manufacturing  Company
consortium). Aim to double Europe’s global market share in chips from ~10% to 20% by 2030, in
line with the EU Chips Act goal (mobilizing €43B public-private investment by 2030).

Invest  not  just  in  fabrication  but  in  chip  design  (fabless)  and  new  technologies:  Support
European  startups  working  on  AI  accelerators,  neuromorphic  chips,  quantum  processors.
Germany’s Fraunhofer and university labs should get funding for pilot production of photonic
chips, power electronics, etc. Also bolster the supply chain (materials, equipment). For instance,
Germany’s TRUMPF and ZEISS are key suppliers to ASML’s lithography; maintaining that prowess
is strategic.

In quantum computing, where the US and China race ahead, Germany has solid research (e.g.
IQM in  Munich,  JoS  Quantum).  A  national  Quantum Initiative could  create  quantum hubs,
linking research to industry use-cases (logistics, pharma simulations). By 2026, have at least one
German quantum computer of >100 qubits accessible to researchers and companies.

3.  ⚡  Digital  Infrastructure  and  GovTech  Modernization: Acknowledge  that  world-class  digital
infrastructure is the foundation for everything from AI to remote work. Accelerate broadband and 5G
rollout as a national mission:

Fully  implement  the  plan  to  treat  network  expansion  as  “überragendes  öffentliches
Interesse” (overriding public interest). The Telecom Law change will prioritize fiber optic and 5G/
6G tower permits through 2030. This must translate into action: by 2025 ensure all remaining
“white spots” (areas with slow internet)  have projects underway; by 2027 achieve nationwide
gigabit coverage. Monitoring and accountability are key – the Mobilfunk-Messwoche initiative
(measuring mobile coverage nationwide) launched in 2025 should be repeated annually to track
improvements.

6G and Future Internet: Don’t just catch up to current tech; invest in future networks (Germany
is already involved in EU 6G research).  Aim for a German prototype 6G deployment by 2028
(perhaps at a university campus or a city pilot) to keep Germany at the frontier of telecom.

Modernize government digitally to both save costs and lead by example. Continue expanding
digital citizen services: implement the “Once-Only” principle via NOOTS so that by 2026, most
common interactions (change of address, business registration, etc.) require no redundant data
entry.  Roll  out  the  digital  ID  wallet  and  Bürgerkonto  (citizen  account) for  all  residents,
enabling one-stop access to e-government by 2025-26. These efforts not only make the state
more efficient (with estimated billions in savings from reduced bureaucracy) but also stimulate
the  GovTech  sector  (companies  developing  software  for  these  systems).  Germany  can  then
export these solutions to other governments.
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Cybersecurity as part of infrastructure: As digital networks expand, so do cyber risks. Ensure
every new initiative (cloud,  ID,  etc.)  has strong security.  Possibly  establish a  National  Cyber
Guard (public-private entity) to protect critical infrastructure and respond to incidents, drawing
on expertise from agencies (BSI) and industry.

4. 🛠  Education, Skills, and Talent Magnet Strategy: Without enough skilled people, even the best
plan fails. Germany must urgently address the talent shortage to remain innovative:

Set a target to reduce IT vacancies by half by 2030. This means training or importing on the
order  of  75,000  additional  IT  experts  above  current  trends.  Use  multiple  levers:  expand
university CS and engineering intake (with funding to ensure quality doesn’t drop), create more
coding bootcamps and continuing  education  programs (perhaps  subsidized  by  vouchers  for
workers to re-skill in digital fields), and make work visas even easier for needed roles.

Implement a  fast-track  “Tech Visa” program. For example,  promise a 2-week processing for
recognized tech occupations, and allow entry on a job-seeking visa for, say, 6 months for anyone
with a tech degree from a top 100 university globally. Also, promote these opportunities abroad
through  campaigns,  touting  Germany’s  livability,  strong  worker  protections,  and  stability  –
aspects highlighted as Europe’s quality-of-life advantage. The goal is to lure frustrated talent
from overworked environments (a nod to the BMDS note that Europe can offer an alternative to
Silicon Valley’s burnout culture).

Retain domestic talent: Prevent brain drain by improving career prospects in research and tech
at home. Increase funding for doctoral and postdoc positions to be competitive with U.S. offers,
and encourage industry to fund chairs or fellowships in AI,  semiconductor physics,  etc.  Also,
foster a more entrepreneurial culture so talented people see opportunity in German startups,
not only in joining Big Tech abroad. This ties back to improving venture capital availability and
reducing stigma of failure in business – cultural shifts that policy can aid by, for example, startup
grants and second-chance programs for failed entrepreneurs.

Leverage European talent pool: Support EU initiatives like the European Talent Pool (a platform
for  matching  high-skill  Ukrainian  refugees  and  other  migrants  to  EU  jobs)  and  mutual
recognition of qualifications. Germany can benefit from skilled workers from southern/eastern
EU where unemployment is  higher.  A coordinated EU talent strategy would reduce zero-sum
poaching within Europe and present a united front to attract global talent.

5. 🛠 European Integration & Alliances for Tech: Many goals (AI, defense, space) exceed the capacity
of any one EU country. Germany should lead an effort to deepen European coordination in strategic
technologies:

Pursue  a  “Digital  Single  Market  2.0” –  push  for  complete  removal  of  barriers  for  digital
businesses across EU (uniform data laws, streamlined cross-border e-commerce regulations) by
2027. This includes finalizing the EU Data Act and AI Act as enabling frameworks, and promoting
English proficiency in tech contexts EU-wide (as suggested, adopting English as a primary tech
language to cut fragmentation costs).

Advocate for an  EU Sovereignty Fund that pools resources for semiconductors, AI, batteries,
etc. The EU Chips Act (€43B) is one pillar; a broader tech fund could mirror the US CHIPS+Science
Act (which overall dedicates $280B including R&D). During the 2028-2034 Multiannual Financial
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Framework  negotiations,  Germany  should  champion  a  significant  increase  in  R&D  and
innovation spending. This is a “policy window” to lock in funding aligned with our roadmap.

Strengthen  Franco-German  tech  cooperation as  the  core  engine  of  EU  tech  leadership.
Initiatives like a joint “European GPT” large language model project with France (an idea noted in
BMDS study)  can pool  expertise  and share costs.  The recent  first  meeting of  Digitalminister
Wildberger with France’s digital minister (June 2025) should be institutionalized into a regular
working group to advance projects on AI, cloud, and 5G corridors (e.g. a Paris-Berlin AI network).
Extend this spirit to other willing partners (Netherlands for semiconductors, Nordics for green
tech, etc.).

Utilize NATO/EU for tech-defense synergy: With security back on the agenda, Germany can tie
its  tech  push  with  defense  modernization.  Support  the  nascent  European  Defence  Union
concept to collaboratively develop cyber defense, drones, and space security assets. This reduces
dependency on U.S. military tech and keeps European industry (including German firms) at the
cutting edge of  defense innovation –  which often spills  over  to  civilian tech (like  aerospace,
encryption, etc.).

6.   Long-Term “Big Bets” (2030 and beyond): These are initiatives that  align with Kardashev-scale
ambitions and secure Germany’s leadership well into mid-century. They require starting now (due to
long development cycles) but may only fully bear fruit in the 2030s or 2040s:

Fusion Energy Commercialization: Building on Europe’s ITER project, Germany should be ready
to host or support a prototype fusion power plant if ITER succeeds. This could be a DEMO plant
in the 2040s. Nearer term, expand research in alternative fusion approaches (stellarators, laser
inertial fusion) by funding domestic labs and startups. If fusion is cracked, it’s a game-changer
for  Type  I  civilization  –  essentially  unlimited  clean  energy.  Germany  must  position  itself  to
capitalize on or at least  not miss the fusion breakthrough. A national “Fusion Tech Taskforce”
could  be created to  monitor  global  progress  and prepare a  plan for  rapid  deployment  (site
selection, regulatory framework) once the tech is viable.

Space Infrastructure & Exploration: While Germany has no standalone NASA, through ESA it
can influence major projects.  Advocate at EU level for ambitious missions – e.g. space-based
solar  power  pilots,  a  permanent  Moon  base  (for  research  and  mining)  by  the  2030s,  and
European participation in crewed Mars missions by 2040. Germany’s industry (Airbus Defence &
Space, OHB) is big in satellite tech; it should also invest in the newspace sector (small launchers,
satellite mega-constellations for global internet, etc.). The aim is to ensure Europe/Germany are
not left behind in the new space race (with U.S. private sector and China’s space program making
rapid strides). By contributing key technologies (habitat modules, life support systems, rovers),
Germany gains a stake in humanity’s off-world expansion – an integral part of progressing up
the Kardashev scale.

Next-Gen Urban Infrastructure (“Smart Cities”): Plan for the cities of 2040 which will be highly
instrumented  and  AI-managed.  Germany  can  pilot  smart  city  initiatives  at  scale –  e.g.
converting an entire mid-size city into a smart grid,  autonomous vehicle-friendly,  sensor-rich
environment.  These  testbeds  will  generate  solutions  (in  traffic  management,  energy  saving,
disaster resilience) that can be exported as urbanization kits for the world’s growing megacities.
Given that ~70% of global population may live in cities by 2050, having German-developed smart
infrastructure deployed globally not only is an economic opportunity but helps drive efficiency
and quality of life improvements at a civilization level.
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Democratic  Technology  Governance  Internationally: Long  term,  Germany  should  aim  to
institutionalize the governance of emerging tech in the international system. For example,
propose a “Tech 20” forum (T20) paralleling the G20, where leading tech nations regularly discuss
AI  ethics,  digital  trade rules,  etc.  or  champion an updated UN body for  digital  cooperation.
Ensuring that as humanity’s capabilities grow, they are managed in line with democratic values
and rule of  law will  be Germany’s  enduring contribution.  This  may involve treaty-making on
things like autonomous weapons, data sharing, or climate engineering. Germany’s credibility as
a fair and principled actor can convene others to agree on norms that prevent tech misuse while
promoting progress.  It’s  a  continuation of  the regulatory leadership,  writ  large for the most
transformative technologies of the future (like superintelligent AI or geoengineering).

Each of these interventions has been prioritized because it addresses an urgent gap or leverages a
particular German strength and is feasible with strong political will. For example, AI/cloud sovereignty
and chip investments (priority #1 and #2) are urgent because the window to catch up is closing – the
BMDS study warns that if  a breakthrough AI happens in US or China first,  Europe risks permanent
follower status. By acting now, Germany can mitigate that risk. Similarly,  digital infrastructure and
gov’t modernization (#3) builds on existing momentum (new BMDS ministry focus) and yields enabling
benefits across the board, making it highly feasible and impactful. European coordination (#5) aligns
with Germany’s post-war strategy of working multilaterally and is timely given new EU funding cycles.
The  long-term bets (#6) are less certain in outcome, but the potential upside (fusion, space, etc.) is
enormous  –  and  waiting  for  certainty  means  arriving  too  late  to  shape  standards  or  industries.
Germany should invest a reasonable share of its resources in these moonshots as part of a balanced
strategy.

In  implementing  these  interventions,  it  will  be  crucial  to  maintain  public  support  (through
communication of the vision and how it benefits citizens in jobs, security, environment) and to adjust
course  as  needed  based  on  results  (agile  policy).  The  next  section  will  map  these  actions  onto  a
timeline aligned with political  cycles to  ensure they are linked to realistic  decision windows and
accountability milestones.

IV. Timeline & Milestones Aligned to Political Cycles

Achieving  these  ambitious  goals  requires  a  long-term  commitment  that  transcends  any  single
government.  However,  planning around  electoral  cycles  and EU policy  windows ensures  that  the
roadmap’s  components  can  be  initiated  and  anchored  when  the  opportunity  arises.  Below  is  a
structured timeline of key milestones from now to mid-century, aligned with German federal elections
(4-year terms) and EU institutional cycles. This timeline will help policymakers prioritize actions each
term and leverage upcoming EU budgets and programs effectively.

2025 – Foundation Laying (New Government Kick-off)
- Political Context: A new German government (2025-2029 term, with BMDS now established) and the
EU’s new Commission (2024-2029) are in place.
- Key Actions:
-  Immediate funding boosts:  Allocate  seed budgets  for  the  AI/Cloud Sovereignty Initiative (e.g.
€1-2B in 2025 budget to start building AI compute centers and the investment fund). Begin talks with
France/EU on joint AI projects.
- Legislation: Pass the Telecom Law amendment elevating broadband/5G expansion to public interest
(target achieved – Cabinet approved in May 2025). Start implementing fast-track permitting procedures
by Q4 2025.
- BMDS programs launch: Roll out the Digital ID Wallet and Once-Only NOOTS system pilot by end of
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2025 to showcase initial citizen services improvement.
-  International:  Host  a  EU Digital  Summit (proposed by Minister  Wildberger in collaboration with
France) to harmonize AI/cloud strategies – aim for a declaration by EU states supporting the European
AI infrastructure idea. Engage with the U.S. on the Trade and Tech Council to ensure EU AI aspirations
are understood and not stymied by transatlantic issues.

2026–2027 – Execution of Quick Wins & EU Negotiations
-  Political  Context: Mid-term  of  German  government;  focus  on  showing  tangible  results  before
campaign mode starts in 2028. EU is preparing its post-2027 budget (MFF) and mid-term reviews of
programs like Horizon Europe.
- Key Milestones:
- Digital Infrastructure: By end of 2026, achieve >98% broadband coverage ≥100 Mbps, and >90% 5G
coverage  (measurable  via  the  Mobilfunk-Messwoche  reports).  Publish  progress  to  maintain  public
support.
-  AI & Chips:  Groundbreaking on the  Intel  Magdeburg fab (set  for  2026)  and  TSMC Dresden fab
(target 2026). Ensure workforce training programs in those regions to staff the fabs. Also 2026: Launch
the Industrial AI Cloud with NVIDIA – it should be up and running, serving at least 100 pilot projects
with German Mittelstand companies by 2027.
-  GovTech: By 2027, have at least 100 high-impact federal services fully online (e.g. passport renewal,
business  registration,  social  benefit  applications  all  through  digital  portals).  This  fulfills  the  Online
Access Act goals and demonstrates the BMDS’s effectiveness.
-  EU Budget 2028-34 influence:  In  2026-27,  Germany negotiates  actively  for  a  strong research &
innovation budget in the next MFF. Milestone: secure agreement for, say, a 50% increase in Horizon
Europe  successor  funding  and  a  ring-fenced  “European  Tech  Sovereignty  Fund.”  Also  push  for  a
dedicated EU Chips Act funding line to support the fab investments in multiple countries.
-  Legislation/EU:  2026  –  EU  AI  Act  comes  into  force;  Germany  should  have  setup  its  national  AI
supervisory authority and compliance ecosystem, turning regulation into a market advantage for local
firms (they are ready while others scramble).

2028–2029 – Evaluation and Transition
- Political Context: German federal elections due in late 2029. EU Commission term ending 2029 with
elections that year as well. This period is crucial to lock-in the continuity of the roadmap across political
shifts.
- Key Milestones:
-  Assessment Report 2028: Government publishes a comprehensive Digital & Tech Progress Report
(could be similar to a climate “stock-take”) evaluating achievements: AI fund disbursements, number of
startups, progress on renewables (is 2030 80% target within reach?), talent immigration numbers, etc. If
gaps remain (e.g. AI fund didn’t reach €20B/year), this is flagged with corrective measures.
- Major Deliverables by 2028: Germany’s renewable electricity share is ~65-70% on track to 80%; Fusion
research  –  Wendelstein-7X  achieves  milestone  steady-state  plasma;  The  first  German  quantum
computer online. Also by 2028, Berlin-Paris quantum-encrypted data link operational as a symbol of
EU tech integration (just an example of a collaborative project).
- Election Platforms 2029: All major parties should, by this time, have adopted the core tenets of this
tech roadmap in their platforms, reflecting a broad consensus. (Behind the scenes, BMDS should brief
opposition parties to encourage non-partisan support for long-term investments).
- EU Level: In 2029, a new European Commission will be formed. Germany should ensure key positions
(Digital/Tech Commissioner or internal market) are held by individuals supportive of the sovereignty
and innovation agenda. Also by 2029, initial results of EU’s 2025-27 heavy investment will be visible:
maybe  a  European  cloud  federation  is  live,  and  joint  AI  research  centers  established.  Use  these
successes in election messaging to show Germany in a leading role in Europe.
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2030–2031 – Reset and Scale-Up (New Government and EU Programs)
- Political Context: A new German government (or continued coalition) from 2029 will now implement
the next phase, and the new EU Commission (2029-2034) plus the 2030 climate and tech targets come
due.
- Key Milestones:
-  2030  Targets:  Achieve  80%  renewable  electricity in  Germany.  This  dramatically  cuts  carbon
emissions  and  sets  stage  to  approach  100%  soon  after.  Also  by  2030,  ensure  the  semiconductor
targets: e.g. EU’s goal to double chip production – measure progress (maybe the Intel and TSMC fabs
together with expansions in France, Italy, etc., doubled EU capacity). If short, plan additional incentives.
- AI & Cloud: By 2030, aim for at least one European foundation AI model in the world top 5 (in terms
of capability), developed with German participation – e.g. a multilingual GPT-X trained on the European
AI  infrastructure.  Also,  European  cloud  providers  should  have  significantly  higher  adoption  in
government and sensitive industries due to trust and Gaia-X compatibility.
-  New Initiatives: With 2030 achieved, shift focus to next horizon: update climate law to target 100%
carbon-free electricity by 2035;  set  a  target year for fusion DEMO plant construction (perhaps
2045, in line with EU plans); intensify space investments (if by 2030 China and US are mining the Moon,
ensure Europe is too). Essentially, use 2030 as a springboard to more ambitious 2040 goals.

EU Policy Window: The Multiannual Financial Framework for 2028-2034 will be in full swing by
2030. Ensure the mid-term review (around 2031) reallocates funds if needed to tech areas
showing promise or needing a boost. Also, 2030 might see expansion of the EU (new members
possibly) – integrate them into digital infrastructure plans (so they don’t lag and become weak
links).

2032–2035 – Mid-2030s Expansion and Convergence
- Political Context: German election again in 2033; EU elections 2034. The world tech landscape likely
very advanced (AI potentially reaching AGI-like systems, climate situation urgent, geopolitics could be
tense over tech). Germany must by now be in a position of strength to navigate this.
- Key Milestones:
-  AGI  Preparedness:  If  AI  has  progressed  towards  artificial  general  intelligence  by  mid-2030s  (not
certain,  but  possible  given  exponential  trends),  Germany and EU need governance  mechanisms in
place. Perhaps by 2033, establish a Global AI Governance Convention hosted in Berlin – a diplomatic
win if achieved, positioning Germany as the place where the world agreed on safe AI development (akin
to how Geneva is to humanitarian law).
-  Infrastructure:  Complete  national  fiber-to-the-premises rollout  by  2035  –  every  household
connected with world-leading speed/reliability. Similarly, 6G network nationwide by 2035, enabling the
next wave of Internet of Things and immersive tech.
-  Energy: By 2035, Germany aims for near-100% renewable power and is phasing out natural gas for
heating  (replaced  by  heat  pumps  and  hydrogen).  Excess  renewable  capacity  converted  to  green
hydrogen for export. Also, if small modular reactors (SMRs) become viable and acceptable, reconsider
nuclear in energy mix for guaranteed baseload (though politically sensitive, technology may evolve by
then).
- Fusion Demo: If ITER (scheduled to achieve full fusion by ~2035) is successful, Germany/Europe should
immediately launch a Demo fusion power plant project (target operation ~2045). Location scouting in
2030s – possibly Greifswald (home of W7-X) or Cadarache expansion.
- Space: By 2035, Europe has hopefully participated in a Moon research base. German-built robotics and
habitat modules should be present on the lunar surface. Also, a European astronaut might have gone to
the Moon as part of Artemis or a parallel mission – a win for inspiration and STEM promotion.
-  Society:  Aim that  by 2035,  Germany’s  population and workforce have embraced these changes –
digital literacy approaches universal, public trust in tech governance is high (regular surveys and town
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halls on tech issues to keep feedback loop). Essentially, the German public should feel a sense of shared
achievement in becoming a leading nation of the future, easing concerns about change.

2036–2050 – Towards Type I Civilization (Long Range Trajectory)
-  By the late 2040s,  if  the groundwork is  laid as above,  Germany and Europe could realistically  be
approaching Kardashev Type I benchmarks: harnessing on the order of 10^16 watts of power (today
humans use ~10^13 watts). This might come from a combination of an expanded renewable grid across
Europe,  perhaps some fusion reactors,  and maybe solar collectors in space beaming energy down.
Germany’s role would be key in each component.
-  2040:  Europe’s first fusion pilot producing net power;  pan-European supergrid operational (linking
solar from Sahara, offshore wind from North Sea, etc., enabled by German HVDC cable tech and grid
management).
- 2045: Germany meets its climate neutrality goal (2045 is the official target for net-zero emissions). This
is  a  major  milestone:  an  advanced  industrial  economy  proving  that  net-zero  is  compatible  with
prosperity, achieved through tech innovation. It sets an example globally and puts humanity on track to
stabilizing  climate  while  still  increasing  energy  usage  via  clean  sources  –  a  must  for  civilizational
advancement.
- 2050: Possibly, significant space industrialization: asteroid mining missions retrieving resources, large-
scale habitats being tested. German tech (mining robots, life support systems, precision instruments)
likely present. The EU could have its own independent human spaceflight program by then, in which
Germany would be a big player.
- AI & Robotics: By mid-century, AI and robotics might handle most routine work, with humans focusing
on creative and strategic tasks. Germany’s earlier emphasis on “humane tech governance” would pay off
in this  scenario  –  hopefully  ensuring equitable  distribution of  AI’s  economic  gains  (maybe through
mechanisms like UBI, which Germany might pilot in late 2030s if  automation surges).  Society could
reach unprecedented education and leisure levels, a hallmark of advanced civilization, if managed well.

Throughout this trajectory, aligning with electoral cycles ensures each incoming government renews
and adjusts the roadmap. For instance, every election (2029, 2033, 2037, etc.) should be an opportunity
to reaffirm or refine the goals based on progress and new developments. Similarly, engagement at EU
policy windows (new Commissions in 2029, 2034, 2039 and new budgets every 7 years) allows scaling
successful initiatives and securing funding. The timeline above illustrates an  iterative approach: set
bold targets, achieve or learn, then elevate ambition for the next period – much like climate policy cycles
but applied to tech and development.

This phased approach, with clear milestones, also allows for accountability. If a target is missed (say AI
investment isn’t ramped up by 2027 as hoped), it becomes evident and can be corrected earlier rather
than later. It creates a narrative of progress to keep public support: people can see how far Germany
has come every few years (e.g., “10 years ago we had hardly any AI industry, now we have a thriving
one” or “we cut bureaucracy processing time by 80% in a decade”). Celebrating interim successes (like
hitting the 80% renewables goal in 2030) is important to maintain momentum for the longer journey.

V. Investment Needs and Closing Critical Gaps

Achieving the above goals will  require significant  financial investment –  but it  is  an investment in
future prosperity and security. Here we quantify the order of magnitude of resources needed in key
areas and compare them to global benchmarks to justify their scale. The aim is to close critical gaps: in
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AI,  cloud,  chips,  energy,  and talent.  By  framing these in  numbers,  we can ground the ambition in
economic reality and planning.

Artificial Intelligence & Cloud: To become competitive in AI, Europe needs to spend at least
one-third to half of U.S. levels annually.  The U.S. private AI investment was ~€44B in 2022;
adding public projects could bring US total AI spending to ~$50-60B/yr. We target ~€20B/yr for
EU as recommended. Germany’s share (as largest economy) might be ~€5-€7B of that per year,
via both public  funding and incentivizing private investment.  This  would cover building data
centers, funding research (Horizon Europe dedicating €2B to AI in 2021-27 , which should
increase  post-2027),  and  supporting  startups.  Cloud infrastructure:  constructing  large  data
centers can cost billions; perhaps €10B over 5 years across Europe to establish a federated cloud
(for reference, one hyperscale data center can cost €1B+). Given Germany’s goal of sovereignty,
it might subsidize a portion – say €2-3B in German budget over 2025-2030 for cloud projects
(Gaia-X and public sector clouds). These figures, while high, are put in perspective by China’s $1.4
trillion tech infrastructure plan to 2025; Europe collectively is investing far less, so there is
room (and need) to ramp up significantly.

Semiconductors: The EU Chips Act’s €43B by 2030 is a baseline. Germany specifically has already
committed roughly €15B in subsidies to ongoing fab projects (Intel, TSMC, etc.). More will be
needed  for  supporting  ecosystems  (suppliers,  R&D,  workforce  development).  We  estimate
Germany should allocate another ~€5-10B through 2030 to semiconductors beyond current
commitments – for instance, to attract a few chip design centers or support local companies like
Infineon to expand capacity in power semiconductors (where they are strong). Compared to the
US $52B CHIPS Act (which is just federal money, plus tax credits), these figures are comparable
on a continental scale; they are considered necessary to roughly double EU chip output. Over the
long term, maintaining a leading-edge fab will require sustained reinvestment (tens of billions
each new node generation), but by partnering with industry giants (Intel/TSMC) Europe shares
that burden.

Energy Infrastructure: Germany’s energy transition will require an estimated  €500B by 2030
(various studies have cited figures in that range for generation, grid, storage investments). This
includes expanding wind, solar, new transmission lines, and EV charging networks. On an annual
basis, that’s ~€50B/yr. The good news is much of this comes from private sector (utilities, etc.)
guided by policy (like auctions for renewables) rather than direct state spend, though subsidies
and financing support (e.g. low-interest loans from KfW) are part of it. Additionally, Germany’s
hydrogen strategy foresees €9B public investment by 2030 to kickstart the hydrogen economy.
For context, the U.S. Inflation Reduction Act put ~$369B toward climate/energy over 10 years;
the EU’s NextGenerationEU recovery fund devoted ~€200B+ to green projects Europe-wide. So
Germany’s level of spending is in line with peers. What’s critical is ensuring grid upgrades (often
a bottleneck) get their share – hence classifying them as top priority. For fusion R&D, budgets
are relatively small now (EU’s fusion research ~€900M/year). Scaling that might mean Germany
contributing an extra couple hundred million per year if we want to accelerate progress (e.g.
fund more engineers, simulators, material research for fusion). That is a tiny fraction of overall
energy spend but could yield high payoff.

Talent and Education: Quantifying investment in people is trickier, but one can assign costs to
proposals. For example, expanding university STEM capacity: if we aim for, say, 5,000 more CS
graduates per year by 2030, building facilities and hiring faculty might cost on the order of €1B
over a decade across universities. Vocational training digital modernization – maybe another few
hundred million. The opportunity cost of unfilled IT jobs is huge (Bitkom estimates billions in
lost output), so spending a billion or two to close the gap is easily justified. On attracting global
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talent, measures like marketing campaigns or speeding visas are cheap administratively; more
significant would be if Germany considered tax incentives for foreign experts or subsidies (like
paying  relocation  costs),  but  that  likely  remains  modest  financially.  Overall,  adding  perhaps
€0.5-1B/year in various talent initiatives (scholarships, visa processing improvements, etc.) could
be transformative, and is a rounding error in the budget (~€500M is what Germany might spend
on  a  few  km  of  highway).  Considering  Germany’s  surplus  often,  there  is  room  to  prioritize
human capital. Also, aligning wages in academia and research to be competitive globally might
require policy changes but not exorbitant sums.

R&D and Innovation Funding: As mentioned, pushing R&D to 4% of GDP by 2030 means an
extra ~€35B per year on top of current ~€115B (since 3.1% of ~€3.8T GDP is ~€118B, and 4%
would be ~€152B). Not all of that extra needs to be government – in fact, most should be private
– but government can catalyze. Direct public R&D in Germany is about 0.9% of GDP currently.
Upping that to 1.2% (while private goes from ~2.2% to ~2.8%) may mean an extra €10-15B public
funds yearly by 2030. Given the strategic importance, this is reasonable. For comparison, South
Korea  spends  4.5%  of  GDP  on  R&D,  Israel  over  5%;  Germany  reaching  4%  is  high  but  not
unprecedented. The EU’s collective goal is 3%, so Germany doing 4% would lead by example.

Global benchmark comparisons: China’s sheer scale of planned investment (~$1.4T in digital by 2025,
and even more in its Belt & Road, etc.) dwarf any single country in Europe. The U.S. mobilized massive
funds with the CHIPS Act, IRA, etc., signaling a new era of industrial policy. In that light, Germany’s
investments as outlined are ambitious but not excessive – they are the entry fee to remain a top-tier
player. Moreover, many investments (AI, chips, climate tech) have multiplicative economic effects: they
create new industries, jobs, and tax revenues, meaning they can pay back over time. For example, if
Germany spends €5B on AI and manages to nurture a homegrown AI industry worth €50B in market
cap, the returns in tax and societal benefit are manifold.

It’s  also worth noting that  some funding can come from  European or joint sources:  e.g.  the EU’s
Horizon Europe, Digital Europe Program (with €7.5B for digital including €2B for AI/data ), and the
Recovery Fund have allocations that Germany can tap into with good project proposals. The roadmap
assumes Germany will capture a fair share of these by leading consortia and shaping calls.

Prioritization within budget: Germany’s federal budget is on the order of €450B annually. Reallocating
just a few percent of that toward these priorities (and leveraging private co-investment) can finance the
transformation.  For  instance,  redirecting  subsidies  from  legacy  industries  (like  fossil  fuel  subsidies
which still  exist)  to clean energy and tech would be sensible. Also, the increase in debt allowed for
climate  and  digital  investment  via  the  special  funds  can  be  utilized  (the  “Klima-  und
Transformationsfonds” is already €200B over several years, which can cover a lot of green and digital
spending).  As long as spending is  viewed as investment,  it  should garner support  even from fiscal
conservatives, especially if tied to clear goals.

In summary, while the sums required are large in absolute terms, they are  manageable and in line
with what competitors are doing or the challenge demands. The cost of inaction – a continued slide
in relative competitiveness – would ultimately be far higher in lost growth and strategic dependency. By
quantifying  needs  and  securing  funding  early  (e.g.,  writing  these  priorities  into  the  2025  coalition
budget and the EU’s 2028 framework), Germany can ensure the money doesn’t fall short of the vision.
Robust cost-benefit analyses for each major program (AI infrastructure, chips, etc.) should be conducted
to optimize the spend, but given the strategic nature, it’s clear that these are high-return investments in
Germany’s future and humanity’s progress.
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VI. BMDS Initiatives: Building Blocks to Expand and Enhance

The newly formed Bundesministerium für Digitales und Staatsmodernisierung (BMDS) has already launched
or  announced  several  promising  initiatives  in  2025.  These  form  the  immediate  building  blocks  of
Germany’s digital and tech transformation. By expanding and enhancing these initiatives, Germany can
accelerate momentum. This chapter highlights key BMDS actions to date and how to build on them:

NOOTS  “Once-Only”  Data  Exchange: The  BMDS  moved  quickly  on  the  National  Once-Only
Technical System (NOOTS), which will enable citizens and businesses to provide data just once to
authorities,  with inter-agency data sharing thereafter.  This is a game-changer for cutting red
tape.  Expansion: Swift  ratification  by  Länder  (states)  is  needed  so  NOOTS  can  be  nationally
operational by 2025/26. Beyond that, integrate NOOTS with the EU’s emerging  Single Digital
Gateway, so that by late 2020s, a German citizen’s data can also be shared cross-border for EU
services (e.g., if they move to another EU country). Also, ensure robust data security and a user-
friendly consent (“Datenschutzcockpit”) so citizens trust and opt into these data reuse. The time
and cost savings from this will free up resources in the administration (fewer clerks typing data)
which can be redirected to higher-skilled digital tasks.

Broadband  and  5G  Fast-Track  (“Netzausbau  mit  Tempo”): Minister  Wildberger  declared
speeding  up  network  expansion  as  a  first  priority,  implementing  the  legal  designation  of
broadband/5G as of overriding public interest.  Expansion: This measure has a sunset (end of
2030); if it proves effective, consider extending it or making it permanent for future tech (like 6G
fiber densification). Also, complement legal change with capacity-building: e.g., fund more staff
in  planning  authorities  to  handle  the  influx  of  permit  requests,  use  digital  tools  for  permit
tracking, and impose accountability for delays. To engage the public, BMDS could publish an
online  “Broadband  Dashboard” showing  progress  in  every  region  –  transparency  will  keep
pressure  on  implementing  agencies  and  telcos.  The  initial  “mobilfunk-Messwoche”  (mobile
network measuring week) is a good step for transparency; continue that and add broadband
measurements. Encourage a bit of competition – maybe states or municipalities can vie to be
“fastest region” etc., spurred by federal recognition or small grants.

NVIDIA & AI Cooperation: In June 2025, BMDS facilitated a top-level meeting where Chancellor
Merz and NVIDIA’s CEO agreed on strategic cooperation, with NVIDIA investing in a sovereign AI
infrastructure in Germany tailored to industry’s needs. It includes establishing an Industrial
AI Cloud and a NVIDIA tech center in Germany. Expansion: This partnership should be just the
first. Use it as a template to attract other major tech players to invest in Germany’s ecosystem on
Germany’s terms (e.g., perhaps negotiate with companies like Google to set up a European AI
lab in Munich, or with a major robotics firm to establish a research park). The NVIDIA project
itself must be seen through: within 9 months (by early 2026) it should be delivering services.
BMDS should gather German industry leaders to ensure they leverage this cloud – basically an
awareness campaign that “this resource exists; use it instead of an American cloud.” Over time,
ensure that the know-how transfer happens: the “Technology Center” should train thousands of
German engineers on latest AI hardware and methods. Government can subsidize seats in these
training programs (e.g., vouchers for Mittelstand employees to attend NVIDIA’s Deep Learning
Institute courses). The result: not just infrastructure, but human capital uplift.

Digital  Identity  Wallet  &  Citizen  Portal: As  noted  in  the  BMDS  introduction,  one  of  its
mandates is implementing a secure digital ID wallet and universal citizen accounts. Status: Likely
in development or pilot stage as of 2025. Expansion: Ensure it supports not just federal services
but also state and local, to be truly one-stop. Work with EU’s eIDAS 2.0 framework (European
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Digital  Identity Wallet)  so German wallet  is  compatible – possibly making the German wallet
usable across Europe as an early mover advantage. Widespread adoption is key: perhaps require
its use (or strongly incentivize) for certain transactions (like tax filing) to drive uptake. Promote
with a public campaign emphasizing convenience and security (people often worry about digital
IDs; address those head-on). Over time, this wallet can integrate credentials beyond gov: e.g.
university degrees, health records, to become a general trust platform, all under citizen’s control.
A well-implemented wallet  makes many future services (like online voting,  automated hiring
checks, etc.) feasible.

Public  Procurement Overhaul  (IT-Ausgaben Check): BMDS was given a  veto on federal  IT
spending to harmonize and make it efficient. Use this power: Conduct a review of all major federal
IT projects, consolidate where multiple agencies plan similar systems, enforce cloud-first and
open-source-preference  policies  to  avoid  lock-in.  Savings  from  this  can  be  redirected  to
innovation.  Also use procurement to boost  local  tech:  e.g.,  if  European alternatives exist  for
software, give them preference (within legal means). This aligns with the “Industrial Champions”
idea of using government demand to grow domestic providers.

International Digital Policy Engagement: BMDS is tasked with representing Germany in EU/G7
digital affairs. Already in May 2025, Minister Wildberger met his French counterpart and joined a
Digital  Ministers’  conference.  Enhancement: Formally propose a  Franco-German Digital  Pact:
identify a few flagship projects (like the European GPT, cross-border data spaces for AI training,
or joint semiconductor training programs) and commit funding and political support to them.
Also, initiate a  Digital G7 working group that Germany leads on topics like AI ethics, where
Germany can shine. Domestically, establish an advisory council of tech industry and civil society
to feed into Germany’s positions in those international talks (ensuring a balanced approach). The
BMDS should become synonymous with forward-thinking but ethical digital policy on the world
stage, much like Germany’s climate diplomats have been influential in global climate policy.

Digital Economy and Mittelstand Programs: Under “Digitale Wirtschaft”, BMDS will promote
startup culture and SME digitalization. They likely announced something like a new startup fund
or SME support program (e.g., vouchers for SMEs to get consulting on AI, etc.) – though not
explicitly in sources, it’s within their remit. Expansion: If not already present, create a Mittelstand
Digital  Accelerator program  that  pairs  tech  graduates  with  traditional  SMEs  to  implement
digital  projects  (with  government  covering part  of  the  costs).  Scale  up any existing regional
innovation hubs to national  network (with BMDS coordination)  so every region has a  digital
innovation center by 2027. 

Each of these BMDS-led initiatives is a  building block: by expanding them, they collectively move the
needle on Germany’s transformation. Importantly, BMDS has the mandate to bundle responsibilities
from many ministries – this should reduce the infamous silo problem. To maximize impact, BMDS must
work in concert with others (Economy Ministry for industry, Finance for budgets, Education for digital
skills, etc.), but it should act as  the driver,  holding others accountable to the digital agenda. Regular
public  reporting  on  BMDS  KPIs  (like  number  of  services  digitized,  km  of  fiber  laid,  etc.)  will  keep
attention on these efforts.

One risk: BMDS is new and must establish authority. By scoring quick wins (like the ones above: law
passed, NVIDIA deal done, etc.), it gains clout. It should continue to aim for some visible success each
year –  for  2025,  perhaps  the  Once-Only  law;  for  2026,  maybe  unveiling  the  AI  Cloud;  for  2027,
significant  rise  in  Germany’s  digital  government  ranking,  etc.  These  create  positive  narratives  and
political capital to further expand its initiatives. In essence, BMDS’s work is the “hands-on” execution
that complements the strategic policies of this roadmap. We should treat its initiatives as prototypes to
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be scaled and ensure they tie into the larger goals (for instance, digital ID wallet adoption will facilitate
AI-driven personalized services later, etc.).

VII. EU-Level Opportunities and Coordination

Germany’s  roadmap gains power when embedded in a  European context.  The EU’s single market,
funding mechanisms, and regulatory clout can amplify German initiatives to continental scale, while
joint  actions  provide  efficiency  and  unity  in  facing  the  U.S.  and  China.  This  chapter  outlines  how
Germany can  leverage EU-level  opportunities  and drive  coordination  for  mutual  benefit,  effectively
creating an EU-wide tech renaissance that Germany leads.

Coordinating Industrial Strategy at EU Scale

Many interventions – AI infrastructure, semiconductor fabs, hydrogen production – are expensive and
benefit from scale. Germany should ensure EU programs and partnerships share the load:

EU Joint Investment Programs: Germany can propose new  Important Projects of Common
European Interest (IPCEIs) on critical tech. Past IPCEIs covered batteries and microelectronics;
future ones could target AI/cloud infrastructure (pooled funding to build European GPU farms,
for example)  or  hydrogen value chain (coordinated hydrogen pipeline network and storage
across countries). IPCEIs allow flexibility on state aid rules, letting governments co-fund industry.
A pan-EU AI IPCEI,  co-led by Germany and France,  with say €10B funding,  could be a game
changer for building a “EuroGPT” and associated services.

Strengthening the Single Market for Tech: Germany should champion finishing the  Digital
Single Market. While much has been done (e.g., roaming charges eliminated, data roaming),
gaps  remain:  data  localization  laws,  fragmentation  in  cloud  certification,  etc.  Work  with  the
Commission to identify remaining barriers to digital services and eliminate them by 2030. Also,
push for the free flow of data across borders – the EU Data Governance Act and Data Act will
help create common data spaces. One idea is a European Cloud Federation where public sector
clouds of each country interconnect (this is part of Gaia-X vision). Germany’s federal cloud could
be nucleus for this, demonstrating sovereign clouds can link up for resilience and scale.

EU Regulatory Leadership – The “Brussels Effect” Enhanced: As EU passes the AI Act, Digital
Services Act,  etc.,  Germany can push for consistent enforcement and perhaps a common EU
body for AI oversight to avoid divergent national approaches that re-fragment the market. Also,
think ahead: what’s the next area for EU to lead? Potentially  algorithmic transparency or  XR/
Metaverse standards.  Germany could propose and draft an  EU Algorithmic Accountability
Act in  a  few  years,  for  instance,  to  build  on  AI  Act  and  address  algorithms  in  finance,
employment, etc. By initiating EU legislation aligned with German values, Germany multiplies its
influence (since that law then impacts any company dealing with EU). Coordination is key: line up
allies (France, Netherlands, Nordics) early to present a united front.

Aligning with EU Policy Windows

Germany should synchronize its national timeline with EU milestones for maximum effect:

Multiannual  Financial  Framework  (MFF)  2028-2034: As  discussed,  this  is  huge.  Germany
should  ensure  a  large  chunk  of  EU’s  €1+  trillion  budget  goes  to  research,  innovation,  and
infrastructure. For example, argue for raising Horizon Europe (research program) from ~€95B
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(2021-27) to, say, €150B in 2028-34. And within that, more funding for digital, climate, space. Also
support extension of NextGenerationEU-like instruments for tech sovereignty (the Sovereignty
Fund idea). If EU-level money can cover, e.g., half the cost of new fabs or hydrogen projects,
German national funds go further. It’s essential Germany uses its weight in Council to negotiate
this outcome by 2027.

European Green Deal and Fit for 55: The EU’s climate packages mandate big changes (e.g.,
2035 end of new combustion cars). Germany should leverage EU programs like the Innovation
Fund  (for  low-carbon  tech)  to  co-finance  its  climate-tech  exports  and  hydrogen  projects.
Coordination example: work to create a European Hydrogen Backbone pipeline network – get
EU funding for key links (Germany to North Sea, to Southern Europe). Also coordinate on  EV
battery supply chain: Germany has car industry stake, ensure EU Battery Alliance continues to
be funded so Europe can supply its own EV batteries and recycle them. This synergy means when
German automakers retool, they can source from European battery plants (some in Germany,
some in e.g. Poland or France, supported by EU).

Defense and Space Collaboration: Post-Ukraine, EU members (including Germany) are upping
defense budgets. Germany can promote an  EU Defense Tech initiative where members pool
R&D in drones, AI command systems, cybersecurity, etc. Use the European Defence Fund (EDF)
and  PESCO  framework  to  develop  these  collaboratively,  reducing  duplication.  For  space,
coordinate via ESA: e.g. support France’s idea of a European reusable rocket to compete with
SpaceX  –  Germany  can  provide  avionics  and  payload  expertise.  Ensure  that  by  next  ESA
ministerial meetings, Germany pledges strongly and shapes the agenda to include things like
space-based solar or lunar economy prep as longer-term items.

Pan-European Talent Pool: Encourage the EU to take more role in talent attraction: perhaps
create an EU Tech Visa in addition to national ones, that lets a highly skilled worker move to any
of the 27 where jobs are. Germany could pilot this by recognizing such a visa, making it easy for
someone to come to Berlin or Paris on the same permit. Also support the Erasmus+ expansion
to tech apprenticeships and not just university students. The idea is to let talent flow where it’s
needed across  EU easily  –  alleviating  regional  mismatches  and building a  sense  of  a  single
European tech labor market.

Leveraging EU Market Power Globally

When engaging with the U.S. and China, a coordinated EU stance gives leverage that Germany alone
lacks:

Setting Global  Standards: For instance,  if  Europe develops  a common standard for green
hydrogen certification (to certify H2 is truly renewable) and enforces it on imports, that could
become a world standard. Germany can work through EU to enact such standards, benefitting
its  companies  (which meet  them)  and encouraging global  partners  to  follow (to  sell  to  EU).
Similarly, in AI ethics, an OECD or G20 agreement will carry more weight if EU is united.

Trade Policy Tools: Use EU trade agreements to advance tech goals – e.g., include digital trade
chapters that promote data privacy or AI ethics. Ensure that any dependence on non-EU vendors
(like cloud providers) is balanced with strong legal safeguards (like Cloud Act agreements, etc.).
Germany can shape EU’s stance on issues like export controls too – for example, limiting export
of certain dual-use AI or chip tech to authoritarian regimes, which aligns values with security
(similar to how the U.S. restricts China’s chip access, EU might coordinate on this).
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Research Networks: The EU framework allows easy networking of  researchers (CERN being
classic, also newer AI networks). Germany should lead in creating an EU AI Research Network
of  excellence  centers  (somewhat  done via  CLAIRE initiative).  If  all  top  labs  share  computing
power and results, Europe can collectively compete better with a single OpenAI or DeepMind, for
example.  This  “distributed  European  lab”  concept  relies  on  EU  support  and  funding,  which
Germany can champion.

In sum, Germany’s roadmap should be seen as the core of a broader European project. By uplifting
the continent alongside itself, Germany ensures no neighbor becomes a weak link and that Europe as a
whole remains a pole in the tri-polar (US-China-EU) tech world. Coordination prevents duplication (each
country  trying  and  none  reaching  critical  mass)  and  presents  a  united  front  that  can  negotiate
partnerships or stand up to unfair practices (like market access issues) effectively.

One specific  opportunity:  the  EU’s  2030 Digital  Compass sets  targets  (semiconductors  20% global
share, 75% of companies using cloud/AI, etc.). These align well with our goals. Germany should align its
national targets to meet or exceed the Digital Compass ones, and help other EU members do so too
(perhaps via technical assistance or sharing best practices through BMDS’s international outreach). If by
2030 most EU countries hit those targets, Europe will collectively be far stronger.

Finally,  coordination also means  sharing successes.  If  one country (Germany, hopefully) develops a
great approach (say a vocational AI training curriculum), it should be shared EU-wide. Germany can host
conferences or use EU presidency stints (Germany will  hold EU Council  presidency next in 2027) to
disseminate its model projects. During its 2027 presidency, Germany could, for example, host a summit
on “Future of Work in the Digital Age” focusing on how to reskill workers – setting an EU agenda on
talent that stems from German experience.

By  fully  embracing  the  EU dimension,  Germany  not  only  amplifies  its  efforts  but  also  cements  its
leadership  position  in  Europe.  Other  countries  will  look  to  Germany  for  direction,  resources,  and
partnership, which aligns well with Germany’s post-WWII role as an integrator in Europe. In the context
of Kardashev ambitions, an integrated Europe is like a smaller-scale Type I civilization (continent-wide
coordination of resources) – an essential stepping stone to global civilization advancement.

VIII. Long-Term Vision: Toward a Kardashev-Scale Civilization

Looking beyond immediate agendas, Germany’s strategic endgame is to guide humanity’s trajectory
toward a Kardashev Type I civilization – one that can harness the full energy and material resources of
its home planet in a sustainable and controlled manner, and lay the groundwork for Type II (stellar)
capabilities. This is a multi-decadal quest that transcends typical policy horizons. However, by setting
explicit  long-term goals  now,  Germany can steer  near-term actions  in  the  right  direction.  Here  we
outline the key long-term goals from the prompt – AI and robotics sovereignty, climate-tech exports
dominance, fusion and hydrogen leadership, smart infrastructure, and democratic tech governance –
and describe how they shape the future Germany seeks.

AI and Robotics Sovereignty (2040s Goalpost)

In the long run, artificial intelligence and advanced robotics will permeate every aspect of society –
from fully autonomous factories and transport to AI systems managing energy grids and healthcare.
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Sovereignty in these domains means Europe is not beholden to foreign powers or companies for critical
AI/robotics capabilities. By 2040 or so, Germany should aim for: 

Independent AI Ecosystem: European-developed foundational AI models that are among the
best in the world, running on European infrastructure. This ensures control over how AI evolves
and is used. People often talk about AI as the new electricity – by Type I civ, it might be running
much of our infrastructure. Sovereignty means we trust that AI, it aligns with our values, and
cannot be turned off or weaponized by others against us. All the steps we take now (AI cloud,
talent, regulation) are moving toward this state. In practice, a sovereign AI ecosystem in 2040
might manifest as an open European AI platform that businesses and governments use, rich
with European languages and norms.

Robotics at Human-Level Dexterity: By late 2030s, humanoid or general-purpose robots could
become viable for widespread use (Tesla and others predict as much). Germany’s manufacturing
and engineering prowess gives it an edge to design and build these. In the long-term vision,
German (or European) robots should be as common globally as German luxury cars were in the
20th  century.  They  could  serve  as  caregivers,  construction  workers,  etc.,  addressing  labor
shortages  and  improving  productivity.  Importantly,  if  Europe  leads  on  robotics  ethics  and
safety (like ensuring robots are safe collaborators, not abused for surveillance or oppression), it
can define how robots integrate into human society. Sovereignty here also means not relying
solely on say,  Japanese or American robots for our industry or military –  which has security
implications.

Human-AI Collaboration Society: The ultimate measure is  that  German society  by 2040s is
thriving  with  AI  and  robots  augmenting  human  abilities,  not  subjugating  or  replacing
indiscriminately.  A  democratic  approach  would  involve  strong  retraining  systems,  possibly
shorter work weeks with robots doing menial tasks, and citizens having a voice in how AI is
deployed. By achieving AI/robotics sovereignty, Germany ensures these technologies serve its
people’s interests, aligning with European values of dignity and rights.

Climate-Tech Exports and Green Leadership (Global Green Arsenal)

By mid-century, the world must reach net-zero emissions to avert climate catastrophe – but also will
have massively increased energy needs if growth continues. Germany and Europe’s role should be to be
the  arsenal of green technology for the world, similar to how the US was arsenal of democracy in
WWII. Long-term goals:

Export  Powerhouse  in  Renewables: Europe  (especially  Germany,  Denmark,  Spain)  already
exports  wind  turbines,  efficient  machinery,  etc.  In  coming  decades,  perhaps  50%  of  global
energy  infrastructure  installed  each  year  could  carry  European  technology.  For  instance,
offshore  wind  farms  off the  coasts  of  Africa  or  Asia  might  use  German-made turbines  and
control  software.  Solar  parks  in  the  Middle  East  using  European  inverters  and  design.  By
capturing large share of  this  market,  Germany ensures both economic gain and that  global
energy systems are built to high standards (efficient, safe).

Decarbonization Solutions for Industry: Germany’s heavy industries (chemicals, cement, steel)
are investing in cutting emissions (e.g. green steel via hydrogen). Once perfected at home, these
solutions – whether it’s a hydrogen-based steel plant design, or carbon capture tech – can be
sold worldwide. By 2040, German firms could be building turnkey carbon-neutral factories in
developing  countries.  This  not  only  fights  climate  change  but  extends  Germany’s  industrial
relevance. A metric: Germany might aim that by 2040, 5 of the top 10 global companies in clean
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tech (by revenue) are European (could include German ones like Siemens Energy, etc.). Currently,
many renewable manufacturing giants are Chinese – we’d want to shift some of that to European
hands.

Global  Climate  Services  and  Finance: Apart  from  physical  goods,  Germany  can  export
expertise:  smart  grid  management  as  a  service,  climate  insurance  products,  etc.  Maybe the
German  government  (KfW,  etc.)  could  be  a  major  climate  project  financier  globally,  tying
together technology exports with development aid (win-win: countries get green infrastructure,
Germany’s ecosystem gets business). This cements leadership and goodwill.

By being the leader in climate-tech, Germany also helps humanity achieve the energy abundance of a
Type I civilization  sustainably. Instead of Type I meaning planet ravaged by fossil fuel overuse, it can
mean planet 100% powered by renewables and fusion, with Germany’s fingerprints on much of that
infrastructure.

Fusion and Hydrogen: Toward Unlimited Energy

Already touched in prior sections, but worth re-emphasizing:

Fusion Leadership: If fusion becomes viable late in the 21st century, it is basically the key to
Type I: replicating the sun’s power on earth. Europe with ITER has a front seat. Germany’s vision
should  be  to  ensure  that  if/when fusion  plants  roll  out  commercially  (say  2050s),  European
designs and companies are among the leaders. Perhaps a “EUROfusion” industry could emerge
akin to Airbus for aerospace – a consortium where Germany is a major shareholder. The long-
term goal would be energy independence and export of fusion reactors to the world. That is
admittedly far, but progress can be accelerated (the BMDS study suggested trying to speed up
ITER timeline). 

Hydrogen Economy: Hydrogen is often called the “missing link” for decarbonization and energy
storage. Germany’s 2050 vision should be to have a full hydrogen economy in place: renewables
producing green H₂ at massive scale, pipelines distributing it like natural gas today, and usage in
transport (fuel cell  ships, planes perhaps), industry (steel,  chemicals),  and power buffering. If
hydrogen can also be exported (like ammonia form), Germany might not have climate-fuel to
export (due to limited sun/land) but German companies could own production facilities abroad
or supply equipment. For instance, German-made electrolyzers might be generating hydrogen in
Saudi  Arabia,  which is  then shipped to  Germany or  elsewhere.  Leadership means when the
world transitions to H₂, it does so using predominantly German/EU tech and standards (ensuring
safety, preventing leaks, etc.). By 2040, a success indicator would be that green hydrogen is a
globally traded commodity with a robust market, and German firms occupy lots of points in the
value chain (from production tech to distribution to end-use appliances).

Achieving  those  means  unlimited  (or  effectively  so)  clean  energy,  fulfilling  the  Kardashev  Type  I
requirement without destroying our planet in the process.
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Smart Infrastructure and Cities

By the time we harness all  this energy, we also need to use it  smartly.  Smart infrastructure entails
everything from intelligent transport networks to automated buildings, all integrated and optimized.

Nationwide Smart Grid & Transport: Germany should foresee a fully smart electrical grid (real-
time balancing, microgrids, IoT sensors everywhere) well before 2050 – likely by 2035 as earlier
plan.  Similarly,  transport:  autonomous EVs,  AI-optimized public  transit  routing,  perhaps even
beginnings of things like vacuum tube trains (if that tech matures, e.g., Hyperloop concepts).
Smart cities will reduce waste (energy, water) and improve life.

Digital Twins and Planning: It’s plausible that by 2040, every German city or factory might have
a “digital twin” – a virtual model updated in real-time that AI can use to simulate improvements
or  detect  faults.  Germany’s  engineering  companies  can  lead  this  (they  already  do  in  some
Industry 4.0 settings). Government can use digital twins for urban planning (e.g., simulate new
infrastructure  impact  on  traffic,  emissions).  The  outcome  is  far  more  efficient,  livable
environments – a hallmark of an advanced civilization is minimal inefficiency.

Resilience  and  Adaptation: Smart  infrastructure  also  means  resilient  infrastructure.  By
employing AI and sensors, future Germany can handle challenges like extreme weather (from
climate change) or even asteroids (with space monitoring) much better. A Type I civilization has
overcome most planetary hazards by technological foresight; smart systems contribute to that.
Germany could aim by 2050 to have virtually  zero fatalities  from things like floods or  other
disasters due to predictive evacuation systems, smart dikes, etc. (lofty, but why not?).

Democratic Tech Governance as a Global Model

Finally,  the  societal  element:  demonstrating  that  all  these  advances  can  occur  in  harmony  with
democratic values and human rights. In a world where some fear that only authoritarian regimes can “get
things done” technologically, Germany must prove the opposite – that democracies can not only keep
up but lead, without surveillance states or oppression.

Participatory  Policymaking:  By  2040s,  Germany  could  have  institutionalized  citizen
participation  in  tech  decisions  (e.g.,  citizens’  councils  on  AI  that  feed  into  Bundestag
deliberations).  People  should  feel  empowered  and  educated  about  tech’s  role,  preventing
backlash or misuse. This could be a model exported – just like others come to study German dual
education  or  social  market  economy,  they  might  come  to  study  how  we  involve  society  in
guiding  AI/automation  era  (perhaps  the  BMDS  and  civil  society  groups  co-create  such
processes).

Digital Rights and Constitution: Perhaps one day there will be a  Digital Bill of Rights at UN
level  (some  advocate  for  rights  like  data  ownership,  AI  decision  explanation  rights,  etc.).
Germany/EU can drive that discussion. Already we champion privacy as a human right; we can
broaden it to things like “freedom from algorithmic discrimination” etc. Ideally by mid-century,
global norms or treaties exist for AI (like we have climate Paris Agreement) – and they likely will
have EU DNA thanks to early moves like GDPR and the AI Act. So the vision is a world where tech
is bounded by rule of law internationally, not an uncontrolled Wild West or dominated by one
ideology.

Avoiding Dystopia:  A  Type I  civilization could be dystopian (e.g.,  tech-elite  controlled,  mass
surveillance) or it can be utopian (prosperous, equitable, free). Germany’s long-term stake is to
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push  for  the  latter.  That  means  domestically,  ensuring  as  automation  increases,  inequality
doesn’t;  maybe  exploring  things  like  universal  basic  income if  many  jobs  automated,  or
collective data ownership models so people get revenue from AI using their data. Essentially
updating the social contract for the digital age. If Germany figures this out internally, it again can
serve  as  an  export  model  for  governance.  (Example:  how  social  welfare  state  adapts  when
traditional  employment  patterns  change  –  if  Germany  leads,  others  will  follow  rather  than
adopting, say, a Chinese social credit system approach).

In  conclusion,  the  long-term  vision  ties  together  technological  prowess  with  ethical  governance.
Germany in 2100 could be seen as the catalyst that helped humanity reach a planetary civilization stage:
abundant clean energy, AI and robots handling toil, humans flourishing in creativity and well-being, and
freedom and democracy strengthened, not weakened, by technology. The path to Kardashev I is not
just about more energy or gadgets – it’s about civilizational maturity. Germany, with its historical lessons
and strengths, is well-suited to guide this maturation.

By articulating these goals now, we ensure that each step we take (in policy, investment, diplomacy) can
be measured against them: Does it move us toward the enlightened, sustainable, advanced civilization we
envision? If  yes,  it’s  the right move. If  not,  we correct course.  This clear compass will  help navigate
inevitable disruptions and surprises that the future holds.

Conclusion

Germany’s journey toward becoming a primary driver of humanity’s advancement is underpinned by a
bold but realistic roadmap. By leveraging its strengths in manufacturing, clean energy, regulation, and
research – and by addressing its weaknesses through targeted investments in AI, digital infrastructure,
chips, and talent – Germany can significantly elevate Europe’s and indeed the world’s trajectory. This
report has laid out a comprehensive strategy: mapping the global context, prioritizing interventions,
aligning them to political timelines, quantifying the needed investments, building on new institutional
initiatives, coordinating with European allies, and always keeping an eye on the grand prize – a future
where humanity achieves a Kardashev Type I civilization that is prosperous, free, and sustainable.

Realizing this vision will demand sustained commitment across governments and generations. It will
require  public  support  and understanding,  for  which transparent  progress  tracking and inclusive
dialogue are essential. It will also require managing risks (from tech failures to geopolitical tensions)
with  agility  and  foresight.  Yet  the  cost  of  inaction  or  timidity  is  far  greater:  stagnation,  strategic
subservience, and the forfeiting of our responsibility to future generations.

Germany  stands  at  the  cusp  of  a  new  epoch  –  as  it  once  used  coal  and  steam  to  pioneer
industrialization,  it  can  now  use  AI  and  fusion  (and  everything  between)  to  pioneer  planetary
modernization. By following this roadmap, Germany and its European partners can ensure that the
coming  quantum  leaps  in  technology  and  capacity  are  harnessed  for  the  common  good  under
democratic stewardship. In doing so, they light the way for humanity’s next stage of development. 

The  time  to  act  is  now  –  harnessing  the  momentum  of  2025’s  new  digital  ministry  and  Europe’s
awakening to tech sovereignty. With courage, investment, and unity of purpose, Germany can fulfill the
role envisioned: the Werkmeister of a better future, helping build the foundation of a civilization truly
worthy of the stars.
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Sources:

BMDS Study Data (2025) – Strategic analysis of USA, China, Europe and German
recommendations. 
European Commission & Parliament Reports – AI investment statistics, EU Chips Act, digital
targets. 
Bundesministerium für Digitales und Staatsmodernisierung press releases (2025) – Initiatives on
once-only data (NOOTS), network expansion law, NVIDIA AI cloud partnership, BMDS mission
statement. 
Umweltbundesamt data – Germany renewable electricity share 54.4% in 2024 and 80% by 2030
target. 
Bloomberg/Reuters – China’s $1.4T tech infrastructure plan, Intel/TSMC fab investments in
Germany. 
Bitkom report – 149,000 IT jobs unfilled in Germany (2023).
(Additional citations embedded in text.)

AI investment: EU and global indicators | Epthinktank | European Parliament
https://epthinktank.eu/2024/04/04/ai-investment-eu-and-global-indicators/
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