Technology Investment Foresight: A
Catalog of Market-Relevant Innovations
(2025-2050) with Strategic Investment
Pathways

|. Executive Summary

This report provides a strategic blueprint for navigating the complex and rapidly evolving
landscape of technological innovation and investment from 2025 to 2050. The core purpose is
to identify and prioritize a catalog of high-potential technologies, outlining their projected
growth, transformative capabilities, and optimal investment pathways.' The analysis moves
beyond traditional reactive approaches, embracing a forward-thinking posture rooted in
anticipatory governance and multi-stakeholder decision theory to convert challenges into
opportunities and foster long-term economic prosperity, societal well-being, and national
security.’

The report leverages a robust methodological framework, synthesizing strategic foresight,
advanced economic modeling, and systems theory, including game theory, entropy-aware
optimization, viability theory, and multi-criteria decision analysis." This integrated approach
provides a holistic understanding of investment opportunities and risks, ensuring capital
allocation maximizes long-term value and resilience in dynamic environments.’

The analysis identifies several top investable technology clusters poised for significant impact
across various sectors. These include advanced artificial intelligence (Al) and computing
paradigms, sustainable energy solutions, and transformative biotechnologies.' Specific
technologies range from Agentic Al and Quantum Computing to Small Modular Reactors and
CRISPR-based therapies, all demonstrating substantial growth potential and societal
benefits.! The recommended investment pathways emphasize a holistic approach, advocating
for strategic partnerships, robust R&D funding, and the development of enabling
infrastructure. The directive underscores the necessity of de-risking nascent technologies
through targeted early-stage investment and fostering collaborative ecosystems that bridge
academia, industry, and government.”

ll. Introduction: Navigating the Future of Technology



Investment

The global landscape is undergoing an unprecedented period of transformation, marked by
rapid technological advancements and evolving societal demands." This era, characterized by
profound uncertainty and the dual forces of digital and green transformations, necessitates a
paradigm shift in how investment strategies are conceived and executed." Short-term
planning and reactive decision-making are no longer adequate; a proactive, long-term vision
is essential to harness emerging opportunities and build resilience against unforeseen
challenges.’

The current technological epoch is defined by accelerated innovation across several critical
domains. Artificial intelligence (Al), green technologies, semiconductors, and cloud computing
are not merely advancing in isolation but are collectively reshaping entire industries, from
healthcare and finance to transportation and manufacturing.' For instance, the global
demographic shift towards increased life expectancy is a powerful catalyst driving substantial
investment into longevity and healthcare innovations, particularly at the nexus of
biotechnology, genomics, and Al" Simultaneously, the urgent global imperative to address
climate change is fueling a surge in investments aimed at achieving net-zero carbon targets,
translating into significant capital flows towards renewable power generation, advanced
energy storage systems, and sustainable transport solutions.” The economic impact of these
shifts is profound, with Al-driven automation alone projected to contribute as much as 14% to
global GDP by 2030."

A critical observation emerging from this analysis is the profound interconnectedness of
global challenges and the technological solutions being developed to address them.! Major
societal pressures, such as climate change, aging populations, and escalating energy
demands, are not isolated phenomena; instead, they form a complex web of interdependent
issues.! Consequently, the technological solutions designed to mitigate these challenges are
similarly intertwined. For example, advancements in Al are not confined to a single sector but
serve as a foundational enabler across diverse domains, including healthcare, energy
management, smart city development, financial services, and manufacturing operations.' This
cross-cutting nature implies that investment strategies must transcend traditional siloed
approaches, adopting a systemic perspective where breakthroughs in one area, such as
advanced battery technologies, can yield cascading benefits across seemingly disparate
sectors like electric vehicles, grid stability, and portable electronics.! This necessitates
integrated investment strategies that actively seek out and capitalize on these synergistic
opportunities.”

The primary purpose of this directive is to serve as a comprehensive blueprint for identifying,
evaluating, and prioritizing investable technologies within the 2025-2050 timeframe.' The goal
is to curate a catalog of 30 to 50 high-potential technologies, each accompanied by detailed
investment pathways." This structured approach is designed to guide capital deployment
towards innovations that promise not only significant financial returns but also substantial



strategic value in addressing global challenges.” The scope of this directive extends beyond
conventional financial metrics, explicitly integrating broader societal and environmental
impacts, aligning with the principles of anticipatory governance, which aims to leverage
foresight to transform potential challenges into tangible opportunities for sustainable growth
and development.’

lll. Analytical Foundation: Applying the Technology
Investment Foresight Framework

The development of this directive is underpinned by a robust methodological framework that
synthesizes strategic foresight, advanced economic modeling, and systems theory." Strategic
foresight is employed to explore a spectrum of plausible futures, enabling the anticipation of
emerging trends and potential disruptions. This involves cultivating advanced cognitive and
technical capabilities, such as horizon scanning and scenario planning, to identify long-term
trajectories and potential inflection points.! Economic models are instrumental in assessing
the financial viability and potential returns of identified technologies, providing quantitative
frameworks for evaluating market potential, cost-benefit analyses, and projected return on
investment." Furthermore, systems theory and control theory offer critical analytical lenses for
understanding complex, dynamic interactions within technological ecosystems. These
theoretical frameworks are vital for ensuring the long-term sustainability and resilience of
invested systems, particularly in the face of inherent uncertainties and interdependencies.! By
integrating these diverse analytical tools, the directive aims to provide a holistic and robust
foundation for strategic technology investment.” This framework is built upon five
interconnected principles: anticipatory governance, multi-stakeholder decision theory, game
theory, viability theory, and complexity management.’ These principles collectively provide a
comprehensive approach for identifying, evaluating, and deploying capital in a manner that
maximizes long-term value, ensures sustainability, and navigates complex, dynamic
environments.”

Game Theory and Multi-Agent Strategic Dynamics

Game theory provides a rigorous framework for analyzing strategic interactions among
rational entities where decision-making is mutually dependent.! Key elements include
identifying players, strategies, payoffs, and information structures.’

Nash Equilibrium (NE): Predicting Competitive and Cooperative Outcomes

Nash Equilibrium represents a stable state where no player can unilaterally improve their
payoff by altering their strategy, assuming all other players maintain their current choices.”
This "no regrets" outcome is widely applied in analyzing competitive and cooperative



dynamics in multi-agent systems, including technology investment.' In industrial organization,
NE is critical for predicting outcomes in competitive environments, understanding pricing, and
analyzing collusive behaviors." For instance, in technology markets, NE helps firms establish
stable states that maximize user adoption and interoperability, particularly in the presence of
network effects and standardized platforms." NE analysis also extends to cybersecurity
investments, modeling strategic interactions between sellers and buyers to maximize profits
and security levels.’

However, the pursuit of Nash Equilibrium can present a paradox for innovation. While it offers
a stable, predictable outcome, prioritizing short-term profitability within an NE can lead to
price rigidity or innovation stagnation if it comes at the expense of long-term gains.' The "no
regrets" outcome for individual players might collectively result in a suboptimal equilibrium for
societal welfare or long-term industry growth." This means that NE analysis should not be
used merely to predict market outcomes but to actively identify suboptimal equilibria that
hinder innovation." This approach enables targeted investments in disruptive technologies or
business models designed to break existing Nash equilibria, thereby creating new, more
dynamic market states.! Such a strategy may involve backing ventures that challenge the
status quo, even if it entails initially accepting higher risk for potentially greater long-term
returns.’ This also suggests a role in influencing regulatory policy to prevent market rigidities
that stifle innovation.”

Mean Field Games (MFG): Modeling Large-Scale Technology Adoption and Market
Evolution

Mean Field Games theory provides a powerful framework for studying the strategies of agents
within very large populations, where the behavior of an individual agent has a negligible
impact on the overall system.” Instead, each agent's decision is based on the distribution of
the states of other agents, rather than reacting to individual behaviors.! This approach
significantly simplifies the complexity of multi-agent reinforcement learning (MARL) scenarios
involving a large number of agents." MFG is rapidly gaining adoption in diverse fields, including
financial markets (systemic risk, price impact, high-frequency trading, bank runs) and crowd
dynamics (pedestrian flows, congestion effects).! The theory can model asset price dynamics
by considering herd behavior and trend following, offering insights into how the importance of
predicting prices close to the average price affects the overall price path.! MFG models are
typically composed of a Hamilton-Jacobi-Bellman (HJB) equation, which describes the
optimal control problem of an individual agent, and a Fokker-Planck (FPK) equation, which
describes the dynamics of the aggregate distribution of agents.’

The core strength of MFG lies in its ability to model large populations where individual actions
are influenced by the aggregate behavior.! This extends beyond simple competitive game
theory by enabling the anticipation and potential influence of mass technology adoption
curves.! By understanding the "distribution of states" and how individual agents react to it,
investments can be strategically timed or market narratives influenced to accelerate or
decelerate the adoption of specific technologies.! The "anticipation phenomenon” inherent in
MFG means understanding how collective expectations are built and how they feed back into



individual decisions." This allows for the use of sophisticated MFG modeling capabilities to
forecast mass market adoption of emerging technologies (e.g., advanced Al, quantum
computing, new energy solutions)." Such an approach involves analyzing not just product
features but also social dynamics, information spread, and how collective sentiment
influences individual investment or adoption decisions." By identifying the "tipping points" in
these mean-field dynamics, more precise, high-impact investments can be made, potentially
creating self-reinforcing adoption cycles for portfolio companies.’ The ability of MFG to
simplify complex MARL scenarios also suggests applications in optimizing the deployment of
large-scale autonomous systems."
The strategic applications of game theory in technology investment are summarized in the

following table:

Feature/Scenario

Nash Equilibrium

Mean Field Games

Type of Interaction

Competitive, Non-Cooperative,
Limited Cooperation

Large-Scale Population,
Collective Behavior,
Anticipatory Dynamics

Market Structure

Oligopoly, Duopoly, Platform
Competition, Specific
Industries (Telecom, Airlines)

Mass Markets, Network
Effects-driven Platforms,
Decentralized Systems,
Financial Markets

Key Decision Variables

Pricing, Output Quantity,
Market Entry/Exit,
Cybersecurity Investment,
Service Levels

Technology Adoption Timing,
Investment Strategies
influenced by Herd Behavior,
Resource Allocation in Large
Systems, Public Sentiment
Influence

Primary Outcome Predicted

Stable Market Outcomes, Price
Rigidity, Collusive Behaviors,
Optimal Cybersecurity
Spending, Firm-level
Investment Strategies

Mass Adoption Curves, Trends
driven by Collective Action,
Systemic Risk in Finance,
Congestion Effects, Optimal
Control for Large Agent
Populations

Challenges/Limitations

Can lead to innovation
stagnation, Suboptimal
equilibria for long-term
welfare, Assumes perfect
rationality and fixed strategies
of others

Still largely theoretical,
Computational complexity for
certain models, Requires
accurate modeling of
population distribution and
individual cost functions

Strategic Value

|dentifying competitive
advantages, Anticipating
competitor reactions,

Designing market

Forecasting mass market
adoption, Influencing collective
behavior, Optimizing

large-scale decentralized




interventions, Identifying deployments, Managing
suboptimal equilibria to disruptjsystemic risks in broad tech
ecosystems

Entropy-Aware Optimization and Information Thermodynamics

Entropy, a fundamental concept in information theory and thermodynamics, serves as a
measurable property associated with disorder, randomness, or uncertainty within a system.’
Minimizing entropy production is crucial for enhancing overall efficiency and reducing
irreversibility across various systems, extending beyond traditional thermodynamic systems to
information-rich environments.”

Enhancing Efficiency through Information Entropy Minimization

In cloud computing environments, an entropy-based method has been successfully applied to
optimize Virtual Machine Placement (VMP) by considering VM types and minimizing entropy,
leading to significant improvements in utilization, resource wastage, and energy consumption.
This approach effectively addresses the NP-hard nature of VMP problems, demonstrating
substantial performance gains over state-of-the-art methods." Information theory provides
the mathematical tools to quantify uncertainty, optimize decision-making, and manage the
inherent trade-off between model flexibility and generalization in machine learning.’
Entropy-based methods are particularly effective in improving exploration strategies in
reinforcement learning, helping agents avoid local optima and discover more effective
policies.’

Complexity and entropy often coexist in dynamic systems. While complexity emerges from
change, without constant energy input or adaptive mechanisms, entropy will eventually
dominate, leading to increased disorder.! A well-trained Al model, for example, actively
reduces informational entropy by making sense of chaotic data, transforming raw information
into structured knowledge and predictions." This concept is further demonstrated in cloud
service resource management, where entropy-based complexity management identifies,
measures, analyzes, and controls complexity.! By avoiding resource allocation to highly
"locally active" (unpredictable) resources or by grouping tasks on resources with similar
activity levels, this approach significantly improves performance, reduces overall cost by up to
23%, and minimizes response time variability by 30-45%."

The relationship between entropy and system performance reveals a profound principle:
entropy minimization acts as a guiding force for system resilience and economic value.' A
system that actively manages and reduces its internal entropy—whether in resource
allocation, data processing, or Al model behavior—will inherently be more robust, reliable, and
economically viable." This is a fundamental principle for engineering systems that are not just
efficient but resilient to internal "chaos"." This implies prioritizing investments in technologies
and platforms that explicitly incorporate entropy-aware design principles.’ This includes
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seeking solutions that optimize resource allocation based on real-time "disorder" metrics
(e.g., dynamic load balancing, smart energy grids), enhance data compression and
information flow to reduce "entropy overhead" in large-scale Al models, and offer inherent
robustness to noise and uncertainty by design.' This approach transforms a thermodynamic
concept into a strategic investment criterion, favoring technologies that promise superior
long-term operational stability and cost efficiency.’

Thermodynamic Efficiency in Technology Deployment and Al Systems

The application of thermodynamic principles extends to the very core of information
processing and technology deployment.’ The Maxwell's Demon Tokenizer (MDT) is a
theoretical framework that re-conceptualizes symbolic preprocessing in large language
models (LLMs) through the lens of information thermodynamics.' It posits that conventional
fixed-vocabulary tokenization introduces "systematic entropy overhead," which directly
contributes to phenomena like semantic drift and hallucination in transformer-based
architectures.! MDT aims to optimize token boundaries by minimizing entropy increase,
suggesting a new class of thermodynamically-aware symbolic processing systems that could
inform future developments in robust and aligned Al architectures.’

Beyond algorithmic improvements, the very physics of computation is becoming a target for
optimization.! Physics-based hardware, such as thermodynamic computing, holds the
potential to provide fast, low-power means to accelerate Al primitives, particularly for
generative and probabilistic AL This emerging field suggests that thermodynamic computers
could, beyond a certain scale or problem size, outperform traditional digital computers in
terms of speed or energy efficiency.' These systems leverage the stochastic dynamics of
physical systems and may offer inherent robustness to noise, as noise is a desirable feature in
their operation.”

Similar efforts to improve thermal efficiency are evident in other technology sectors. Research
is ongoing to dramatically improve the thermal efficiency of internal combustion engines by
minimizing energy loss and better regulating the combustion process, integrating
cutting-edge science and technology.' Similarly, NASA's research focuses on developing new
lightweight, high-efficiency motors and generators, advanced power converters, and
innovative materials to significantly reduce fuel and energy use in electrified aircraft systems.”
The discussion of Maxwell's Demon Tokenizer and thermodynamic computing points to a
profound shift: future breakthroughs in Al and computing efficiency may arise from
fundamental re-architecting based on thermodynamic principles, rather than solely from
software improvements or Moore's Law scaling.” This represents an endeavor to reach the
theoretical limits of energy-efficient information processing.' This implies actively scouting
and investing in companies exploring “"thermodynamic computing" and "entropy-aware Al
architectures".! These are not incremental improvements but potentially foundational shifts
that could redefine the competitive landscape for Al hardware and software.! Such
investments represent a long-term play on the ultimate efficiency limits of information
processing, offering a competitive edge as energy costs and sustainability concerns become
paramount.’ This also necessitates understanding the physics-level implications of Al



investments, not just the algorithmic ones.
The entropy-driven optimization opportunities across the technology lifecycle are detailed in

the following table:

Algorithms, Al Model
Design

Technology Lifecycle [Entropy/Thermodynam |Application Area Key Benefit

Stage ic Principle

Research & Information Entropy  [LLM Tokenization, Reduced semantic
Development Minimization Machine Learning drift/hallucination,

Improved exploration
strategies, Better
model
flexibility/generalizatio
n, Enhanced privacy
and reliability in LLMs

System Design &
Architecture

Entropy-Based
Complexity
Management

Cloud Virtual Machine
Placement (VMP),
Network Design

Improved resource
utilization, Reduced
energy consumption,
Minimized resource
wastage, Enhanced
system stability and
predictability '

Resource Allocation &

Entropy-Based

Cloud Service

Reduced overall cost,

Analysis

Systems, Renewable
Energy Systems, HVAC
Systems

Management Complexity Resource Improved average
Management Management, service response time,
Distributed Systems  [Minimized response
time variability,
Increased throughput
Deployment & Thermodynamic Al Hardware, Faster/lower-power Al
Operations Computing, Exergy Electrified Aircraft acceleration,

Enhanced energy
efficiency, Reduced
fuel/energy use,
Optimized thermal
management,
Improved system
performance and
reliability '

Viability Theory for Sustainable Technology Portfolios




For technology investments spanning a multi-decade horizon, simply maximizing short-term
financial returns is an insufficient objective. Long-term sustainability, encompassing
economic, environmental, and social dimensions, becomes paramount.’ Viability theory
provides a rigorous mathematical framework specifically designed for studying dynamical
systems that must remain within predefined constraints over an indefinite period.' It offers a
powerful tool for addressing fundamental questions about system sustainability and for
formulating policies that ensure their long-term resilience.’

Defining Sustainable Opportunity Spaces with Viability Kernels

The central analytical tool within viability theory is the "viability kernel".! This concept
delineates the precise set of all possible initial states from which a system can continuously
operate without violating any of its specified constraints. If a system's current state lies within
its viability kernel, it implies that there exists at least one control strategy or pathway that can
indefinitely maintain the system within its desirable operating boundaries.! The application of
viability theory extends across diverse domains, including macroeconomics, bio-economics,
and technology adoption decisions." A key distinction of viability theory from optimal control
theory is its focus on "possibility" rather than strict "certainty," and on achieving "satisficing"
outcomes (i.e., "good enough" solutions that meet all constraints) rather than necessarily
finding a single "optimal" solution.

Traditional investment often seeks to optimize returns, typically within a probabilistic risk
framework. Viability theory, however, shifts the focus from "optimal” to "sustainable
possibility".! This represents a profound conceptual difference: in highly uncertain,
constrained systems (such as long-term technology ecosystems), the primary goal might not
be to maximize a single metric, but to ensure the system survives and remains within
acceptable bounds indefinitely.! The viability kernel effectively defines these "safe operating
spaces".! This implies a different kind of risk assessment: not just the probability of failure, but
the existence of a path to long-term survival.! Applying viability theory helps define the
"sustainable opportunity space" for technology investments." For instance, instead of solely
optimizing for maximum ROI, viability kernels can be used to identify technology pathways
that ensure a minimum level of environmental sustainability, resource efficiency, or societal
impact, even if they are not the "most profitable" in a single projected future." This framework
can guide investments in critical infrastructure, green technologies, or long-lifecycle assets,
where long-term resilience often outweighs short-term peak performance.’

Strategic Technology Selection and Portfolio Resilience

Effective technology selection and portfolio management require a multi-faceted approach
that extends beyond traditional financial metrics.' The Desirability, Viability, Feasibility (DVF)
framework, widely used in product prioritization, helps evaluate whether a product is
user-desired, technically feasible, and financially sustainable.” In this context, "viability"
specifically refers to financial sustainability and the ability to deliver a positive return on
investment.”

Complementing this, sustainable engineering involves designing systems to use energy and
resources at a rate that does not exceed the environment's capacity to regenerate them, with



the objective of meeting current needs without compromising the ability of future generations
to meet their own.! To quantitatively assess this, exergy analysis provides a more realistic and
expressive evaluation of energy systems compared to traditional energy analysis." Exergy
analysis quantifies sources of inefficiency and identifies improvement potential by detecting
irreversibility within a system.! It plays a pivotal role in ensuring quality energy usage and
selecting optimal parameters for ecologically benign and economically viable thermal
systems.! Furthermore, viability theory can be directly applied to portfolio selection, enabling
the identification of "non-dominated project portfolios" even under conditions of incomplete
probability and utility information." This capability helps uncover "viable alternatives that may
not be revealed otherwise" through conventional optimization methods."

The DVF framework introduces "viability" primarily as financial sustainability. However, the
broader context of viability theory and sustainable engineering expands this concept to
encompass ecological and resource constraints.! Exergy analysis provides a thermodynamic
lens for this expanded view, quantifying true efficiency and waste." This suggests that
investment due diligence should extend beyond traditional financial viability to include
"sustainability viability"—assessing whether a technology's long-term existence is compatible
with resource limits and environmental impact.’ This means integrating a multi-dimensional
"Viability Score" into the technology selection process.” This score would combine financial
projections with environmental, social, and governance (ESG) metrics, potentially utilizing
exergy analysis for energy-intensive technologies." This framework, informed by viability
theory's principles of long-term constraint satisfaction, would guide the selection of
technologies that are not only profitable but also inherently sustainable and resilient to future
resource shocks or regulatory changes.” This approach moves beyond simple "green"
investments to a deeper "sustainable-by-design" investment philosophy.’

The viability theory framework for technology portfolio assessment is outlined in the following

table:

[Assessment Dimension

Viability Criterion
(Example)

Analytical Tool/Metric

Implication

Financial Viability

Positive ROl over 10+
years, Sustainable
revenue model

DVF Framework,
Financial Models, NPV,
IRR

High investment
priority, Risk mitigation
through robust
financial structuring

Environmental
Sustainability

Net-zero emissions
potential, Low
ecological footprint,

Exergy Analysis, Life
Cycle Assessment
(LCA), Carbon

Prioritize investments
in clean technologies,
Identify opportunities

scarce resources,
Adaptability to

Material Flow Analysis,
Resource Scarcity Risk

Circular economy Footprint Analysis for eco-innovation
integration
Resource Resilience  |Minimized reliance on [Exergy Analysis, Strategic investments

in resource-efficient
technologies, Develop




resource shocks, Assessment supply chain resilience
Efficient resource
utilization

Social Impact Positive community  [Stakeholder Impact  [Enhance social license
impact, Fair labor Analysis, to operate, Identify
practices, Ethical Al [Multi-Stakeholder technologies with
development, User Utility Functions, User |oroad societal benefit,
desirability Surveys Mitigate reputational

risks

Regulatory Alignment with Policy Foresight, Reduce regulatory risk,

Compatibility anticipated future Regulatory Impact Identify first-mover
regulations, Assessment, Legal Duefadvantage in regulated
Compliance with Diligence markets, Shape future
evolving policy policy
frameworks

[l

Multi-Criteria Decision Analysis and Stakeholder Utility Alignment

Effective technology investment decisions, particularly those with long-term implications,
require a comprehensive understanding and integration of diverse preferences.’
Integrating Stakeholder Preferences into Investment Decision-Making

Utility Theory quantifies individual preferences and evaluates decisions under uncertainty,
positing that decision-makers choose options that maximize their expected utility, which is a
measure of satisfaction or pleasure. Utility functions vary from person to person, reflecting
different attitudes towards risk.! Building upon this, Multi-Attribute Utility Theory (MAUT)
extends the framework to help decision-makers assign utility values by evaluating outcomes
across multiple attributes and combining these individual assignments to obtain an overall
utility. MAUT models are readily understood by practitioners and various stakeholders,
making them effective tools for facilitating trade-offs among conflicting objectives.

A Stakeholder Analysis Matrix is an essential tool in strategic planning, systematically
identifying, analyzing, and prioritizing stakeholders' interests." It maps complex relationships
based on factors such as influence, interest, power, and impact, and is crucial for improving
project outcomes by integrating the needs and expectations of key stakeholders into the
planning and execution process.! Eliciting stakeholder preferences is a socio-technical
process aimed at setting preference-related parameters in decision-aiding models, such as
criterion weights or risk-aversion parameters.’ This process is inherently complex due to the
diversity of preferences, potential hidden agendas, and intricate group dynamics." A new
theory of decision-making, based on a multiple stakeholder utility function approach,
explicitly includes the utilities of different stakeholders (e.g., employer and employee), offering




a more generalizable framework for tradeoff-based decisions than traditional pure agency or
stewardship theories.’

The integration of multi-stakeholder utility functions represents a critical evolution beyond
simply maximizing profit." While utility theory quantifies individual preferences and MAUT
extends this to multiple attributes, the introduction of multi-stakeholder utility functions and
the Stakeholder Analysis Matrix explicitly brings diverse interests into the decision framework."
This indicates that investment success is increasingly tied not just to financial returns, but to
aligning value creation across a broader ecosystem of stakeholders, including employees,
customers, regulators, communities, and the environment." Ignoring these non-financial
utilities can lead to unforeseen risks, such as reputational damage, regulatory hurdles, or
talent drain, or conversely, missed opportunities, such as enhanced social license or
innovation spurred by diverse perspectives.’ This means developing and integrating
multi-stakeholder utility functions into investment models.” This involves systematically
identifying all relevant stakeholders for a given technology investment, eliciting their
preferences and quantifying their diverse utility functions, and then using MAUT to aggregate
these utilities to assess the holistic value of an investment opportunity.’ This framework will
enable decisions that optimize for a broader definition of "value"—one that includes social
acceptance, environmental stewardship, and long-term ecosystem health—thereby unlocking
sustainable competitive advantages.”

Scenario Planning for Robust Technology Investment Strategies

The integrated use of Scenario Planning (SP) and Multi-Criteria Decision Analysis (MCDA)
forms a powerful combination for strategic decision support.! SP helps decision-makers
devise strategies by considering a range of possible future scenarios, while MCDA supports
an in-depth performance evaluation of each strategy, leading to the design of more robust
and better options.'

Scenario planning is particularly valuable because it allows for the assessment of potential
strategies across "widely-perhaps even wildly-different views of the future," focusing on the
plausible rather than just the probable." This is critical for long planning horizons, such as the
50+ years often required for utility infrastructure investments." MCDA, in turn, supports the
design of more robust options by analyzing performance against multiple, often conflicting,
objectives.! It can also measure "inter-scenario robustness," which assesses how stable an
option's performance is across all scenarios.! The process typically involves defining a set of
strategic options and future scenarios, establishing a value tree representing organizational
objectives, measuring the achievement of each decision alternative on these objectives,
eliciting weights for each objective, and finally, aggregating performances to derive an overall
score for each alternative.

The distinction between "probable" and "plausible" futures is critical." Traditional forecasting
often centers on the most likely outcome, but SP explicitly embraces deep uncertainty by
exploring multiple divergent scenarios." Integrating MCDA allows for a quantitative evaluation
of how well different investment strategies perform across all these plausible futures, not just
the most favorable one.' This shifts the goal from finding the "optimal" strategy for one future



to finding a "robust" strategy that performs acceptably across many, effectively acting as a
hedge against unpredictable shifts." This means adopting a "robust portfolio" approach to
technology investment, utilizing SP and MCDA to stress-test investment strategies against a
diverse set of plausible future scenarios (e.g., rapid Al advancement, climate crisis,
geopolitical fragmentation).! This ensures that the portfolio performs acceptably across
multiple divergent futures, minimizing the risk of catastrophic failure in the face of "unknown
unknowns" and ensuring long-term adaptability.'

Utility Mapping for Enhanced Situational Awareness and Infrastructure Investment
Advancements in utility mapping are revolutionizing how organizations manage critical
infrastructure and inform investment decisions." Utility mapping involves collecting data
related to energy efficiency, underground cables, and other important geographical
information, with technology significantly enhancing its accuracy and efficiency.’

The most notable improvement is automation, driven by digital technologies, which can
reduce costs by 25% to 65% and improve accuracy in data analysis.' Technologies such as
LIDAR scanners can capture vast volumes of data rapidly, while Global Navigation Satellite
System (GNSS) utility asset data collection revolutionizes how utilities manage assets,
enabling accurate location data storage and automatic updates, thereby reducing human
errors and costly delays.! Furthermore, improved visualization tools, which incorporate
features like population analysis and simulation models, significantly aid decision-making
during project implementation.” Al-based solutions have emerged for tasks such as
automated feature extraction from images and automated route planning for remote devices
like drones, reducing the need for extensive manual staffing.!

The economic impact of accurate utility mapping is substantial. Simply having precise
information about the nature and location of underground utilities can eliminate billions of
dollars in costs annually, which are typically associated with relocating or designing around
these utilities in large-scale construction projects.’ Studies have consistently shown a
significant return on investment (ROI) for improved mapping systems, with savings ranging
from $2.05 to $6.59 for every dollar spent." Modern solutions, such as RFID-enabled asset
management systems, provide high accuracy, location verification, and comprehensive,
auditable data for both subsurface and above-ground infrastructure assets.’

Utility mapping, enhanced by Al, GNSS, and LiDAR, is evolving beyond simple data collection
to create dynamic, highly accurate "digital twins" of physical infrastructure.” The ability to
visualize data with "population analysis and simulation models" implies a predictive and
prescriptive capability.! The massive cost savings from accurate subsurface mapping highlight
the economic value of reducing information asymmetry and uncertainty in physical
deployments.” This is not just about mapping; it is about creating a living, intelligent model of
the physical world that can inform complex investment and operational decisions.” This
implies identifying and investing in companies developing advanced utility mapping and
geospatial solutions that enable the creation of "digital twins" of critical infrastructure (e.g.,
smart cities, energy grids, logistics networks).! These technologies provide a foundational
layer for future smart infrastructure investments, allowing for highly optimized deployment



planning, predictive maintenance, and risk reduction.” This also creates opportunities for
investments in AI/ML companies that can extract deeper insights and automate
decision-making from these rich geospatial datasets, leading to more efficient capital
allocation in large-scale physical technology rollouts.
The multi-criteria decision framework for technology investments is presented in the following

table:

Decision Criterion

Weighting
(Example)

Measurement/Ass
essment Method

Score/Evaluation
(1-10)

Investment
Implication

Financial Return

High

Financial Models
(ROI, NPV, IRR),
Market Share
Projections,
Cost-Benefit
Analysis
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Go/High Priority

Strategic
Alignment

High

Game Theory
Analysis (Market
Dominance,
Disruption
Potential),
Competitive
Landscape
Analysis,
Technology
Roadmapping

Strategic
Partnership/Acqui
sition

Sustainability

Medium-High

Viability Kernel
Analysis
(Environmental
Impact, Resource
Efficiency), Life
Cycle
Assessment, ESG
Metrics

Green Investment
Focus, Long-term
Resilience

Social
Acceptability

Medium

Multi-Stakeholder
Utility Functions,
Stakeholder
Impact Analysis,
Ethical Al
Framework
Compliance

Community
Engagement,
Ethical Guidelines

Resilience

High

Scenario Planning

& MCDA

Robust Portfolio

Allocation,




(Performance
across scenarios,
Adaptability to
'known
unknowns'), Stress
Testing

Diversification

Due Diligence

Operational Medium Entropy-Aware |7 Efficiency-driven-I
Efficiency Optimization nvestment,
Metrics, Scalability
Thermodynamic
Efficiency
Analysis,
Automation
Potential
Regulatory Medium Policy Foresight, |7 Compliance
Compatibility Regulatory Risk Assurance, Policy
Assessment, Legal Influence

IV. Investable Technology Catalog (2025-2050): Deep
Dive and Strategic Pathways

This section presents a curated catalog of 34 high-potential technologies poised for
significant investment and transformative impact between 2025 and 2050. Each technology is
profiled with its core functionality, enabling breakthroughs, projected commercialization
timeline, market size and growth rate, summarized return on investment (ROI), key
applications, and essential infrastructure requirements. The selection emphasizes
technologies that align with the foundational principles of anticipatory governance,
multi-stakeholder value, sustainability, and complexity management.’

The following table provides a summary of the Investable Technology Catalog:

Technology [Primary Core Projected [2025 Market |CAGR (%) [Key Value
Name Cluster Functionality [Commerciali [Size (USD Proposition
(brief) zation/Wides|[Bn)

pread

Adoption

Timeline
Agentic Al [Al & Autonomous [Widespread [14.8 (Global |33.8 (Global |Productivity
and Advanced |planning, adoption by |Autonomous |Autonomous |gains,




Autonomous [Computing |execution, [2027; mass |Agents), Agents operational
Systems and production [12.07 2020-2025), [cost
adaptation [of L4 (Embedded |35 (Agentic |reduction,
of complex [autonomous |Al) Al 2029), faster
tasks. trucks by 60.3 (Al problem
2027. Agent resolution,
Software enhanced
2024-2031) [accuracy.
Micro LLMs |Al & Compact, [Embedded [12.07 14.1 Cost-efficien
and Edge Al [Advanced |efficient Al |Al ~20% of |(Embedded |(Embedded [cy, enhanced
Computing [models for [semiconduct|Al) Al privacy/secu
resource-co [or demand 2025-2030) |[rity,
nstrained  [by 2025; real-time
environment |[Edge Al SoC control,
s, processing|cost drops in reduced
data short term energy
on-device. |(<2 years). consumption
NeuromorphilAl & Mimics Visible N/A 16.6 Orders of
c Computing[Advanced [human brain |product (component |(Neuromorp [magnitude
Computing |architecture [launches of hic chips gains in
for parallel, [2025-2027. [Embedded |within energy
energy-effici Al) Embedded |efficiency,
ent Al CAGR)  |high
information performance
processing. , adaptability
for real-time
learning.
Quantum  [Al & Leverages [Practical 3.62 40.5 Disrupts
Computing [Advanced [|quantum advantages (2025-2029) |trillion-dollar
Computing |physics for [may emerge industries,
complex in years, not solves
problem-solvidecades intractable
ing beyond [(5-10 years). problems,
classical redefines
systems. computation.,
DNA Al & Utilizes DNA [Research  [N/A N/A Addresses
Computing [Advanced [molecules [and Al's energy
Computing [for experimental demands,
energy-effici|stage; offers
ent long-term chemically
computation |potential stable,




and mass  [(centuries ultra-dense
data storage [for storage). data storage.
Bio-inspired |Al & Solves Ideas trace |N/A N/A Enhanced
Computing [Advanced [computer [oack to 1936; problem-solv
Computing |[science IBM ing for
problems  [orain-inspire complex
using d chips ~10 tasks, robust
biological [|years. and
models (e.g., adaptable Al
neural systems.
networks,
swarm
intelligence).
Bio-integratelAl & Conductive |[Significant [0.569 28.1 (Organic|Lower
d/Organic  [Advanced [|organic development|(Organic Electronics |production
Electronics |Computing |[materials  [s anticipated [Electronics), |2026-2032), |cost,
and merged |by 2025. 0.08567 16.31 thinner/lighte
biological (Biopolymers|(Biopolymers|r/more
components in E&E), 31.78in E&E energy-effici
for flexible, (Bioelectroni|2025-2030), |ent devices,
sustainable, cs & 9.32 improved
energy-effici Biosensors) |(Bioelectroni|durability/fun
ent cs & ctionality/sus
electronics. Biosensors [tainability.
2023-2030)
Small Sustainable |Advanced [Investments [N/A 0.73 (Global [Lower
Modular Energy & light water [deployed SMR 2033) [|upfront
Reactors Climate Tech|nuclear surpass capital costs,
(SMRs) reactors for [$300B by quicker
power late revenue
generation, [2020s-early generation,
process 2030s; competitive
heat, X-Energy LCOE,
desalination. |plant early co-generatio
next decade. n
capabilities.
Distributed |Sustainable |Harnesses |Helion to N/A (private |N/A Limitless
Fusion Energy & nuclear grid by 2028;lequity clean
Microgrids |Climate Techlfusion for  [TAE/CFS funding energy,
limitless early 2030s. $7.1B) significant
clean cost
energy, reduction




potentially in potential,
modular flexible
units. integration.
Sustainable [Sustainable |Biofuel from |4-5% of jet [2.06 65.5 Reduces
Aviation Fuel [Energy & renewable/w [fuel by 2030; (2025-2030)[regulatory
(SAF) Climate Techlaste additional demand
Production resources, |capacity costs,
reducing needs FID by creates
aviation 2026. economic
emissions by opportunitie
up to 80%. s, improves
aircraft
performance
Direct Air  |Sustainable |Removes Stratos 0.16637 60.9 $1 trillion
Capture Energy & CO2 directly [facility online (2025-2037) |market for
(DAC) Climate Tech|from 2025; carbontech,
Technologies atmosphere [gigaton job creation,
for scale by monetization
permanent [2050. via carbon
storage or credits.
utilization.
Advanced [Sustainable [Human-mad [Commercial [N/A N/A Reliable 24/7
Geothermal [Energy & e viability (investment clean power,
Energy Climate Tech|geothermal |demonstrate [soared 85% accessible
Systems reservoirs to [d; expanded [in Q12025) almost
(EGS) tap deployment anywhere,
subsurface |oy 2050. lower
heat for 24/7 operating
power. costs, small
land
footprint.
Advanced [Sustainable [Removes Cost 27.28 9.8 Sustainable,
Water Energy & salt/impuritiereduced by |(Advanced |(Advanced |drought-pro
Purification [Climate Tech|s from saline |20% in 5 Desalination)|Desalination |of water
& water for years, 60% | 34.04 2024-2032), [supply,
Desalination potable use. [in 20 years; |(Packaged [10.04 reduced
capacity Water (Packaged |energy use,
expected to [Treatment) |Water lower water
double by Treatment |costs.
2030. 2025-2034)
Next Sustainable [Solid-state |Automakers [418.81 (Cold |14.5 (Cold  |Improved




Generation [Energy & and testing Chain Chain energy
Battery Climate Techladvanced |solid-state |[Market, Market density,
Technology chemistry  |batteries for which uses [2025-2034) |enhanced
batteries for [EVs by 2025; patteries) safety,
improved  [mass longer
performance[production lifespan,
, safety, and |by 2024 reduced
sustainability|(Solid reliance on
Power). critical
materials.
Sustainable [Sustainable [Cultivates [Market 0.6 21.8 90-95% less
Vertical Agriculture &|crops in expected to (2025-2029) |water,
Farming Food Tech [stacked reach minimal land
layers with  [$21.12B by footprint,
controlled  [2029. reduced
environment carbon
and minimal emissions,
resources. local
year-round
production.
Cellular Sustainable |Produces |Initial sales |N/A (private |N/A Reduced
Agriculture |Agriculture &meat from  |in 2023 capital >$3B environment
(Lab-Grown |Food Tech |[cell cultures |(USA); UK  [2010-2022) al impact,
Meat) without approval for ethical
animal pet food benefits,
slaughter.  [2024; retail reduced
launch in contaminatio
Europe 2025 n risk,
(Meatable). healthier fat
profiles.
Synthetic  [Sustainable [Engineering [Market 22.15 20.4 Renewable
Biology Agriculture &lbiological  [expected to (2025-2037) [feedstocks,
Food Tech |[systemsto [grow >25% enzymatic
produce CAGR up to processes,
sustainable [2025. mild reaction
materials, conditions,
chemicals, reduced
and fuels. waste/emissi
ons.
CRISPR for [Sustainable [Precise 30% of US |4.46 13.0 Increased
Agriculture [Agriculture &lgenetic farms to (2025-2034) |crop
Food Tech |modification [adopt resilience,




s in CRISPR-mod reduced
crops/livesto |ified fertilizer/pest
ck for crops/traits icide use,
improved  |by 2025. higher
traits. yields,
improved
nutritional
content.
Al for Climate Leverages Al[Operational |N/A N/A Enhanced
Climate Resilience & [to forecast |[settings predictive
Modeling & |Urban Tech |weather, gaining accuracy,
Prediction climate traction; computation
anomalies, |continuous al efficiency,
and development actionable
environment |. insights for
al impacts. adaptation/
mitigation.
Negotiation- |Climate Al-integrated]Al/blockchai [27.0 (Digital [13.9 (Digital |[Streamlined
Optimized [Resilience & |/blockchain- |n-enabled |Logistics), |Logistics processes,
Urban Stack |Urban Tech |enabled protocols by [11.68 2025-2034), [enhanced
solutions for [2025; Layer |(Intelligent [10.53 transparency
smart city |2 adoption [Traffic (Intelligent |, reduced
governance, [+250% in 2 [Management{Traffic costs,
traffic, and |years. Managementjoptimized
resource 2025-2030) [resource
management use.
Autonomous [Climate Self-driving |Autonomous [0.13 32.7 Cost savings,
Urban Resilience & |vehicles and [delivery (Autonomou |(Autonomou |enhanced
Logistics Urban Tech [drones for |market s Delivery  [s Delivery  |efficiency,
efficient, $6.2Bs by  |Robots), Robots reduced
sustainable [2030; mass [53.45 2025-2033), [environment
delivery. production |(Autonomou [16.8 al impact,
of L4 trucks |s Freight & |(Autonomou |addresses
by 2027. Logistics) |s Freight & |[labor
Logistics shortages.
2025-2032)
Smart Cold [Climate Temperature DHL system |418.81 14.5 Product
Chain Resilience & |-controlled |Jan 2025; (2025-2034) lintegrity,
Solutions  [Urban Tech [logistics with[Thermo reduced
real-time King/Range spoilage,
monitoring [Energy trials energy




and Apr 2025. efficiency,
advanced real-time
materials. visibility, cost
savings.
Industrial Climate Virtual Market N/A 39.48 Improved
Digital Twins |Resilience & |replicas of  [projections (2025-2030)|capital/opera
Urban Tech |physical $125.7B by tional
assets/syste |2030; 70% efficiency,
ms for C-suite reduced
real-time invest now. downtime,
monitoring decreased
and costs,
simulation. enhanced
decision-ma
king,
sustainability
Humanoid |Advanced |Human-like |Adoption N/A (Q1 2025|N/A Addresses
Robotics Robotics & [robots for  |accelerates [funding labor
Automation |industrial, [late 2030s; [>$2.26B) shortages,
commercial, [commercializ increased
and ation 2026+. productivity,
eventually new market
household creation,
tasks. cost
reduction.
Human Advanced |Enhances |Projected to 430.5 13.95 Restores lost
Augmentatio [Robotics & |physical/cog |grow from (2025-2034) [function,
n Automation |nitive $430.5B in enhances
Technologies capabilities [2025 to human-com
via Al, $1.39T by puter
AR/VR, 2034. interaction,
wearables, improves
neuroprosth quality of
etics. life.
Robotic Advanced |Al-assisted [Rapid N/A N/A Reduced
Surgery Robotics & [robots for  |adoption; 25 operative
Systems Automation |enhanced |studies time,
efficiency, [2024-2025 complication
precision,  [on Al-driven s, improved
and patient |robotic precision,
outcomes in [surgery. shorter




surgery. recovery
times.
Embedded |Smart Processors, [Market 37.2 20.1 Seamless
Ambient Al [Sensors, actuators  |estimated (2025-2030)|connectivity,
Substrates [Environment |unobtrusivel [$37.2B in intuitive

s & loT y embedded [2025; environment
for Edge-Al BLE s, energy
context-awa |nodes efficiency,
re, fastest CAGR real-time
autonomous |(28%). adaptation.
experiences.

Holographic |Smart Generates  |Market 7.14 18.2 Immersive/in
Display Sensors, dynamic, expected to (2025-2034) [teractive
Technology [Environment fhigh-resolutifreach $32.2B content,

s & loT on 3D by 2034. enhanced
images customer
without engagement,
special remote
glasses. collaboration

Smart Smart Fabrics with [Market 2.3 23.2 Health
Textiles &  [Sensors, embedded |expected to (2021-2026) |monitoring,
E-Textiles  |Environment |electronics |grow to adaptive

s & loT to sense,  [$6.6B by functionality,
react, and [2026. enhanced
interact with user
users/enviro interaction,
nment. military/prote

ction.
Neuroprosth |Smart Invasive BCI [Invasive BCI [168.2653 1.49 (InvasivelRestores
etics & Sensors, enabling TAM (Invasive BCI|BCI motor
Advanced |Environment |direct $168.26B in  [TAM), 397.59 |2025-2030), [function/com
BCls s & loT communicati[2025; (Non-invasiv [9.35 munication,
on between |Non-invasivele BCI) (Non-invasiv lenhances
brainand  [BCI e BCI neuroplastici
external $397.59M in 2025-2030) [ty, new
devices. 2025. human-com
puter
interaction.
Space Space & Extraction [Projected [1.5(2023) [23.5 Reduced
Resource  |Frontier and CAGR 23.5% (2024-2032) [reliance on
Utilization  [Technologiesjprocessing [from Earth,




of resources
from

2024-2032.

improved
mission

celestial sustainability
bodies , cost
(Moon, Mars, savings for
asteroids). space
missions.
Orbital Solar [Space & In-space Operational |0.7006 8.5 Consistent,
Power Frontier collection of Joy 2030; 15 |(Space Solar|(2025-2030) |efficient
Technologiesisolar energy |GW by (UK)) clean power,
and wireless |mid-2040s. reduced land
transmission use,
to Earth. addresses
intermittency
of terrestrial
renewables.
Al Driven Healthcare &|Leverages |[Reduces 0.31855 27.42 Cuts failure
Drug Life Sciences|Al/ML to timeline from|(Generative |(Generative [rates,
Discovery accelerate [10-15years |AlinDrug |Alin Drug |accelerates
Platforms drug to 3-5 years. Discovery) |Discovery |[timelines,
development 2025-2034) [reduces
from target costs,
ID to clinical enables
trials. personalized
medicine.
CRISPR Healthcare &|Gene editing [First 4.46 13.0 Precise DNA
Based Life Sciencesffor treating |approval (2025-2034) Imodification,
Therapeutic genetic 2023 potential for
Applications diseases, (Casgevy); curative
cancers, and |50 active treatments,
infectious  [sites treating personalized
diseases.  |patients. therapies.

A. Al & Advanced Computing

This cluster represents the vanguard of technological transformation, encompassing
innovations that fundamentally alter how information is processed, decisions are made, and
systems interact.! Investments in this domain are foundational, enabling advancements across
nearly every other sector.”




1. Agentic Al and Autonomous Systems

Core Functionality & Enabling Breakthroughs: Agentic Al systems signify a profound
evolution beyond traditional Al, enabling machines to autonomously plan, execute, and adapt
to complex tasks without continuous human intervention. This functionality extends to
multi-agent architectures, where specialized Al agents collaborate to resolve intricate
business challenges, orchestrating tasks such as demand forecasting, inventory optimization,
and vendor relationship management within supply chains.! The rapid advancement of agentic
Al is underpinned by breakthroughs in deep learning and natural language processing (NLP),
alongside the capacity for continuous self-improvement through reinforcement learning and
iterative feedback loops." Key commercial developments include platforms like Salesforce
Agentforce 2.0, Microsoft Copilot agents, and Google Cloud Agentspace, which facilitate
seamless integration across enterprise ecosystems.” The core commodities enabling this
technology are robust Al processing units, sophisticated sensor suites (including LiDAR, radar,
cameras, and ultrasonic sensors), and the underlying data infrastructure for training and
deployment.’

Projected Timeline for Commercialization & Widespread Adoption: Agentic Al is poised
for substantial growth and widespread adoption in the immediate future, with significant
market expansion anticipated in 2025." Projections indicate that 60% of companies are
expected to adopt agentic Al by 2025, a figure rising to 80% by 2027." The mass production of
SAE Level 4 autonomous trucks, a key application of agentic Al, is expected by 2027."

Market Size & Growth Rate Projections: The global autonomous agents market is projected
to reach $14.8 billion by 2025, demonstrating a compound annual growth rate (CAGR) of
33.8% from 2020." The broader agentic Al market is anticipated to expand significantly,
reaching $126.9 billion by 2029 with a CAGR of 35%.' The Al Agent Software market
specifically is projected to reach $15.12 billion by 2031, exhibiting an even higher CAGR of
60.3%.! The overall Al agents market is calculated at $7.92 billion in 2025 and is forecasted to
reach approximately $236.03 billion by 2034, accelerating at a CAGR of 45.82% from 2025 to
2034.*

Return on Investment (ROI) Summary & Value Proposition: The adoption of agentic Al
yields substantial returns. Companies implementing enterprise-wide Al agents report average
productivity gains of 35% and operational cost reductions ranging from 20-30%." Multi-agent
architectures further enhance efficiency, achieving 45% faster problem resolution and 60%
more accurate outcomes.” Industry-specific Al agents deliver a 2-3x higher ROI compared to
generic solutions due to their specialized knowledge and capabilities.! Overall, autonomous Al
agents are expected to increase productivity by 25% and reduce costs by 15% within the next
two years." In many cases, ROl exceeds 5x-10x per dollar invested, with organizations
reporting returns ranging from 3x to é6x their investment within the first year.®> Long-term
impacts include accelerated innovation, smarter decision-making, and enhanced employee
and customer experiences.’



Top Key Sectors/Applications: The most prominent sectors for agentic Al adoption include
customer service, with 75% of operations expected to be automated by 2025, alongside sales
and human resources." Healthcare benefits from applications in patient care coordination,
clinical decision support, and regulatory compliance.' Financial services leverage agentic Al
for risk assessment, fraud detection, and customer advisory roles.” In retail, applications span
inventory management, customer experience enhancement, and dynamic price optimization.”
Supply chain optimization is another critical area where multi-agent systems are proving
transformative.! Other targeted sectors include drug discovery, construction, real estate sales,
and manufacturing.®

Enabling Infrastructure & Ecosystem Requirements: The successful deployment of agentic
Al necessitates a robust underlying infrastructure. This includes a powerful Al core, advanced
sensor suites (such as LiDAR, radar, cameras, and ultrasonic sensors), and seamless
integration capabilities with existing commercial fleets and enterprise systems.! Cloud-based
platforms and edge computing are crucial for enabling real-time processing and distributed
intelligence.” Furthermore, the ecosystem requires standardized data protocols and strong
governance frameworks to ensure interoperability and data quality.” Multi-agent systems also
rely on Large Language Model (LLM) inference engines.’

Associated Challenges, Risks, and Mitigation Strategies: Despite its immense potential,
agentic Al faces several challenges. Regulatory hurdles, limitations in existing infrastructure,
and safety concerns remain significant barriers to widespread implementation." Public
skepticism regarding autonomous systems and ethical issues surrounding job displacement
also present complex challenges for market acceptance. Cybersecurity and data privacy are
critical risks, necessitating the development and implementation of robust security protocols
and privacy-preserving architectures.” Bias in Al agents, often stemming from training data,
can lead to skewed results.® Mitigation strategies involve focusing on policy development,
public engagement, and continuous innovation in secure and transparent Al systems.”
Ensuring diverse and representative training data, regular auditing, and algorithmic fairness
techniques are crucial for addressing bias.® Transparency by design and human-in-the-loop
safeguards are essential for sensitive decisions.’

Strategic Investment Pathway (Application of Foresight Frameworks):

The advancement of agentic Al represents a fundamental shift in automation, transforming
static, rule-based systems into dynamic, adaptive, and decision-making entities.1 This
progression implies that Al will not merely automate existing tasks but will fundamentally
redefine operational models across industries.1 The ability of agentic Al to integrate across
diverse business functions and specialize for industry-specific use cases suggests a profound
impact on efficiency and precision across the entire value chain.1 The rapid market growth
and high ROI projections underscore a compelling investment signal.1 However, successful
deployment and sustained value creation depend critically on addressing foundational
requirements such as data quality, seamless integration with legacy systems, and robust
ethical and security frameworks.1 This systemic approach is essential to fully realize the
transformative potential of agentic Al and ensure its sustainable integration into global



economic activity.1

Game Theory (Mean Field Games): Investment in agentic Al aligns with influencing
collective behavior. As 60% of companies are expected to adopt by 2025 and 80% by
2027, this indicates a rapid shift in market dynamics. Investments can target platforms
that predict and influence mass adoption curves, creating self-reinforcing cycles as
more firms adopt and benefit, making non-adoption a competitive disadvantage.' The
"anticipation phenomenon" inherent in Mean Field Games applies here, as industries
anticipate the benefits of agentic Al, driving a collective movement towards its
adoption.

Entropy-Aware Optimization: Agentic Al's capacity to autonomously plan and adapt
to complex tasks ' inherently reduces system disorder and unpredictability in
operational environments. This approach minimizes "entropy overhead" in
decision-making and resource allocation, leading to superior operational stability and
cost efficiency.! Investments should focus on Al agents designed with principles that
optimize resource allocation based on real-time "disorder" metrics, ensuring resilience
to internal "chaos".!

Viability Theory: By automating complex tasks and optimizing resource allocation,
agentic Al contributes to the long-term operational viability of enterprises.’ This
technology can define and maintain "safe operating spaces” for business processes,
ensuring resilience against operational shocks and resource constraints." Investments
should prioritize agentic systems that demonstrably enhance the long-term survival and
stability of organizational functions, even in the face of dynamic challenges.”
Multi-Criteria Decision Analysis: Agentic Al scores high on operational efficiency and
financial return, with reported productivity gains of 35% and cost reductions of
20-30%. Strategic alignment is also high as it fundamentally redefines operational
models across industries." However, social acceptability and regulatory compatibility
require careful consideration due to concerns about job displacement and ethical
implications." This necessitates investments in transparent, accountable, and

human-in-the-loop Al frameworks to ensure broader societal value and mitigate risks.’

2. Micro LLMs and Edge Al

Core Functionality & Enabling Breakthroughs: Micro Large Language Models (Micro LLMs)
are compact and highly efficient versions of their larger counterparts, specifically designed
for deployment in environments with constrained computational resources, such as mobile
devices, wearables, and edge computing platforms.! Edge Al, a complementary concept,
involves processing data directly on these local devices rather than relying solely on
centralized cloud infrastructure.! This approach significantly reduces data latency and
minimizes dependence on continuous cloud connectivity.! The feasibility of Micro LLMs and
Edge Al is driven by several critical advancements, including the ability to miniaturize complex



Al models without substantially compromising their capabilities, coupled with rapid progress
in Al accelerator hardware and the widespread deployment of ultra-low-latency 5G networks.
The emergence of on-sensor Al, which enables event-based vision processing directly at the
data source, further enhances this paradigm.’ Key commodities include specialized
semiconductor designs that embed neural-network accelerators directly onto chips, and the
development of open-source instruction set architectures like RISC-V, which facilitate the
creation of custom, energy-efficient chips.! Successful commercialization also relies on
vendors providing tuned software stacks bundled with this specialized silicon, shortening
time-to-production for customers.’

Projected Timeline for Commercialization & Widespread Adoption: The adoption of Edge
Al is accelerating rapidly. Projections indicate that Al chips will constitute nearly 20% of
semiconductor demand by 2025." Furthermore, significant cost reductions in Edge Al
Systems-on-Chip (SoC), enabling battery-less sensors, are expected in the short term (within
two years).! The expansion of 5G and ultra-low-latency networks, a crucial enabler, is
anticipated to mature in the medium term (2-4 years).' 2025 is considered "the year of edge
Al M

Market Size & Growth Rate Projections: The Embedded Al market, which encompasses
Edge Al, is estimated at $12.07 billion in 2025 and is projected to reach $23.34 billion by 2030,
growing at a CAGR of 14.10%.' More broadly, Edge Al platform revenue is forecasted to
surpass $140 billion by 2032."

Return on Investment (ROI) Summary & Value Proposition: Micro LLMs and Edge Al offer
compelling value propositions. They provide significant cost-efficiency due to lower
operational costs compared to larger, cloud-based LLMs, making them appealing for
organizations seeking scalable and predictable Al expenses without compromising
performance.’ By processing data on-device, these technologies enhance privacy and
security, addressing critical concerns in sensitive applications.! Their ability to enable
real-time control and faster decision-making is a key advantage, particularly for time-sensitive
applications." Furthermore, their optimized design leads to reduced energy consumption,
maximizing hardware utilization and lowering power consumption and heat generation.’
On-premises LLM implementations can be as much as 62% more cost-effective than
comparable public cloud solutions.™

Top Key Sectors/Applications: Key sectors adopting Edge Al include mobile devices, the
Internet of Things (loT), automotive (e.g., autonomous vehicles), healthcare, and robotics.’
Within enterprises, applications span customer support, data analysis, and content
generation. More specialized uses include financial fraud detection systems, healthcare
diagnostics, and various customer service applications.! Other applications include industrial
machines, home appliances, and computer vision systems."’

Enabling Infrastructure & Ecosystem Requirements: The successful proliferation of Micro
LLMs and Edge Al relies on a foundational infrastructure. This includes advanced
semiconductor designs that directly embed neural-network accelerators onto chips.! The
widespread availability and expansion of 5G networks are crucial for ultra-low-latency
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communication and device collaboration, reducing cloud dependence.' The development of
open-source instruction set architectures like RISC-V is driving the creation of custom,
optimized chips." Furthermore, the ecosystem requires vendors to bundle tuned software
stacks with their silicon, which shortens time-to-production for customers and accelerates
market adoption.! Edge servers are emerging as high-performance computing platforms that
bring Al, including LLMs and generative Al, directly to the source of data creation.”
Associated Challenges, Risks, and Mitigation Strategies: The total cost of ownership for
Edge Al solutions can often exceed initial hardware quotes by 40-60% when factoring in
custom software, compliance testing, and staff training.! Regulatory hurdles pose significant
challenges, particularly in highly regulated industries like healthcare, where certifying
Al-enabled features can cost millions per product line." Data privacy and security concerns
remain paramount, necessitating careful consideration of how Al models are trained and
deployed to prevent bias and ensure compliance.! Mitigation strategies involve focusing on
turnkey reference designs to reduce overheads, proactive engagement with regulatory
bodies, and continuous monitoring of model outputs for accuracy and bias.
Strategic Investment Pathway (Application of Foresight Frameworks):
The emergence of Micro LLMs and Edge Al signifies a strategic pivot towards a more
decentralized Al architecture, driven by critical demands for privacy, real-time processing
capabilities, and enhanced energy efficiency.1 This decentralization implies that Al is
becoming ubiquitous, permeating more aspects of daily life and critical infrastructure by
pushing intelligence closer to the data source.1 This shift is not merely a technical optimization
but a fundamental re-evaluation of how Al is deployed.1 It unlocks new applications and
business models by overcoming the latency and bandwidth constraints inherent in centralized
cloud computing.1 Investment in this area is therefore directed towards specialized hardware,
optimized software, and domain-specific Al solutions that prioritize efficiency and security at
the point of interaction, ultimately expanding the addressable market for Al beyond traditional
data center limitations.1
e Game Theory (Nash Equilibrium & Mean Field Games): The shift to decentralized Al ’
creates new market equilibria where privacy, low latency, and energy efficiency become
critical competitive advantages.' Investments can target companies that establish de
facto standards for edge Al, potentially creating network effects that accelerate
adoption and make non-adoption a competitive disadvantage.’ The "anticipation
phenomenon” in Mean Field Games is relevant as industries anticipate the benefits of
real-time, private processing, driving a collective movement towards edge Al adoption.’
e Entropy-Aware Optimization: Micro LLMs and Edge Al inherently minimize entropy by
processing data locally, significantly reducing data transfer, communication overhead,
and overall energy consumption.” This aligns with the principle that systems actively
managing and reducing internal entropy are more robust and economically viable.'
Investments should focus on hardware and software solutions that achieve superior
energy efficiency %° and optimize resource utilization directly at the data source,
contributing to long-term operational stability."



e Viability Theory: By reducing reliance on centralized cloud infrastructure and enabling
offline operation, Edge Al enhances the viability and resilience of critical applications,
particularly in scenarios with limited connectivity or stringent privacy requirements.®
Investments should focus on solutions that enable systems to operate reliably within
strict power and connectivity constraints, defining a "safe operating space" for
ubiquitous, distributed Al." This ensures the long-term survival of Al-powered
functionalities in diverse environments.

e Multi-Criteria Decision Analysis: Micro LLMs and Edge Al score high on operational
efficiency (real-time control, faster decision-making), privacy/security, and
cost-efficiency.' Strategic alignment is strong due to the trend towards decentralized Al
architectures.! Regulatory compatibility requires ongoing effort due to evolving data
privacy laws and compliance complexities.’

3. Neuromorphic Computing

Core Functionality & Enabling Breakthroughs: Neuromorphic computing represents an
innovative approach to computation that directly mimics the architecture and functionality of
the human brain.! Unlike conventional Von Neumann architectures that separate processing
and memory, neuromorphic systems process information in parallel, much like biological
neural networks. This is achieved through Spiking Neural Networks (SNNs), which consist of
spiking neurons and synapses that incorporate timing into their operations, firing only when a
certain charge threshold is reached." A primary advantage of neuromorphic computing is its
potential for orders of magnitude gains in energy efficiency, as power is consumed only when
computing segments are active.' This event-driven nature contributes to high performance
due to extensive parallel processing and significantly reduced latency.' These systems also
exhibit adaptability for real-time learning, continuously adjusting to evolving stimuli.! Research
is actively exploring new materials, including ferroelectric and phase-change materials, as
well as memristors, to further enhance the co-location of memory and data processing within
spiking neurons.” The core commaodities are specialized neuromorphic chips, advanced
algorithms optimized for SNNs, and a growing understanding of brain science and
neuroscience.

Projected Timeline for Commercialization & Widespread Adoption: Neuromorphic
computing is still in its early market stages, with public companies primarily focused on
developing and commercializing brain-inspired chips.” Visible product launches are
anticipated between 2025 and 2027, signaling a move towards broader adoption.' The global
neuromorphic computing market is projected to grow from $213,344 thousands in 2025 to
$1,300,575 thousands by 2032.%°

Market Size & Growth Rate Projections: While a standalone market size for neuromorphic
computing is not always explicitly provided, neuromorphic chips are poised for the fastest
Compound Annual Growth Rate (CAGR) at 16.6% within the broader Embedded Al market.!



The global neuromorphic computing market was valued at $139,291 thousands in 2024 and is
projected to reach $1,300,575 thousands by 2032, exhibiting a CAGR of 29.5% during the
forecast period.?

Return on Investment (ROI) Summary & Value Proposition: The value proposition of
neuromorphic computing lies in its ability to deliver high performance with exceptional energy
efficiency.! This translates into lower power consumption for devices like smartphones and
wearables, extending battery life.! In autonomous systems, it can significantly improve
navigational skills, enabling quicker course correction and enhanced collision avoidance while
reducing energy emissions." For cybersecurity, neuromorphic systems can rapidly detect
unusual patterns, thwarting cyberattacks with low latency.' The escalating energy
consumption of conventional Al models presents a critical sustainability and scalability
challenge, which neuromorphic computing offers to address.’

Top Key Sectors/Applications: Key sectors benefiting from neuromorphic computing include
autonomous vehicles, where it enhances navigation and collision avoidance; cybersecurity, for
rapid threat detection; edge Al, enabling powerful Al capabilities on resource-constrained
devices; pattern recognition, for applications in natural language and medical imaging; and
robotics, improving real-time learning and decision-making.! Other applications include
military, smart cities, loT, and industrial sensors.?’

Enabling Infrastructure & Ecosystem Requirements: The advancement of neuromorphic
computing necessitates state-of-the-art hardware and software development, including the
creation of specific Application Programming Interfaces (APIs), coding models, and
programming languages tailored for neuromorphic systems." Furthermore, a highly
interdisciplinary workforce, combining expertise in neuroscience, computer science, and
engineering, is essential for translating biological principles into scalable computational
models.’

Associated Challenges, Risks, and Mitigation Strategies: Significant challenges include
potential decreases in accuracy when converting traditional deep neural networks to SNNs,
and variations or weight limits in memristors affecting precision.! The field currently lacks
established benchmarks and standards for architecture, hardware, and software, making
performance evaluation difficult.” Limited accessibility to specialized software tools and a
steep learning curve for practitioners also pose hurdles.! High development costs associated
with specialized neuromorphic hardware are another barrier." Ethical concerns may arise from
the human-like nature of neuromorphic systems, potentially leading to public concern about
their use in "human" areas like elderly care.?® Questions of consciousness and personhood
may emerge as systems become more advanced.?® Mitigation strategies involve continued
fundamental research to improve accuracy, collaborative efforts to establish industry
standards, and investment in educational programs to build a specialized workforce.’
Addressing ethical concerns requires clear guidelines, transparency, and public education.*
Strategic Investment Pathway (Application of Foresight Frameworks):

The escalating energy consumption of conventional Al models presents a critical sustainability
and scalability challenge for the future of computing.1 Neuromorphic computing offers a



radical, bio-inspired solution to this fundamental problem by fundamentally rethinking
hardware architecture for unprecedented energy efficiency.1 This implies that investment in
neuromorphic chips is a strategic long-term commitment to a future where Al is ubiquitous yet
environmentally and economically sustainable.1 This technology is expected to unlock new
applications at the edge by enabling powerful Al capabilities within strict power budgets,
thereby significantly expanding the addressable market for Al beyond traditional data center
limitations.1

e Game Theory (Nash Equilibrium): Neuromorphic computing's orders-of-magnitude
gains in energy efficiency ' can disrupt the current competitive landscape in Al
hardware, which is heavily reliant on power-hungry GPUs.?* Investment can target firms
that achieve cost-competitiveness and scale, potentially creating a new competitive
equilibrium where energy efficiency is a primary differentiator, forcing competitors to
adapt or risk obsolescence."

e Entropy-Aware Optimization: This technology directly embodies entropy minimization
by consuming power only when active ("event-driven").! It aims to fundamentally reduce
the "disorder" of energy consumption in Al. Investments are a strategic long-term
commitment to a future where Al is ubiquitous and sustainable , aligning with the idea
of achieving fundamental limits of energy-efficient information processing."'

e Viability Theory: Neuromorphic computing offers a viable path to scale Al computation
within strict energy and environmental constraints, addressing the "extinction event" of
escalating computational demands.” Investments are guided by the principle of ensuring
system survival within fundamental physical and energetic constraints, providing a more
resilient computing paradigm for the future of Al

e Multi-Criteria Decision Analysis: Neuromorphic computing scores highly on strategic
alignment (advancing Al capabilities), resilience (robust, adaptable systems), and
potential for operational efficiency (energy savings).! Financial returns are projected
with a strong CAGR %, but the market is still nascent. Social acceptability and regulatory
compatibility require proactive engagement due to concerns about human-like Al and
ethical implications, including privacy and autonomy.?

4. Quantum Computing

Core Functionality & Enabling Breakthroughs: Quantum computing harnesses the unique
properties of quantum mechanics, such as superposition and entanglement, to perform
computations that are intractable for classical computers.” Its power lies in its ability to solve
complex problems that underpin trillion-dollar industries, fundamentally altering how data is
processed, analyzed, and applied.! The ultimate goal is to scale to millions of stable qubits,
enabling truly transformative applications.! Recent breakthroughs include the unveiling of new
guantum chip prototypes by global leaders, directly addressing core hardware obstacles such
as error rates, coherence times, and scalability.! Significant improvements in qubit coherence



times and the development of more reliable error correction schemes are pushing the
technology closer to practical applications.” The concept of quantum data centers,
networking multiple quantum processing units (QPUs) to form a distributed, scalable quantum
computing infrastructure, is a pivotal development.' Key commodities include specialized
guantum processors, cryogenic systems (for certain qubit modalities), and advanced software
for quantum control and algorithm orchestration.’

Projected Timeline for Commercialization & Widespread Adoption: While full-scale,
fault-tolerant quantum computers are still some years away, practical quantum advantages
are anticipated to emerge in specific use cases within years, rather than decades.! Google's
CEO, Sundar Pichai, has indicated that practical quantum computers are "5 to 10 years away,"
drawing parallels to the early stages of Al development.! Commercial applications are
expected to emerge gradually and unevenly across industries, with sectors like
pharmaceuticals and finance potentially leading the adoption curve.! The United Nations'
proclamation of 2025 as the International Year of Quantum Science and Technology
underscores the growing global recognition of its transformative potential.' The earliest
commercial quantum applications will need several million qubits, with first applications
potentially within reach around 2035-2040.*" Quantinuum has unveiled an accelerated
roadmap to achieve universal, fully fault-tolerant quantum computing by 2030.%2

Market Size & Growth Rate Projections: The quantum market as a whole could reach $100
billion within a decade.” Quantum computing revenue specifically is projected to grow from $4
billion in 2024 to as much as $72 billion by 2035." More granular projections indicate the
global quantum computing market size at $2.57 billion in 2024, growing to $3.62 billion in
2025, and further expanding to $14.11 billion by 2029, representing a robust CAGR of 40.5%."
By 2040, the total quantum technology market could reach $198 billion.*?

Return on Investment (ROI) Summary & Value Proposition: The ROI for quantum
computing is not expected to follow traditional metrics, at least in its initial stages, and will
heavily depend on a company's strategic positioning and the direct relevance of quantum to
its business model." Industries where quantum advantage is nearer-term, such as drug
discovery or material design, may begin to see measurable returns within the next 5-10 years."
For other sectors, the benefits may be longer-term and more challenging to quantify in purely
financial terms." However, the cost of delaying engagement, in terms of talent readiness,
ecosystem positioning, and lost innovation opportunities, is considered significantly greater
than the cost of early, contained experimentation.' Quantum solutions can enhance efficiency,
reduce costs, and create novel products and services.*®

Top Key Sectors/Applications: Quantum computing's transformative power is expected to
impact several trillion-dollar industries. Key sectors include pharmaceuticals, where it can
revolutionize molecular modeling and drug discovery; financial services, by enhancing market
prediction and optimizing complex financial models; and logistics and aerospace, through
optimizing supply chains and advanced simulations.! Other significant end-user sectors
include healthcare, banking, automotive, energy and utilities, chemicals, and manufacturing.’
Cybersecurity is also a key application.**



Enabling Infrastructure & Ecosystem Requirements: The realization of quantum
computing's full potential necessitates a sophisticated enabling infrastructure. This includes
qguantum data centers that network multiple QPUs, facilitating a distributed architecture for
large-scale computation.” Quantum infrastructure software is crucial for transforming
"bare-metal" quantum processors into usable computational tools compatible with enterprise
cloud architectures, virtualizing hardware, and improving algorithmic performance.”’
Furthermore, a highly specialized and interdisciplinary workforce, with expertise spanning
guantum science, engineering, biology, computer science, and defense, is essential for
advancing research and applications.’
Associated Challenges, Risks, and Mitigation Strategies: Significant challenges persist in
overcoming high error rates, maintaining qubit coherence, and achieving scalable quantum
systems." The nascent field also faces a lack of established benchmarks and standards, which
complicates performance evaluation and comparison.' Technology transfer from research
labs to commercial products remains an obstacle, compounded by a limited supply of key
components and a small, specialized workforce." High development costs and inherent
technical complexities further contribute to the risks." Ethical concerns include privacy,
security, fairness, accountability, and bias, particularly due to the ability to process massive
data at unprecedented speeds.*® Mitigation strategies involve continued substantial
investment in fundamental research, fostering public-private partnerships to bridge the
technology transfer gap, and developing targeted educational programs to expand the
quantum workforce." Establishing frameworks for transparency, inclusivity, and equity is
crucial.*®
Strategic Investment Pathway (Application of Foresight Frameworks):
The investment landscape for quantum computing is characterized by a strong strategic
imperative for early engagement, despite the long and uncertain timeline for a traditional
return on investment.1 The rapid surge in private and public funding, alongside the global
recognition of 2025 as the International Year of Quantum Science and Technology,
underscores a growing consensus on its profound disruptive potential.1 This implies that early
investment is not merely about immediate financial gains, but about securing future market
positioning, building internal expertise, and influencing the development of foundational
technologies.1 The cost of delaying entry into this transformative field, in terms of lost talent
readiness and missed innovation opportunities, is perceived as far greater than the cost of
initial, contained experimentation, reflecting a strategic move to hedge against a potentially
sweeping technological disruption.1
e Game Theory (Nash Equilibrium): Quantum computing has the potential to disrupt
trillion-dollar industries.! Early engagement, despite uncertain RO, is a strategic move
to secure future market positioning and influence foundational technology
development.! This represents a high-stakes bet on breaking existing competitive
equilibria through a radical technological shift, potentially creating new market leaders.’
e Entropy-Aware Optimization: While not directly about entropy minimization in the
same way as neuromorphic computing, quantum computing aims to solve problems



intractable for classical computers, particularly complex optimization problems.* This
capability, by finding more efficient solutions, implicitly reduces the "disorder" or
suboptimality in current systems. Investments are a long-term play on achieving
computational efficiency beyond classical limits, which can lead to a more ordered and
predictable outcome in complex problem-solving.'

e Viability Theory: Quantum computing's ability to solve intractable problems ' can
enhance the long-term viability of industries facing complex optimization or simulation
challenges, such as drug discovery or climate modeling.! Investments, though high-risk,
are about securing a pathway to future solutions that may be critical for societal and
economic resilience, ensuring the long-term survival of key sectors in the face of
escalating complexity.’

e Multi-Criteria Decision Analysis: Quantum computing scores very high on strategic
alignment due to its disruptive potential across multiple industries." Financial return is
long-term and hard to quantify initially, but the cost of not investing in this foundational
technology is considered significantly high." Resilience is a key factor, as it addresses
problems classical computing cannot. Regulatory and ethical considerations,
particularly concerning privacy, security, and potential misuse, are paramount and
require proactive engagement and the establishment of robust frameworks.*¢

5. DNA Computing

Core Functionality & Enabling Breakthroughs: DNA computing is an unconventional
computing paradigm that utilizes deoxyribonucleic acid (DNA) molecules, rather than
traditional silicon-based transistors, to perform computations.' This approach leverages the
inherent information storage capacity and self-assembly properties of DNA to solve complex
mathematical problems and manage data, offering a potential pathway for highly
energy-efficient computing and ultra-dense mass data storage.' The field of DNA computing
has been propelled by the rapid evolution of DNA fabrication techniques, including chemical
and enzymatic synthesis of oligonucleotides, automated DNA synthesis, and Polymerase
Chain Reaction (PCR) amplification.! Further advancements include the development of DNA
microarrays for high-throughput gene expression analysis, and DNA origami, which enables
the creation of nanoscale structures and devices from DNA." The broader field of synthetic
biology, which focuses on designing and engineering novel biological systems, also
contributes significantly to the capabilities of DNA computing.! Key commodities are synthetic
DNA, enzymes, and specialized bio-fabrication tools.’

Projected Timeline for Commercialization & Widespread Adoption: DNA computing is
currently in the research and experimental stages, with limited commercial applications.” Its
widespread adoption for general-purpose computing is a long-term prospect.! However, its
potential for mass data storage, offering chemically stable data retention for centuries,
suggests a very long-term timeline for practical implementation.’



Market Size & Growth Rate Projections: Specific market size and growth rate projections
for DNA computing as a standalone industry are not explicitly provided in the available
information, reflecting its nascent stage.' However, its foundational role in addressing future
computing challenges implies significant long-term potential.

Return on Investment (ROI) Summary & Value Proposition: The primary value proposition
of DNA computing lies in its potential to address one of the most critical systemic problems
facing Al and advanced computing: the escalating computational capacity demands reaching
an "extinction event" due to limitations in energy supply." As Moore's Law slows, DNA
computing offers a pathway to maintain sustainable progress in computational power by
providing a fundamentally different, energy-efficient computing paradigm.’ Furthermore, its
ability to store vast amounts of data with chemical stability for centuries offers a compelling
solution for long-term archival storage, far surpassing the longevity of conventional digital
media.’

Top Key Sectors/Applications: Potential applications include ultra-dense mass data storage,
particularly for archival purposes.’ In medicine, it could be applied to drug and vaccine
delivery systems." Other areas include microelectronics, microfluidics, and as an abrasive in
intricate manufacturing processes.' More broadly, it holds promise in medicine, agriculture,
bioengineering, and nanotechnology.’

Enabling Infrastructure & Ecosystem Requirements: The advancement of DNA computing
necessitates a convergence of technologies from diverse scientific disciplines, including
biology, chemistry, and optics.' This requires significant investment in advanced DNA
synthesis and fabrication techniques, as well as the development of specialized interfaces to
integrate biological components with traditional electronic systems.’

Associated Challenges, Risks, and Mitigation Strategies: Currently, DNA computing
remains cost-prohibitive and technically complex for widespread commercialization, requiring
significant breakthroughs to become competitive with silicon-based systems." Ethical
concerns related to the broader field of synthetic biology, including the potential for misuse or
unintended consequences, also pose significant challenges that require careful consideration
and robust regulatory frameworks.! Mitigation strategies involve sustained, long-term
research funding, the establishment of clear ethical guidelines, and collaborative efforts
across interdisciplinary teams to overcome technical hurdles and ensure responsible
development.

Strategic Investment Pathway (Application of Foresight Frameworks):

DNA computing represents a radical departure from conventional computing paradigms,
offering a potential solution to the fundamental physical limits of silicon-based systems,
particularly concerning energy consumption and data storage density.1 This approach
underscores a broader trend of drawing inspiration from biological systems to overcome
engineering challenges that traditional methods cannot resolve.1 Investing in this nascent field
is a long-term strategic play, a bet on a paradigm shift that could redefine the very nature of
computation and data management.1 It holds the promise of a sustainable path forward for
the exponentially growing data demands of Al and other advanced technologies,



fundamentally re-evaluating what constitutes "computing infrastructure" in the decades to
come.1

Game Theory (Nash Equilibrium): As a radical departure from silicon-based
computing, DNA computing could fundamentally disrupt the competitive landscape if it
achieves commercial viability.' Strategic investment now is a high-risk, high-reward play
to potentially establish a dominant position in a future computing paradigm, breaking
existing technology monopolies.' This involves anticipating a future market where
current computational limitations become critical bottlenecks, creating an opportunity
for a new dominant design.

Entropy-Aware Optimization: DNA computing's core value proposition is addressing
the "extinction event” of escalating energy demands for Al ", directly aligning with
entropy minimization in information processing. Its ultra-dense storage capacity also
minimizes the "disorder" of data sprawl. Investments here are a long-term bet on
achieving ultimate energy efficiency and sustainability in computation, fundamentally
re-evaluating "computing infrastructure" by leveraging natural, self-organizing
principles.’

Viability Theory: DNA computing offers a potential solution to the fundamental
physical limits of silicon-based systems (energy consumption, data storage density),
ensuring the long-term viability of exponentially growing data demands.' Investments
are guided by the principle of ensuring system survival within fundamental physical and
energetic constraints, providing a resilient pathway for future computational needs,
even if commercialization is decades away.'

Multi-Criteria Decision Analysis: DNA computing scores high on strategic alignment
due to its potential for a paradigm shift in computing.” Financial return is very long-term
and uncertain, with no explicit market size projections available." However, sustainability
and resource resilience are very high due to its energy-efficient and ultra-dense storage
capabilities.! Social acceptability and regulatory compatibility require significant
attention due to ethical concerns of synthetic biology, necessitating careful governance
and public dialogue.’

6. Bio-inspired Computing

Core Functionality & Enabling Breakthroughs: Bio-inspired computing is a field that seeks
to solve complex computer science problems by drawing models and principles from
biological systems.' This interdisciplinary approach encompasses concepts from
connectionism, social behavior, and emergence, and is a major subset of natural computation,
closely related to artificial intelligence (Al) and machine learning." It aims to replicate the
efficiency, adaptability, and robustness observed in natural biological processes.! The
development of bio-inspired computing has been driven by several foundational
breakthroughs. Early ideas trace back to Alan Turing's abstract computer models in 1936,



which were inspired by biological specimens.! The formal description of neural networks in
1943 by McCulloch and Pitts demonstrated that simple neuron systems could perform logical
operations, laying the groundwork for modern Al." Further advancements include the
development of algorithms inspired by ant colonies for clustering and optimization, as well as
Particle Swarm Optimization and Artificial Bee Colony algorithms." A significant recent
breakthrough is the development of brain-inspired chips, such as IBM's TrueNorth, which aim
to simulate neural structures for efficient information processing.! Key commodities include
specialized processors designed to mimic biological structures, algorithms that translate
biological principles into computational logic, and a growing body of knowledge from
neuroscience.

Projected Timeline for Commercialization & Widespread Adoption: While the theoretical
foundations of bio-inspired computing date back decades, its practical commercialization and
widespread adoption are still evolving.! IBM has been developing its brain-inspired chips for
nearly 10 years, indicating a long-term research and development cycle." New applications are
continuously emerging as our understanding of biological systems deepens.”

Market Size & Growth Rate Projections: Specific market size and growth rate projections
solely for "bio-inspired computing" are not explicitly provided in the available data, as its
influence is often embedded within broader Al and machine learning markets.! However, given
its foundational role in advancing Al, its growth is implicitly tied to the significant expansion of
the Al sector.

Return on Investment (ROI) Summary & Value Proposition: Bio-inspired computing offers
the potential for enhanced problem-solving capabilities for highly complex tasks, particularly
those involving pattern recognition, optimization, and adaptive learning.' Its value proposition
includes the development of more robust and adaptable Al systems that can operate
efficiently in dynamic and uncertain environments." By learning from the brain's information
processing mechanisms, this field aims to create Al that is more resilient to noise, bias, and
unforeseen circumstances.’

Top Key Sectors/Applications: The primary applications of bio-inspired computing are
found within the fields of artificial intelligence and machine learning, where it informs the
design of more sophisticated algorithms." It is also highly relevant to robotics, enabling more
autonomous and adaptive robotic systems." Pattern recognition, a core component of many Al
applications, is another significant area of impact.! Other applications include healthcare,
transport systems, logistic chains, smart grids, smart cities, and Industry 4.0.%

Enabling Infrastructure & Ecosystem Requirements: Continued progress in brain science
and neuroscience is a fundamental requirement, as deeper understanding of biological
information processing mechanisms provides the necessary basis for new computational
models.! This includes research into multi-scale structures and functional mechanisms of
brains, from microscopic neurons to macroscopic brain regions.” Investment in
interdisciplinary research collaborations between biologists, neuroscientists, computer
scientists, and engineers is crucial.”

Associated Challenges, Risks, and Mitigation Strategies: A significant challenge lies in



accurately translating the immense complexity of biological systems into scalable and
computationally feasible models." The intricate, multi-scale nature of the brain, for instance,
presents formidable modeling and simulation hurdles.” Bridging the gap between theoretical
biological models and practical hardware implementations also remains a complex task.'
Ethical concerns may arise from the integration of Al into robotic decision-making processes,
raising questions about accountability and privacy.*® Mitigation strategies include focusing on
specific, tractable biological principles for emulation, fostering strong interdisciplinary
research teams, and developing specialized hardware architectures that can efficiently
execute bio-inspired algorithms.

Strategic Investment Pathway (Application of Foresight Frameworks):

Bio-inspired computing offers the potential for enhanced problem-solving capabilities for
highly complex tasks, particularly those involving pattern recognition, optimization, and
adaptive learning.1 Its value proposition includes the development of more robust and
adaptable Al systems that can operate efficiently in dynamic and uncertain environments.1 By
learning from the brain's information processing mechanisms, this field aims to create Al that
is more resilient to noise, bias, and unforeseen circumstances.1

e Game Theory (Mean Field Games): Bio-inspired algorithms often model collective
behavior, such as swarm intelligence.> Investments in bio-inspired Al can lead to more
sophisticated multi-agent systems that learn and adapt collectively, potentially
influencing large-scale market dynamics or optimizing complex decentralized
deployments.’ This approach seeks to leverage the emergent intelligence of large
populations for problem-solving.

e Entropy-Aware Optimization: By mimicking natural systems' efficiency and
adaptability, bio-inspired computing aims to create Al that is more resilient to noise and
uncertainty.’ This aligns with reducing inherent disorder in complex systems.
Investments support the development of algorithms and hardware that are intrinsically
robust and energy-efficient, drawing from nature's optimized solutions for information
processing and system design.”

e Viability Theory: The robustness and adaptability of bio-inspired systems ' contribute
to their long-term viability in dynamic and uncertain environments. Investments are
about building Al systems that can achieve "satisficing" outcomes within evolving
constraints, ensuring long-term survival and resilience rather than just short-term
optimal performance.' This is particularly relevant for autonomous systems operating in
unpredictable real-world conditions.

e Multi-Criteria Decision Analysis: Bio-inspired computing scores high on strategic
alignment (advancing Al capabilities) and resilience (robust, adaptable systems).” Its
potential for operational efficiency is also significant through optimized
problem-solving. Financial returns are implicitly tied to the broader growth of the Al and
machine learning sectors.' Social and ethical considerations, particularly concerning
human-like Al and potential job displacement, require careful management and
transparent development to ensure societal acceptance.®®



7. Bio-integrated/Organic Electronics

Core Functionality & Enabling Breakthroughs: Bio-integrated and organic electronics
represent a convergence of material science, biology, and electronics.! Organic electronics
focus on materials, primarily carbon-based, that exhibit electrical conductivity, enabling the
development of flexible, transparent, and energy-efficient electronic components.
Bio-integrated electronics take this a step further by seamlessly merging biological
components (e.g., cells, tissues, biomolecules) with electronic circuits, leading to novel
functionalities in areas like advanced biosensors, implantable medical devices, and
human-machine interfaces." Key breakthroughs include the development of new organic
semiconductors that can compete with traditional silicon counterparts in performance while
offering lower production costs." Advancements in printable and flexible electronics allow for
the creation of devices on unconventional substrates such as plastics and paper, enabling
bendable smartphones and smart packaging.! The integration of these organic materials with
conventional silicon-based technologies further enhances functionality while maintaining
cost-effectiveness.' Progress in microelectronics and nanotechnology has also been crucial
for the miniaturization and precision required for bio-integration." Core commodities include
specialized organic polymers, conductive inks, and biocompatible materials.’

Projected Timeline for Commercialization & Widespread Adoption: Significant
developments in organic electronics are anticipated by 2025, with a trajectory towards
broader commercialization.! The integration of these materials into consumer electronics is
already evident with OLEDs, and further widespread use is expected.”

Market Size & Growth Rate Projections: The market for biopolymers in the electrical and
electronics sector is projected to grow from $82.85 million in 2024 to $138.88 million by 2030,
at a CAGR of 8.95%." Another estimate places the biopolymers in electrical and electronics
market at $85.67 million in 2024, reaching $313.41 million by 2030 with a higher CAGR of
16.31%." The broader organic electronics market size was valued at $0.569 trillion in 2024 and
is projected to reach $3.455 trillion by 2032, exhibiting a substantial CAGR of 28.10% from
2026-2032.' The Bioelectronics and Biosensors Market, a key segment, was valued at $31.78
billion in 2023 and is projected to reach $65 billion by 2030, with a CAGR of 9.32%."

Return on Investment (ROI) Summary & Value Proposition: These technologies offer
compelling value by enabling less expensive production processes compared to traditional
silicon-based manufacturing.! They facilitate the creation of thinner, lighter, and more
energy-efficient devices." Furthermore, they promise improved durability, enhanced
functionality, and inherent sustainability, reducing the need for frequent replacements and
minimizing environmental impact.’

Top Key Sectors/Applications: Key applications include consumer electronics, leading to
more vibrant displays (OLEDs), and thinner, lighter, and more energy-efficient televisions,
smartphones, and wearables.' In healthcare, organic and bio-integrated electronics enable



more efficient, portable, and user-friendly health monitoring devices, biosensors, and
potentially implantable systems for real-time data collection.! Energy storage is another
significant area, with innovations in flexible and sustainable battery components.! Additionally,
biopolymers are increasingly used in packaging due to growing environmental awareness."
Enabling Infrastructure & Ecosystem Requirements: Significant investment in research and
development (R&D) is crucial to advance material science and production techniques.' The
growing demand for eco-friendly materials and supportive regulatory measures are essential
market drivers.! The integration of Al and machine learning is also playing a role in optimizing
material discovery and design processes.’

Associated Challenges, Risks, and Mitigation Strategies: A primary challenge is
competing with conventional plastics and silicon in terms of durability and cost-effectiveness,
as biopolymers can be 20-100% more expensive to produce.! Recyclability remains a complex
issue for some bio-integrated materials.” The high cost of advanced bioelectronics products
can also limit widespread adoption.! Mitigation strategies involve continued R&D to drive down
production costs and improve material performance, the development of robust recycling
infrastructure, and supportive government policies that incentivize the adoption of
sustainable materials.’

Strategic Investment Pathway (Application of Foresight Frameworks):

The convergence of sustainability and performance is a defining characteristic of
bio-integrated and organic electronics.1 This area of investment is critical because
environmental considerations are not merely an add-on but a direct driver of technological
innovation and market expansion.1 The shift towards these materials is not solely about
finding "green" alternatives; it is about developing materials that offer superior performance
attributes, such as flexibility, enhanced energy efficiency, and biocompatibility, while
simultaneously reducing the environmental footprint.1 This implies that future competitive
advantage will increasingly originate from materials science breakthroughs that embed
sustainability from the initial design phase, rather than treating it as a secondary
consideration.1 The robust market growth projections underscore a strong trajectory for
companies that successfully integrate these materials, suggesting a significant competitive
edge in the evolving electronics landscape.1

e Game Theory (Nash Equilibrium): The competitive landscape in electronics is
dominated by silicon-based technologies. Bio-integrated/organic electronics, with their
unique properties like flexibility, transparency, and inherent sustainability ', can create a
new market equilibrium based on these differentiators.” Investment can target firms that
achieve cost-competitiveness and scalable manufacturing, thereby disrupting the
established market and forcing competitors to adapt or risk obsolescence.

e Entropy-Aware Optimization: These technologies offer inherent sustainability and
energy efficiency, leading to lower production costs and reduced environmental
impact.’ Investments align with entropy minimization by reducing waste and energy
consumption throughout the product lifecycle. This is a "sustainable-by-design"
approach that optimizes for long-term operational stability and reduced environmental



disorder, transforming a thermodynamic concept into a strategic investment criterion.

e Viability Theory: Bio-integrated/organic electronics contribute to long-term viability by
reducing reliance on finite resources and minimizing environmental impact.' This
enhances the "sustainable operating space" for the electronics industry. Investments
are aimed at technologies that ensure system survival within ecological limits, fostering
resilient product ecosystems that are robust against future resource shocks and
environmental regulations.’

e Multi-Criteria Decision Analysis: This technology cluster scores high on sustainability,
operational efficiency (energy savings), and potential financial return, with market
projections reaching trillions." Strategic alignment is strong given the global push
towards green transformations. Regulatory compatibility requires supportive measures
to overcome initial cost hurdles and ensure widespread adoption.’

B. Sustainable Energy & Climate Tech

This cluster addresses the urgent global need for decarbonization and climate resilience,
focusing on innovations that provide clean energy, manage carbon, and build sustainable
infrastructure.” Investments here are crucial for mitigating climate change and ensuring
long-term resource security.'

8. Small Modular Reactors (SMRs)

Core Functionality & Enabling Breakthroughs: Small Modular Reactors (SMRs) are
advanced nuclear reactors designed to be significantly smaller than conventional nuclear
power plants, typically ranging from tens to hundreds of megawatts in size.! They offer a
versatile solution for power generation, industrial process heat, desalination, and other
specialized industrial uses.” Their design emphasizes unparalleled scalability, inherent safety
features, and low-carbon intensity, positioning them as a critical component of future energy
security.! The viability of SMRs is driven by their modular nature and standardized production
models, which allow for factory fabrication and assembly, reducing construction complexity
and costs.! Enhanced safety features, often incorporating passive safety systems, are integral
to their design.” The ability to be deployed in diverse locations, including sites unsuitable for
larger nuclear plants, expands their applicability.! A notable breakthrough is the development
of advanced fuels like TRISO-X, designed to prevent meltdown scenarios and enhance safety.’
Key commodities include specialized nuclear fuels (e.g., TRISO-X), advanced manufacturing
techniques, and modular components.”

Projected Timeline for Commercialization & Widespread Adoption: Light water-cooled
SMRs are currently undergoing licensing review and are anticipated to be deployed in the late
2020s to early 2030s." Commercial viability has been demonstrated by projects like Fervo



Energy's 500 MW Cape Station, which shows competitive pricing without subsidies.’
X-Energy's Xe-100 plant, a high-temperature gas-cooled SMR, is aimed for operation in the
early next decade.’ The Pentagon’s Project Pele, a 5 MWe mobile SMR, is slated for
deployment by 2026.%® Canada’s Darlington SMR project is expected to be the first
grid-connected SMR in the G7 by early 2030s.%3

Market Size & Growth Rate Projections: Global investments in SMRs are projected to
surpass $300 billion by 2040." While the overall global SMR market is expected to grow at a
CAGR of 0.73% through 2033, reaching $1.92 billion in the European market alone, these
figures may underestimate the broader investment interest driven by their strategic value.
The market was valued at $6.3 billion in 2024 and is projected to grow to $6.9 billion in 2025,
reflecting a CAGR of 9.1%, and is anticipated to reach $13.8 billion by 2032 at a CAGR of
9.1%.5

Return on Investment (ROI) Summary & Value Proposition: SMRs offer a compelling ROI
due to significantly lower upfront capital costs, with individual units typically requiring $1
billion to $2.5 billion, compared to multi-billion-dollar commitments for traditional
gigawatt-scale plants.’ Their modular deployment strategy allows for incremental investments
and quicker revenue generation." The Levelized Cost of Electricity (LCOE) for SMRs is
estimated at $50-$75 per MWh, making them competitive with intermittent renewables like
solar and wind, but with the added advantage of continuous, dispatchable power.’
Furthermore, SMRs offer co-generation capabilities, providing not only electricity but also
industrial heat and hydrogen production.’ Hydrogen electrolysis powered by SMRs can reduce
green hydrogen costs by up to 40% compared to renewable-powered alternatives,
significantly strengthening their economic feasibility.’

Top Key Sectors/Applications: SMRs are critical for supporting digital infrastructure and
industrial operations, providing reliable power for data centers and manufacturing.' Beyond
electricity generation, they are applicable for process heat, desalination, and various
industrial uses.! They are also relevant for national security (deployable microreactors for
forward operating bases) and humanitarian initiatives (off-grid electricity solutions).®®
Repowering coal plants with nuclear microreactors offers a direct path to decarbonization.®®
Enabling Infrastructure & Ecosystem Requirements: Significant government support for
research, development, and deployment is crucial for accelerating SMR commercialization.'
The establishment of streamlined regulatory frameworks and efficient permitting processes is
also essential.! Developing advanced manufacturing capabilities and techniques to improve
the cost and efficiency of nuclear construction is a key enabler.’

Associated Challenges, Risks, and Mitigation Strategies: Key challenges include
navigating complex financing models, ensuring attractive ROI for private investors, and
securing timely regulatory approvals.' Significant technology development and licensing risks
persist for advanced SMR designs." The extensive documentation requirements for SMR
projects also present a hurdle.' Regulatory uncertainties and public perception concerns
remain.®* Mitigation strategies involve continued government incentives, fostering



public-private partnerships, and standardizing designs to streamline regulatory processes
and reduce project timelines.’

Strategic Investment Pathway (Application of Foresight Frameworks):

Small Modular Reactors represent a strategic investment for bridging the gap to a stable,
decarbonized energy future.1 They address a critical need for reliable, dispatchable, and
scalable baseload power that can effectively complement intermittent renewable energy
sources like solar and wind.1 Their inherent modularity and lower capital intensity make them
more financially attractive and deployable compared to traditional large-scale nuclear plants,
thereby accelerating decarbonization efforts, particularly in energy-intensive sectors like
heavy industry and digital infrastructure.1 This positions SMRs not merely as an energy source
but as a foundational element for ensuring grid stability and enabling broader industrial
decarbonization, attracting diverse investments beyond conventional utility companies.1

e Game Theory (Nash Equilibrium): SMRs, as a 24/7 clean power source, can disrupt
energy markets dominated by intermittent renewables or fossil fuels." Investments can
influence energy policy and grid infrastructure development, shaping the competitive
landscape for baseload power." This involves anticipating a future where reliable,
dispatchable clean energy becomes a critical competitive advantage, potentially leading
to a new market equilibrium.

e Entropy-Aware Optimization: SMRs provide stable, dispatchable power, inherently
reducing the "disorder" of intermittent renewable energy sources on the grid.! Their
modularity and factory production approach also aim to reduce complexity and
increase predictability in deployment.! Investments align with minimizing system entropy
for grid stability and efficient resource allocation, contributing to a more resilient and
predictable energy system.’

e Viability Theory: SMRs are crucial for long-term energy security and decarbonization,
ensuring grid stability and enabling industrial decarbonization." Their lower capital
intensity and flexible deployment make them a more viable solution for sustainable
energy transitions. Investments are guided by ensuring the long-term resilience of
energy systems within climate and resource constraints, defining a sustainable
operating boundary for energy supply.’

e Multi-Criteria Decision Analysis: SMRs score high on strategic alignment
(decarbonization, energy security), operational efficiency (24/7 dispatchable power),
and financial return (lower CAPEX, competitive LCOE)." Regulatory compatibility is
improving but remains a challenge due to complex documentation and public
perception.' Social acceptability requires continuous engagement to address concerns
related to nuclear energy.

9. Distributed Fusion Microgrids

Core Functionality & Enabling Breakthroughs: Distributed Fusion Microgrids represent a
visionary approach to energy generation, harnessing the power of nuclear fusion to produce



virtually limitless, clean energy.' The concept envisions modular, container-sized fusion
generators that can be flexibly integrated into various energy systems, offering decentralized
and resilient power solutions.! The path to commercial fusion has been significantly
accelerated by a series of critical breakthroughs. These include successful demonstrations of
fusion ignition, such as those achieved at Lawrence Livermore National Laboratory." Key
advancements in plasma stability, exemplified by TAE Technologies' "Norm" device, and the
development of high-temperature superconducting magnets by Commonwealth Fusion
Systems (CFS), are proving crucial for achieving and maintaining fusion conditions.! The
achievement of critical plasma temperatures, as demonstrated by Helion Energy's Trenta
prototype, further validates the scientific feasibility." Key commodities include specialized
high-temperature superconducting materials, advanced plasma confinement technologies,
and aneutronic fuels like hydrogen-boron for cleaner reactions.! Microgrids themselves are
groups of interconnected loads and distributed energy resources that can connect and
disconnect from the main grid, improving reliability and resilience.”

Projected Timeline for Commercialization & Widespread Adoption: The timeline for
commercial fusion energy is rapidly converging. TAE Technologies aims for its first commercial
fusion power plant, "Da Vinci," to be operational in the early 2030s.! CFS's ARC reactor is also
projected to be operational in the early 2030s." Helion Energy has an ambitious plan to deliver
commercial fusion power to the grid by 2028, backed by a Power Purchase Agreement (PPA)
with Microsoft.! The global microgrid market is projected to rise from $42.6 billion in 2025 to
$227.8 billion by 2035.7

Market Size & Growth Rate Projections: While specific market size projections for
"Distributed Fusion Microgrids" are not yet widely available, the overall private equity funding
in the fusion energy sector has already exceeded $7.1 billion globally by early 2025, indicating
a strong surge in investment and confidence in its commercial viability.! This significant capital
inflow suggests a rapidly expanding market in the coming decades. The fusion energy sector
could reach $40-80 billion by 2035 and potentially exceed $350 billion by 2050 if
technological milestones are achieved.™ The global microgrid market is projected to rise from
$42.6 billion in 2025 to $227.8 billion by 2035, representing a CAGR of 18.25%."

Return on Investment (ROI) Summary & Value Proposition: Fusion energy offers the
ultimate promise of limitless clean energy, providing a long-term solution to global energy
demands and climate goals." Breakthroughs like TAE's "Norm" device promise to reduce future
reactor costs by up to 50%, significantly enhancing the economic viability of fusion power."
The focus on modular, container-sized generators, particularly by companies like Helion,
allows for flexible integration into various energy systems, facilitating decentralized
deployment and enhancing grid resilience.” Microgrids themselves provide efficient, low-cost,
clean energy and enhance local resiliency.”

Top Key Sectors/Applications: Primary applications include large-scale power generation,
serving industrial energy needs, and providing dedicated power for energy-intensive facilities
like data centers.! The modular nature could also enable specialized microgrids for remote
communities or critical infrastructure.” Other potential applications include desalination plants



and advanced manufacturing.”

Enabling Infrastructure & Ecosystem Requirements: The acceleration of fusion energy
commercialization requires substantial private sector funding and sustained investment.”
Strategic collaborations with major tech giants, such as Google and Microsoft, are crucial for
both financial backing and the development of necessary infrastructure and Al for control
systems." Continued R&D in materials science and plasma physics is also essential.' For
microgrids, key components include various electrical loads, energy storage devices
(batteries), localized energy generation (photovoltaic solar cells), and control systems.”
Associated Challenges, Risks, and Mitigation Strategies: Despite recent advancements,
widespread commercial fusion power plants are still considered a future technology, facing
significant scientific and technical challenges that require further innovation." The complexity
of achieving sustained, net-energy-gain fusion remains a formidable hurdle. Economic
viability also remains uncertain, with cost-competitiveness dependent on reducing capital
expenses and achieving high capacity factors.” Mitigation strategies involve a continued
focus on incremental breakthroughs that de-risk the technology, fostering international
collaboration to share knowledge and resources, and securing long-term, patient capital that
understands the extended development timelines.’

Strategic Investment Pathway (Application of Foresight Frameworks):

Fusion energy, historically viewed as a distant prospect, is now showing concrete signs of
commercial viability within the next decade, driven by a series of incremental breakthroughs
and a surge in private investment.1 The emphasis on "distributed fusion microgrids," inferred
from the development of modular and container-sized fusion generators, is a crucial
development.1 This implies a future vision for decentralized, resilient energy systems, moving
beyond the traditional model of large-scale centralized power plants.1 The significant private
investment and the emergence of corporate Power Purchase Agreements (PPAs) with major
tech companies indicate a growing confidence that fusion is transitioning from pure scientific
research to a deployable energy solution.1 This makes fusion a high-potential, long-term
investment that could fundamentally reshape global energy landscapes by providing a clean,
virtually limitless power source.1

e Game Theory (Nash Equilibrium & Mean Field Games): The shift towards distributed
energy systems "° and the modular nature of fusion microgrids ' create a new market
dynamic. Strategic investments can influence the adoption curve of decentralized
energy, potentially creating a "tipping point" where collective action accelerates
deployment.” The emergence of corporate PPAs with major tech companies ' serves as
a strong signal, shaping market expectations and driving further investment, aligning
with the Mean Field Games concept of anticipation effects.’

e Entropy-Aware Optimization: Fusion offers virtually limitless clean energy,
fundamentally reducing the "disorder" of energy scarcity." Distributed microgrids, with
smart controls, optimize energy flow and enhance resilience ", minimizing system
entropy. Investments target foundational shifts in energy production that promise
superior long-term operational stability and efficiency, contributing to a more ordered



and predictable global energy system.”

e Viability Theory: Fusion microgrids represent the ultimate long-term energy solution,
ensuring the indefinite viability of energy supply within environmental constraints.’
Investments are a high-potential, long-term play to secure a sustainable energy future,
guided by the principle of defining "safe operating spaces" for energy systems that are
robust against resource depletion and climate impacts.”

e Multi-Criteria Decision Analysis: Distributed fusion microgrids score exceptionally
high on strategic alignment (climate goals, energy security) and long-term sustainability
(limitless clean energy)." Financial returns are high-potential but long-term, with
significant private capital already flowing into the sector.” Operational efficiency is high
due to their decentralized, resilient nature.” Regulatory compatibility is evolving, with
specific guidelines for fusion facilities being developed.™

10. Sustainable Aviation Fuel (SAF) Production

Core Functionality & Enabling Breakthroughs: Sustainable Aviation Fuel (SAF) is a cleaner,
renewable alternative to conventional jet fuel, derived from diverse feedstocks such as
biomass and waste resources. Its primary function is to significantly reduce lifecycle carbon
emissions from aviation, with the potential to achieve reductions of up to 80% compared to
traditional fossil fuels." The expansion of SAF production is driven by advancements in
feedstock processing and refining technologies, allowing for efficient conversion of various
sustainable raw materials into aviation-grade fuel.' The integration of Al is increasingly playing
a role in optimizing production processes, enhancing efficiency, and accelerating the
transition to sustainable aviation." Power-to-Liquid (PtL) technologies, which produce aviation
fuels from green hydrogen and captured carbon dioxide, represent another significant
breakthrough, offering a pathway for synthetic SAF production.' Key commodities include
diverse biomass and waste feedstocks, green hydrogen, captured CO2, and specialized
catalysts and biorefinery technologies.”’

Projected Timeline for Commercialization & Widespread Adoption: Global demand for
SAF is projected to reach 17 million tonnes per annum (Mt/a) by 2030, representing 4-5% of
total jet fuel consumption.! To meet this demand, an additional 5.8 Mt of capacity is required,
necessitating final investment decisions by 2026 for new production facilities.! In the UK, a
Power-to-Liquid (PtL) obligation is set to begin in 2028, incrementally rising to 4.4% of
aviation fuel by 2040." Europe has regulatory requirements for SAF: 2% by 2025, 6% by 2030,
20% by 2035, and 70% by 2050.8

Market Size & Growth Rate Projections: The SAF market size is estimated at $2.06 billion in
2025 and is projected to reach $25.62 billion by 2030, demonstrating a remarkable
Compound Annual Growth Rate (CAGR) of 65.5%." In terms of volume, the market is expected
to grow from 0.30 billion gallons in 2025 to 3.68 billion gallons by 2030.7° The global
sustainable aviation fuel market was valued at $1.7 billion in 2024 and is estimated to grow at



a CAGR of 46.2% from 2025 to 2034.%

Return on Investment (ROI) Summary & Value Proposition: Investing in SAF production
offers multiple benefits. It helps companies reduce regulatory costs and capitalize on
opportunities related to fuel efficiency and light weighting in the aviation sector.! The
expansion of SAF production also creates new economic opportunities in agricultural and
urban communities involved in feedstock supply and biorefinery operations. Furthermore,
SAF contributes to improved aircraft performance by reducing local emissions around airports
and potentially mitigating contrail formation, enhancing the environmental profile of aviation.
A major short-term challenge is the current high cost of SAF, which is projected to remain two
to three times higher than conventional jet fuel until 2030."

Top Key Sectors/Applications: The primary application is commercial aviation, which is
projected to account for the largest market share due to growing global air travel and
environmental concerns.! Government and military sectors are also significant users, driven by
the need to reduce greenhouse gas emissions and enhance long-term operational resilience.’
Non-scheduled operators are another growing segment, influenced by increasing passenger
focus on low-carbon travel options." The broader ecosystem includes feedstock production in
farming communities and the construction and manufacturing of biorefineries.’

Enabling Infrastructure & Ecosystem Requirements: Scaling SAF production requires
long-term offtake agreements from airlines to provide demand certainty for producers,
thereby attracting necessary funding for production facilities." International policy alignment
and consistent subsidies are crucial to incentivize production and create a level playing field
for investment." Significant investments are needed in SAF production units, logistics facilities,
and blending systems across the globe." Continued research and development (R&D) for new
feedstocks and more efficient production processes are also essential.’

Associated Challenges, Risks, and Mitigation Strategies: A major short-term challenge is
the current high cost of SAF, which is projected to remain two to three times higher than
conventional jet fuel until 2030." Limited supply is another significant barrier to widespread
adoption.! Geopolitical tensions can impact the supply of feedstocks, further squeezing
margins and affecting production outlooks." Infrastructure limitations for blending and
distribution also pose challenges." Furthermore, not all countries possess the necessary
resources and infrastructure to support large-scale SAF production.” Mitigation strategies
include strong government policy support through mandates and incentives, fostering
public-private partnerships to de-risk investments, and continued R&D to drive down
production costs and diversify feedstocks."

Strategic Investment Pathway (Application of Foresight Frameworks):

The rapid projected growth of the Sustainable Aviation Fuel (SAF) market is highly contingent
on a strong policy pull and extensive cross-sectoral collaboration.1 The existence of a
"chicken-and-egg problem"—where supply is limited due to uncertain demand and high
costs, while demand is limited by low supply and high prices—highlights that technological
advancements alone are insufficient.1 Concerted action between industry stakeholders and
governments is essential to create a level playing field for investment and to drive the



necessary scale-up in production.1 This implies that investment pathways must actively
engage with policy development and public-private partnerships to de-risk projects and
accelerate commercialization from laboratory-scale innovations to widespread market
availability.1 The rapid Compound Annual Growth Rate (CAGR) projected for SAF is therefore a
forecast dependent on these enabling conditions, rather than an assured outcome.1

e Game Theory (Coordination Game): SAF production faces a "chicken-and-egg
problem" where supply and demand are mutually dependent and stuck in a suboptimal
equilibrium.! Investment pathways must actively engage with policy development and
public-private partnerships to de-risk projects and accelerate scale-up, thereby
steering the market towards a more favorable, high-adoption equilibrium." This requires
anticipating and influencing the collective actions of airlines, fuel producers, and
governments.

e Entropy-Aware Optimization: SAF production optimizes resource utilization
(waste/biomass feedstocks) and significantly reduces the "disorder" of carbon
emissions from aviation.! Investments in Al for process optimization ' and
Power-to-Liquid (PtL) technologies that offer cleaner reactions ® align with entropy
minimization in industrial processes, leading to enhanced efficiency and reduced
environmental impact.’

e Viability Theory: SAF is critical for the long-term viability of the aviation industry within
climate constraints, particularly the net-zero by 2050 target.® Investments are essential
for ensuring the industry's sustainable operating boundaries, even if not immediately
"optimal" in a narrow economic sense.' This is about securing the continued existence
of air travel in a carbon-constrained future.

e Multi-Criteria Decision Analysis: SAF scores high on sustainability (significant
emission reduction) and strategic alignment (decarbonization goals).! While it has a
high projected growth rate (CAGR 65.5%) ', its financial viability is challenged by high
production costs, requiring policy support to bridge the price gap.' Regulatory
compatibility is crucial, with blending mandates and financial incentives driving
adoption.®2

11. Direct Air Capture (DAC) Technologies

Core Functionality & Enabling Breakthroughs: Direct Air Capture (DAC) technologies are
designed to remove carbon dioxide (CO2) directly from the ambient atmosphere,
distinguishing them from conventional carbon capture methods that target point sources.”
These systems typically employ large fans to draw in massive volumes of air, where the CO2
then binds with specialized carbon-loving solvents or sorbents." Once captured, the CO2 can
be either permanently stored in secure geological formations or utilized as a feedstock for
various commercial products.’ The advancement of DAC is driven by several key
breakthroughs. The modular design of many DAC plants allows for scalability while



maintaining a relatively small physical footprint.! Innovations in materials science are leading
to the development of semi-continuous sorbent processes or liquid solvents that can be
regenerated at lower temperatures, significantly reducing energy demands." More disruptive
electrochemical methods are also emerging, promising even greater energy efficiency and
flexibility with intermittent renewable energy sources.’ Key commodities include specialized
sorbents and solvents, renewable energy sources, and infrastructure for CO2 transport and
storage.!

Projected Timeline for Commercialization & Widespread Adoption: To achieve
gigaton-scale CO2 removal by 2050, experts indicate that the cost of DAC needs to drop
significantly, ideally below $100 per ton." Large-scale commercial facilities are already under
construction, with 1PointFive's Stratos facility, designed for megatonne-scale capture,
scheduled to come online in 2025."

Market Size & Growth Rate Projections: The global DAC market size was valued at $103.4
million in 2024, is estimated at $166.37 million in 2025, and is projected to reach $50.09 billion
by the end of 2037, demonstrating an extraordinary Compound Annual Growth Rate (CAGR) of
60.9% from 2025-2037." The broader global carbon market, which includes DAC, is expected
to reach $100 billion by 2030.! The global carbon dioxide utilization market is estimated to be
valued at $5.88 billion in 2025 and is expected to reach $14.38 billion by 2032, exhibiting a
CAGR of 13.6%.%

Return on Investment (ROI) Summary & Value Proposition: DAC presents a substantial
economic opportunity, with an estimated $1 trillion market for “"carbontech” products made
from captured CO2." At full scale, it could create at least 300,000 new jobs in construction,
engineering, and manufacturing by mid-century.' The monetization of carbon credits provides
an additional revenue stream, with verified credits being sold at premium prices." Government
tax credits, such as the US 45Q tax credit ($180/tonne of CO2 captured) and Canada's
Investment Tax Credit (covering 60% of capital expenses), are crucial for bridging the cost
gap and de-risking early investments."

Top Key Sectors/Applications: Captured CO2 can be used for permanent geological
storage, as a component in building materials like concrete, or converted into synthetic fuels,
beverages, and packaging.' DAC is also a crucial tool for offsetting emissions from
hard-to-abate sectors like heavy industry, aviation, and maritime transport.’

Enabling Infrastructure & Ecosystem Requirements: The successful scaling of DAC
requires significant investment in carbon utilization and storage infrastructure, including CO2
pipeline networks and dedicated geological sequestration sites.! Robust policy incentives,
such as those provided by the US Inflation Reduction Act and Infrastructure Investment and
Jobs Act, are essential for driving deployment and attracting private capital.”

Associated Challenges, Risks, and Mitigation Strategies: A primary challenge is the
currently high cost of DAC, ranging from $250-$600 per tonne, significantly above the target
of $100 per tonne.! High initial capital expenditures and substantial energy consumption for
establishing and operating DAC systems also pose significant impediments.' The absence of
clear and consistent regulatory frameworks can hinder investment and market development.’



Mitigation strategies include sustained public and private investment in R&D to drive down
costs, the development of robust carbon markets to create demand for captured CO2, and
the establishment of clear, long-term policy incentives to de-risk projects and accelerate
scale-up.”

Strategic Investment Pathway (Application of Foresight Frameworks):

Direct Air Capture (DAC) technologies are a critical component of global climate mitigation
efforts, particularly for achieving net-zero emissions by 2050.1 The technology's ability to
remove legacy CO2 from the atmosphere and address emissions from hard-to-abate sectors
positions it as an indispensable tool.1 However, the current economic viability of DAC is heavily
reliant on significant cost reductions and robust policy support.1 The impressive projected
Compound Annual Growth Rate (CAGR) is contingent upon overcoming the high
implementation costs and the establishment of clear, long-term regulatory frameworks that
incentivize both deployment and continued innovation.1 Investment in DAC is therefore a
strategic bet on the future of carbon management, requiring patient capital and a
commitment to fostering a new industrial ecosystem that is both clean and profitable.1

e Game Theory (Coordination Game): DAC's high initial cost ' requires coordinated
investment and policy support to de-risk and scale. Governments and industries need to
signal commitment to create a "collective optimistic outlook" that drives mutual
investment, moving away from a "no-investment" equilibrium." This involves anticipating
how collective action can accelerate the maturation of this nascent market.

e Entropy-Aware Optimization: DAC directly reduces atmospheric CO2, a form of
environmental "disorder." Investments in energy-efficient DAC technologies ' and those
that integrate with renewable energy sources " align with entropy minimization at a
macro-environmental level, contributing to global climate resilience and a more ordered
planetary system.’

e Viability Theory: DAC is a critical tool for achieving net-zero emissions by 2050." It
defines a "sustainable operating space” for human industrial activity by actively
removing legacy emissions, which is essential for the long-term viability of a livable
planet.” Investments are a strategic bet on the future of carbon management, ensuring
the long-term survival of human civilization within planetary boundaries.

e Multi-Criteria Decision Analysis: DAC scores very high on sustainability (direct CO2
removal) and strategic alignment (net-zero goals).! Financial viability is heavily
dependent on significant cost reduction and robust policy support.' Regulatory
compatibility is a major challenge, requiring clear, long-term frameworks to incentivize
deployment and innovation." Social acceptability needs to address concerns about
energy consumption and land use.

12. Advanced Geothermal Energy Systems (EGS)

Core Functionality & Enabling Breakthroughs: Enhanced Geothermal Systems (EGS)
represent a significant advancement over traditional geothermal energy, enabling the



extraction of heat from hot dry rock formations that lack sufficient natural permeability or
fluid." EGS involves injecting fluid deep underground under controlled conditions to create or
re-open fractures, thereby creating a human-made reservoir for fluid circulation and heat
exchange." This allows for the generation of 24/7, reliable, and low-carbon electricity, making
geothermal energy accessible in a much wider range of locations beyond traditional
high-temperature sites." Breakthroughs in EGS include significant improvements in drilling
rates and successful rock stimulation techniques.' The development of advanced geothermal
systems (AGS) and super-hot rock technology, which target extremely high temperatures at
greater depths, further expands the resource base.' The ability to adapt technologies and
expertise from the oil and gas industry, particularly in drilling and subsurface engineering, is a
crucial enabler for EGS expansion.' Key commodities include specialized drilling equipment,
high-temperature resistant materials, and advanced subsurface imaging and simulation tools.
Projected Timeline for Commercialization & Widespread Adoption: Commercial viability
of next-generation geothermal technologies has been demonstrated, exemplified by Fervo
Energy's 500 MW Cape Station project, which shows competitive pricing without subsidies.
The US Department of Energy (DOE) supports projects aimed at domestic deployment of EGS
by the late 2020s or early 2030s." Geothermal electricity-generating capacity has the
potential to expand 20-fold in the United States by 2050." First-of-a-kind facilities are slated
to come online by 2026.°" EGS price estimates are projected to reach $80 per megawatt hour
by the end of the decade and $50 by 2035.""

Market Size & Growth Rate Projections: North America's geothermal sector attracted $1.7
billion in public funding in Q1 2025 alone, representing 85% of 2024's entire annual allocation,
indicating a rapid surge in investment.' The global geothermal power market is projected to
reach $11.4 billion by 2034." Currently supplying less than 1% of global energy needs,
geothermal could provide 15% of worldwide power by 2050." The total potential US
geothermal capacity exceeds 500 GW.'

Return on Investment (ROI) Summary & Value Proposition: EGS offers reliable, 24/7 clean
power, balancing intermittent renewable sources like wind and solar.” It has low operating
costs and a small land footprint compared to many other energy-generation technologies.’
The ability to unlock vast untapped resources beyond traditional geothermal regions makes it
a highly scalable solution." ROl is also enhanced by co-generation capabilities, providing
process heat in addition to electricity.! Fervo Energy's project demonstrates commercial
viability at $79 per megawatt hour without subsidy, signaling competitive potential &’
Multi-zone stimulation can increase power production by 3-5 times, significantly lowering the
cost of power produced by over 50%.%% EGS can remove the "dry hole" risk associated with
conventional geothermal.”

Top Key Sectors/Applications: Primary applications include large-scale electricity
generation for the grid, providing reliable baseload power." It is also crucial for industrial
sectors with high energy demands that rely on continuous, cost-effective power sources.' The
technology can also provide process heat for various industrial uses and be integrated into

1



district heating systems for communities." Data centers are increasingly seeking direct
investments in geothermal-backed power agreements.’

Enabling Infrastructure & Ecosystem Requirements: Significant public and private
investment is needed to drive EGS development and deployment.’ The transfer of expertise
and existing infrastructure from the oil and gas industry (e.g., drilling, well construction) is a
key enabler.! Proximity to existing transmission lines or load is also beneficial for deployment.’
Associated Challenges, Risks, and Mitigation Strategies: EGS development faces
challenges related to high upfront costs and technical complexities associated with
constructing wellbores (30-40% of well costs). Land access, permitting, and project
financing can also be barriers.! Induced seismicity (movements or vibrations in the
subsurface) from stimulating reservoirs is a concern that requires careful monitoring." Lack of
public awareness and acceptance is another non-technical barrier.! Mitigation strategies
involve continued R&D to reduce drilling costs, robust regulatory frameworks for seismic
monitoring, and public education campaigns to build acceptance.’

Strategic Investment Pathway (Application of Foresight Frameworks):

Advanced Geothermal Energy Systems represent a strategic investment for bridging the gap
to a stable, decarbonized energy future.1 They address a critical need for reliable,
dispatchable, and scalable baseload power that can effectively complement intermittent
renewable energy sources like solar and wind.1 Their inherent modularity and lower capital
intensity make them more financially attractive and deployable compared to traditional
large-scale nuclear plants, thereby accelerating decarbonization efforts, particularly in
energy-intensive sectors like heavy industry and digital infrastructure.1 This positions SMRs
not merely as an energy source but as a foundational element for ensuring grid stability and
enabling broader industrial decarbonization, attracting diverse investments beyond
conventional utility companies.1

e Game Theory (Nash Equilibrium): EGS, as a 24/7 clean power source, can disrupt
energy markets dominated by intermittent renewables or fossil fuels." Investments can
influence energy policy and grid infrastructure development, shaping the competitive
landscape for baseload power." This involves anticipating a future where reliable,
dispatchable clean energy becomes a critical competitive advantage, leading to a new
market equilibrium.

e Entropy-Aware Optimization: EGS provides stable, continuous power, inherently
reducing the "disorder" associated with intermittent energy sources.’ Its ability to
efficiently utilize subsurface heat aligns with principles of thermodynamic efficiency.
Investments support energy systems that minimize entropy production for long-term
grid stability and resource predictability, contributing to a more ordered energy
landscape.’

e Viability Theory: EGS unlocks vast, untapped heat resources, ensuring the long-term
viability of clean energy supply.” It expands the "safe operating space" for geothermal
energy beyond traditional sites, making it accessible almost anywhere. Investments
are critical for building a resilient energy portfolio that is not constrained by



geographical limitations or intermittency, thus ensuring long-term energy security.’
e Multi-Criteria Decision Analysis: EGS scores very high on sustainability (24/7 clean
power), resilience (baseload, accessible anywhere), and strategic alignment

Works cited

1. Technology Catalog Refinement and Validation_.pdf

2. Thermodynamic Computing Becomes Cool - Communications of the ACM,
accessed July 15, 2025,
https://cacm.acm.org/news/thermodynamic-computing-becomes-cool/

3. Thermodynamic Computing: The next computer architecture - OODAloop,
accessed July 15, 2025,

https://oodaloop.com/analysis/disruptive-technology/thermodynamic-computing
-the-next-computer-architecture/

4. Al Agents Market Size to Hit USD 236.03 Billion by 2034 - Precedence Research,
accessed July 15, 2025, https://www.precedenceresearch.com/ai-agents-market

5. How Enterprise Al Agents Can Deliver 10X ROI? Explore - OneReach, accessed
July 15, 2025,
https://onereach.ai/blog/what-is-the-roi-from-investments-in-enterprise-ai-agen
ts/

6. Al Autonomous Agents Are Top 2025 Trend For Seed Investment - Crunchbase
News, accessed July 15, 2025,
https://news.crunchbase.com/ai/autonomous-agents-top-seed-trend-2025/

7. Engineering at the speed of thought: Accelerating complex processes with
multi-agent Al and Synera | AWS HPC Blog, accessed July 15, 2025,
https://aws.amazon.com/blogs/hpc/engineering-at-the-speed-of-thought-accele
rating-complex-processes-with-multi-agent-ai-and-synera/

8. Al Agent Ethics: Understanding the Ethical Considerations - SmythOS, accessed
July 15, 2025,
https://smythos.com/ai-agents/ai-agent-development/ai-agent-ethics/

9. How humans & Al agents can work together ethically & effectively - Macro 4,
accessed July 15, 2025,

https://www.macro4.com/blog/the-rise-of-ai-agents-how-humans-and-machine

s-can-work-together-ethically-and-effectively/
10. Google Al Edge - Gemini API, accessed July 15, 2025, https://ai.google.dev/edge

11. TinyML(EdgeAl) in 2025: Machine Learning at the Edge - Research AlMultiple,
accessed July 15, 2025, https://research.aimultiple.com/tinyml/

12. Toward Edge General Intelligence with Multiple-Large Language Model
(Multi-LLM): Architecture, Trust, and Orchestration - arXiv, accessed July 15,
2025, https://arxiv.org/html/2507.00672

13. What are Edge Servers? Enabling On-Prem LLM and Generative Al At the E -
Premio Inc, accessed July 15, 2025,
https://premioinc.com/blogs/blog/what-are-edge-servers-enabling-on-prem-Iim
-and-generative-ai-at-the-edge

14. Chapter 1: Industry Trends Driving Edge Al Adoption | The 2025 ..., accessed July



https://cacm.acm.org/news/thermodynamic-computing-becomes-cool/
https://oodaloop.com/analysis/disruptive-technology/thermodynamic-computing-the-next-computer-architecture/
https://oodaloop.com/analysis/disruptive-technology/thermodynamic-computing-the-next-computer-architecture/
https://www.precedenceresearch.com/ai-agents-market
https://onereach.ai/blog/what-is-the-roi-from-investments-in-enterprise-ai-agents/
https://onereach.ai/blog/what-is-the-roi-from-investments-in-enterprise-ai-agents/
https://news.crunchbase.com/ai/autonomous-agents-top-seed-trend-2025/
https://aws.amazon.com/blogs/hpc/engineering-at-the-speed-of-thought-accelerating-complex-processes-with-multi-agent-ai-and-synera/
https://aws.amazon.com/blogs/hpc/engineering-at-the-speed-of-thought-accelerating-complex-processes-with-multi-agent-ai-and-synera/
https://smythos.com/ai-agents/ai-agent-development/ai-agent-ethics/
https://www.macro4.com/blog/the-rise-of-ai-agents-how-humans-and-machines-can-work-together-ethically-and-effectively/
https://www.macro4.com/blog/the-rise-of-ai-agents-how-humans-and-machines-can-work-together-ethically-and-effectively/
https://ai.google.dev/edge
https://research.aimultiple.com/tinyml/
https://arxiv.org/html/2507.00672
https://premioinc.com/blogs/blog/what-are-edge-servers-enabling-on-prem-llm-and-generative-ai-at-the-edge
https://premioinc.com/blogs/blog/what-are-edge-servers-enabling-on-prem-llm-and-generative-ai-at-the-edge

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

15, 2025,
https://www.wevolver.com/article/2025-edge-ai-technology-report/industry-tren
ds-driving-edge-ai-adoption

Achieve Greater ROl with Al in Your Datacenter | Dell, accessed July 15, 2025,
https://www.dell.com/en-us/blog/achieve-greater-roi-with-ai-in-your-datacenter/
Edge Al: Deploying Large Language Models for Smarter Devices - Medium,
accessed July 15, 2025,
https://medium.com/accredian/edge-ai-deploying-large-language-models-for-s
marter-devices-cdee25023673

Top 10 edge Al chips - Electronic Products, accessed July 15, 2025,
https://www.electronicproducts.com/top-10-edge-ai-chips/

Edge Al Compliance: Key Regulations To Know - Artech Digital, accessed July 15,
2025,
https://www.artech-digital.com/blog/edge-ai-compliance-key-regulations-to-kno
W

What are the regulatory concerns with edge Al? - Milvus, accessed July 15, 2025,
https://milvus.io/ai-quick-reference/what-are-the-regulatory-concerns-with-edg
e-ai

The Future of Al and Energy Efficiency | IBM, accessed July 15, 2025,
https://www.ibm.com/think/insights/future-ai-energy-efficiency

How Can Computing for Al and Other Demands Be More Energy Efficient? - USC
Viterbi, accessed July 15, 2025,
https://viterbischool.usc.edu/news/2025/04/how-can-computing-for-ai-and-othe
r-demands-be-more-energy-efficient/

How the Al Revolution is driving Low-Power Chip Designs | by Hemasr - Medium,
accessed July 15, 2025,
https://medium.com/@hemasr?9/how-the-ai-revolution-is-driving-low-power-ch
ip-designs-581074f81bcb

Low energy Analogue Al chips gets a $100 Million boost from DARPA - Matthew
Griffin, accessed July 15, 2025,
https://www.fanaticalfuturist.com/2025/03/low-energy-analogue-ai-chips-gets-a

-100-million-boost-from-darpa/
NTT Data: How Al at the Edge Can Unlock ROI for Industries | Al ..., accessed July

15, 2025,
https://aimagazine.com/articles/ntt-data-how-ai-at-the-edge-can-unlock-roi-for

-industries

What Is Neuromorphic Computing? | IBM, accessed July 15, 2025,
https://www.ibm.com/think/topics/neuromorphic-computing

Neuromorphic computing - Wikipedia, accessed July 15, 2025,
https://en.wikipedia.org/wiki/Neuromorphic_computing

Neuromorphic Computing Advances - Quantum Zeitgeist, accessed July 15,
2025, https://guantumzeitgeist.com/neuromorphic-computing-advances/

Unlocking the Brain's Secret: The Next Leap in Al With Neuromorphic Computing,
accessed July 15 2025,



https://www.wevolver.com/article/2025-edge-ai-technology-report/industry-trends-driving-edge-ai-adoption
https://www.wevolver.com/article/2025-edge-ai-technology-report/industry-trends-driving-edge-ai-adoption
https://www.dell.com/en-us/blog/achieve-greater-roi-with-ai-in-your-datacenter/
https://medium.com/accredian/edge-ai-deploying-large-language-models-for-smarter-devices-cdee25023673
https://medium.com/accredian/edge-ai-deploying-large-language-models-for-smarter-devices-cdee25023673
https://www.electronicproducts.com/top-10-edge-ai-chips/
https://www.artech-digital.com/blog/edge-ai-compliance-key-regulations-to-know
https://www.artech-digital.com/blog/edge-ai-compliance-key-regulations-to-know
https://milvus.io/ai-quick-reference/what-are-the-regulatory-concerns-with-edge-ai
https://milvus.io/ai-quick-reference/what-are-the-regulatory-concerns-with-edge-ai
https://www.ibm.com/think/insights/future-ai-energy-efficiency
https://viterbischool.usc.edu/news/2025/04/how-can-computing-for-ai-and-other-demands-be-more-energy-efficient/
https://viterbischool.usc.edu/news/2025/04/how-can-computing-for-ai-and-other-demands-be-more-energy-efficient/
https://medium.com/@hemasr99/how-the-ai-revolution-is-driving-low-power-chip-designs-581074f81bcb
https://medium.com/@hemasr99/how-the-ai-revolution-is-driving-low-power-chip-designs-581074f81bcb
https://www.fanaticalfuturist.com/2025/03/low-energy-analogue-ai-chips-gets-a-100-million-boost-from-darpa/
https://www.fanaticalfuturist.com/2025/03/low-energy-analogue-ai-chips-gets-a-100-million-boost-from-darpa/
https://aimagazine.com/articles/ntt-data-how-ai-at-the-edge-can-unlock-roi-for-industries
https://aimagazine.com/articles/ntt-data-how-ai-at-the-edge-can-unlock-roi-for-industries
https://www.ibm.com/think/topics/neuromorphic-computing
https://en.wikipedia.org/wiki/Neuromorphic_computing
https://quantumzeitgeist.com/neuromorphic-computing-advances/
https://scitechdaily.com/unlocking-the-brains-secret-the-next-leap-in-ai-with-neuromorphic-computing/

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

uromorphic-computing/
Neuromorphic Computing Market Size | Global Report [2032], accessed July 15,

2025,
https://www.fortunebusinessinsights.com/neuromorphic-computing-market-108
240

Top 7 Neuromorphic Computing Companies (2025) | StartUs Insights, accessed
July 15, 2025,

https://www.startus-insights.com/innovators-guide/neuromorphic-computing-co

mpanies/
Top 10 Companies in Neuromorphic Chip Market in 2024 Shaping ..., accessed

July 15, 2025,
https://www.emergenresearch.com/blog/top-10-companies-in-neuromorphic-ch

ip-market
Neuromorphic Computing Ethics — Area - Prism — Sustainability Directory,

accessed July 15, 2025,
https://prism.sustainability-directory.com/area/neuromorphic-computing-ethics/
Neuromorphic Ethics: A New Frontier - Number Analytics, accessed July 15, 2025,
https://www.numberanalytics.com/blog/neuromorphic-ethics-new-frontier

Top Neuromorphic Computing Stocks 2025: Pure-Play Watchlist, accessed July
15, 2025, https://exoswan.com/neuromorphic-computing-stocks

Quantum Computing Research: Pioneering the Future of Tech - SpinQ, accessed
July 15, 2025,
https://www.spinquanta.com/news-detail/quantum-computing-research-pioneeri
ng-the-future-of-tech20250116105149

As Quantum Hardware Advances, the Real-World Stakes Are Getting Clearer -
VKTR.com, accessed July 15, 2025,
https://www.vktr.com/ai-technology/as-quantum-hardware-advances-the-real-w
orld-stakes-are-getting-clearer/

Al's future hinges on hardware innovation - IMEC, accessed July 15, 2025,
https://www.imec-int.com/en/articles/ais-future-hinges-hardware-innovation
thequantuminsider.com, accessed July 15, 2025,

https://thequantuminsider.com/2025/03/19/the-quantum- suggly—chaln mapping-

(o]
on%20a3, Iasers%ZC%ZOand%20custom%ZOcontroI%ZOeIectron|cs

The Quantum Supply Chain: Mapping the Market and Key Players, accessed July
15, 2025,
https://thequantuminsider.com/2025/03/19/the-quantum-supply-chain-mapping-
the-market-and-key-players/

Are Businesses Ready for Practical Quantum Computing? - California
Management Review, accessed July 15, 2025,

https://cmr.berkeley.edu/2025/07/are-businesses-ready-for-practical-quantum-c
omputing/
The timelines: when can we expect useful quantum computers?, accessed July

15, 2025, https://introtoquantum.org/essentials/timelines/
Quantinuum Unveils Accelerated Roadmap to Achieve Universal, Fully



https://scitechdaily.com/unlocking-the-brains-secret-the-next-leap-in-ai-with-neuromorphic-computing/
https://www.fortunebusinessinsights.com/neuromorphic-computing-market-108240
https://www.fortunebusinessinsights.com/neuromorphic-computing-market-108240
https://www.startus-insights.com/innovators-guide/neuromorphic-computing-companies/
https://www.startus-insights.com/innovators-guide/neuromorphic-computing-companies/
https://www.emergenresearch.com/blog/top-10-companies-in-neuromorphic-chip-market
https://www.emergenresearch.com/blog/top-10-companies-in-neuromorphic-chip-market
https://prism.sustainability-directory.com/area/neuromorphic-computing-ethics/
https://www.numberanalytics.com/blog/neuromorphic-ethics-new-frontier
https://exoswan.com/neuromorphic-computing-stocks
https://www.spinquanta.com/news-detail/quantum-computing-research-pioneering-the-future-of-tech20250116105149
https://www.spinquanta.com/news-detail/quantum-computing-research-pioneering-the-future-of-tech20250116105149
https://www.vktr.com/ai-technology/as-quantum-hardware-advances-the-real-world-stakes-are-getting-clearer/
https://www.vktr.com/ai-technology/as-quantum-hardware-advances-the-real-world-stakes-are-getting-clearer/
https://www.imec-int.com/en/articles/ais-future-hinges-hardware-innovation
https://thequantuminsider.com/2025/03/19/the-quantum-supply-chain-mapping-the-market-and-key-players/#:~:text=Quantum%20computing%20depends%20on%20a,lasers%2C%20and%20custom%20control%20electronics.
https://thequantuminsider.com/2025/03/19/the-quantum-supply-chain-mapping-the-market-and-key-players/#:~:text=Quantum%20computing%20depends%20on%20a,lasers%2C%20and%20custom%20control%20electronics.
https://thequantuminsider.com/2025/03/19/the-quantum-supply-chain-mapping-the-market-and-key-players/#:~:text=Quantum%20computing%20depends%20on%20a,lasers%2C%20and%20custom%20control%20electronics.
https://thequantuminsider.com/2025/03/19/the-quantum-supply-chain-mapping-the-market-and-key-players/
https://thequantuminsider.com/2025/03/19/the-quantum-supply-chain-mapping-the-market-and-key-players/
https://cmr.berkeley.edu/2025/07/are-businesses-ready-for-practical-quantum-computing/
https://cmr.berkeley.edu/2025/07/are-businesses-ready-for-practical-quantum-computing/
https://introtoquantum.org/essentials/timelines/

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Fault-Tolerant Quantum Computing by 2030, accessed July 15, 2025,
https://www.quantinuum.com/press-releases/quantinuum-unveils-accelerated-ro
admap-to-achieve-universal-fault-tolerant-quantum-computing-by-2030

The Year of Quantum: From concept to reality in 2025 - McKinsey, accessed July
15, 2025,
https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/the-year-of-
quantum-from-concept-to-reality-in-2025

Quantum Computing Market Size, Share, Statistics, Growth, Latest Trends,
2024-2029 - MarketsandMarkets, accessed July 15, 2025,
https://www.marketsandmarkets.com/Market-Reports/qguantum-computing-mar
ket-144888301.html

Quantum computing: How businesses can prepare for the future - PwC,
accessed July 15, 2025,
https://www.pwc.com/us/en/tech-effect/emerging-tech/qguantum-organizations.h
tml

(PDF) Ethical Considerations in Quantum-Enhanced Al - ResearchGate, accessed
July 15, 2025,

https://www.researchgate.net/publication/391231999 Ethical Considerations in
Quantum-Enhanced_Al

Thermodynamics in Computational Materials Science - Number Analytics,
accessed July 15, 2025,
https://www.numberanalytics.com/blog/thermodynamics-in-computational-mate
rials-science

The Ethical Dilemmmas Of The Quantum Age, accessed July 15, 2025,

https://quantumzeitgeist.com/the-ethical-dilemmas-of-the-quantum-age/
Ethics and quantum computing, accessed July 15, 2025,

https://www.scientific-computing.com/article/ethics-quantum-computing
Quantum Computing and the Law: Navigating the Legal Implications of a
Quantum Leap | European Journal of Risk Regulation | Cambridge Core, accessed
July 15, 2025,
https://www.cambridge.org/core/journals/european-journal-of-risk-requlation/arti

cle/quantum-computing-and-the-law-navigating-the-legal-implications-of-a-qu
antum-leap/3D6C2D3B2B425BB3B2FEE63BF42EB295

Scaling Advantage in Approximate Optimization with Quantum ..., accessed July
15, 2025, https://link.aps.org/doi/10.1103/PhysRevl ett.134.160601

How does quantum annealing work in solving optimization problems?, accessed
July 15, 2025,
https://milvus.io/ai-quick-reference/how-does-quantum-annealing-work-in-solvi
ng-optimization-problems

Landauer's principle - Wikipedia, accessed July 15, 2025,
https://fen.wikipedia.org/wiki/Landauer%27s_principle

Bio-Inspired Computation and Its Applications | Frontiers Research Topic,
accessed July 15, 2025,

https://www.frontiersin.org/research-topics/25088/bio-inspired-computation-and
-its-applications/magazine



https://www.quantinuum.com/press-releases/quantinuum-unveils-accelerated-roadmap-to-achieve-universal-fault-tolerant-quantum-computing-by-2030
https://www.quantinuum.com/press-releases/quantinuum-unveils-accelerated-roadmap-to-achieve-universal-fault-tolerant-quantum-computing-by-2030
https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/the-year-of-quantum-from-concept-to-reality-in-2025
https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/the-year-of-quantum-from-concept-to-reality-in-2025
https://www.marketsandmarkets.com/Market-Reports/quantum-computing-market-144888301.html
https://www.marketsandmarkets.com/Market-Reports/quantum-computing-market-144888301.html
https://www.pwc.com/us/en/tech-effect/emerging-tech/quantum-organizations.html
https://www.pwc.com/us/en/tech-effect/emerging-tech/quantum-organizations.html
https://www.researchgate.net/publication/391231999_Ethical_Considerations_in_Quantum-Enhanced_AI
https://www.researchgate.net/publication/391231999_Ethical_Considerations_in_Quantum-Enhanced_AI
https://www.numberanalytics.com/blog/thermodynamics-in-computational-materials-science
https://www.numberanalytics.com/blog/thermodynamics-in-computational-materials-science
https://quantumzeitgeist.com/the-ethical-dilemmas-of-the-quantum-age/
https://www.scientific-computing.com/article/ethics-quantum-computing
https://www.cambridge.org/core/journals/european-journal-of-risk-regulation/article/quantum-computing-and-the-law-navigating-the-legal-implications-of-a-quantum-leap/3D6C2D3B2B425BB3B2FEE63BF42EB295
https://www.cambridge.org/core/journals/european-journal-of-risk-regulation/article/quantum-computing-and-the-law-navigating-the-legal-implications-of-a-quantum-leap/3D6C2D3B2B425BB3B2FEE63BF42EB295
https://www.cambridge.org/core/journals/european-journal-of-risk-regulation/article/quantum-computing-and-the-law-navigating-the-legal-implications-of-a-quantum-leap/3D6C2D3B2B425BB3B2FEE63BF42EB295
https://link.aps.org/doi/10.1103/PhysRevLett.134.160601
https://milvus.io/ai-quick-reference/how-does-quantum-annealing-work-in-solving-optimization-problems
https://milvus.io/ai-quick-reference/how-does-quantum-annealing-work-in-solving-optimization-problems
https://en.wikipedia.org/wiki/Landauer%27s_principle
https://www.frontiersin.org/research-topics/25088/bio-inspired-computation-and-its-applications/magazine
https://www.frontiersin.org/research-topics/25088/bio-inspired-computation-and-its-applications/magazine

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Bio-inspired computing - Wikipedia, accessed July 15, 2025,
https://en.wikipedia.org/wiki/Bio-inspired_computing

Revolutionizing Al with Bio-Inspired Computing Discoveries, accessed July 15,
2025, https://jdgzz.hzeii.com/blog/ai-bio-inspired-computing-trends1/

Special Issue : Bio-Inspired Computing and Its Applications - MDPI, accessed July
15, 2025,
https://www.mdpi.com/journal/applsci/special_issues/Bio_Inspired_Computing_Ap
plications

The Advancement, Repercussions, and Ethical Concerns of Robotics
Development, accessed July 15, 2025,

https://www.researchgate.net/publication/377208934_The_Advancement_Reperc

ussions_and_Ethical_Concerns_of Robotics_Development
Responsible Computing Research Ethics and Governance of Computing

Research and its Applications | National Academies, accessed July 15, 2025,
https://www.nationalacademies.org/our-work/responsible-computing-research-e
thics-and-governance-of-computing-research-and-its-applications

Benefits of Small Modular Reactors (SMRs) - Department of Energy, accessed
July 15, 2025, https://www.energy.gov/ne/benefits-small-modular-reactors-smrs
What Are SMRs: What Small Modular Reactors Are And Why They Matter -
Climate Insider, accessed July 15, 2025,
https://climateinsider.com/2025/02/27/what-are-smrs-what-small-modular-react
ors-are-and-why-they-matter/

Advanced Small Modular Reactors (SMRs) - Department of Energy, accessed July
15, 2025, https://www.energy.gov/ne/advanced-small-modular-reactors-smrs
Top 5 SMR Tech to Keep an Eye on in 2025 - Nuclear Business Platform, accessed
July 15, 2025,
https://www.nuclearbusiness-platform.com/media/insights/top-5-smr-tech
Going nuclear: The rise of the small modular reactor (SMR) - Marsh, accessed
July 15, 2025,
https://www.marsh.com/en/industries/construction/insights/going-nuclear-rise-s
mall-modular-reactor.html

Small Modular Reactors: Redefining Global Energy Security for a ..., accessed July
15, 2025, https://strategyinternational.org/2025/02/05/publication161/

Small Modular Reactor Market | Size, Share, and Analysis - 2030 -
MarketsandMarkets, accessed July 15, 2025,
https://www.marketsandmarkets.com/Market-Reports/small-modular-reactor-m
arket-5001546.html

Nuclear Small Modular Reactors (SMRs) 2023-2043 - IDTechEx, accessed July 15,
2025,
https://www.idtechex.com/en/research-report/nuclear-small-modular-reactors/9
34

Advanced Reactors | NRC.gov, accessed July 15, 2025,

https://www.nrc.gov/reactors/new-reactors/advanced.html
The NEA Small Modular Reactor (SMR) Strategy, accessed July 15, 2025,

https://www.oecd-nea.org/icms/pl_26297/the-nea-small-modular-reactor-smr-st



https://en.wikipedia.org/wiki/Bio-inspired_computing
https://jdgzz.hzeii.com/blog/ai-bio-inspired-computing-trends1/
https://www.mdpi.com/journal/applsci/special_issues/Bio_Inspired_Computing_Applications
https://www.mdpi.com/journal/applsci/special_issues/Bio_Inspired_Computing_Applications
https://www.researchgate.net/publication/377208934_The_Advancement_Repercussions_and_Ethical_Concerns_of_Robotics_Development
https://www.researchgate.net/publication/377208934_The_Advancement_Repercussions_and_Ethical_Concerns_of_Robotics_Development
https://www.nationalacademies.org/our-work/responsible-computing-research-ethics-and-governance-of-computing-research-and-its-applications
https://www.nationalacademies.org/our-work/responsible-computing-research-ethics-and-governance-of-computing-research-and-its-applications
https://www.energy.gov/ne/benefits-small-modular-reactors-smrs
https://climateinsider.com/2025/02/27/what-are-smrs-what-small-modular-reactors-are-and-why-they-matter/
https://climateinsider.com/2025/02/27/what-are-smrs-what-small-modular-reactors-are-and-why-they-matter/
https://www.energy.gov/ne/advanced-small-modular-reactors-smrs
https://www.nuclearbusiness-platform.com/media/insights/top-5-smr-tech
https://www.marsh.com/en/industries/construction/insights/going-nuclear-rise-small-modular-reactor.html
https://www.marsh.com/en/industries/construction/insights/going-nuclear-rise-small-modular-reactor.html
https://strategyinternational.org/2025/02/05/publication161/
https://www.marketsandmarkets.com/Market-Reports/small-modular-reactor-market-5001546.html
https://www.marketsandmarkets.com/Market-Reports/small-modular-reactor-market-5001546.html
https://www.idtechex.com/en/research-report/nuclear-small-modular-reactors/934
https://www.idtechex.com/en/research-report/nuclear-small-modular-reactors/934
https://www.nrc.gov/reactors/new-reactors/advanced.html
https://www.oecd-nea.org/jcms/pl_26297/the-nea-small-modular-reactor-smr-strategy

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

rategy
Fusion Energy And Microgrids - Meegle, accessed July 15, 2025,

https://www.meegle.com/en_us/topics/fusion-energy/fusion-energy-and-microgr
ids

The Future is Fusion (and Advanced Nuclear): Powering a Brighter ..., accessed
July 15, 2025,
https://blog.equityzen.com/the-future-is-fusion-and-advanced-nuclear-powerin
g-a-brighter-tomorrow

Microgrids | Grid Modernization - NREL, accessed July 15, 2025,
https://www.nrel.gov/grid/microgrids

Microgrid Market Report 2025-2035 | Trends, Forecasts & Players - Roots
Analysis, accessed July 15, 2025,
https://www.rootsanalysis.com/microgrid-market

Nuclear Fusion Energy Industry Forecast 2025-2045: Unprecedented Private
Capital, Technological Breakthroughs, and Climate Urgency are Accelerating
Development Timelines - GlobeNewswire, accessed July 15, 2025,

https://www.globenewswire.com/news-release/2025/04/30/3071147/0/en/Nuclear
-Fusion-Energy-Industry-Forecast-2025-2045-Unprecedented-Private-Capital-T

echnological-Breakthroughs-and-Climate-Urgency-are-Accelerating-Developme
nt-Timelines.html

Features and Benefits - Microgrids - International District Energy Association,
accessed July 15, 2025,
https://www.districtenergy.org/microgrids/about-microgrids97/features
Distributed Energy Storage System in North America: Market Dynamics and
Forecasts 2025-2033, accessed July 15, 2025,
https://www.marketreportanalytics.com/reports/distributed-energy-storage-syst
em-227929

Microgrids - S&C Electric Company, accessed July 15, 2025,
https://www.sandc.com/en/solutions/microgrids/

Microgrids | Department of Energy, accessed July 15, 2025,
https://www.energy.gov/indianenergy/tribal-energy-guide/microgrids
Sustainable Aviation Fuel SAF Market Size, Share, 2025 To 2030, accessed July 15,
2025,
https://www.marketsandmarkets.com/Market-Reports/sustainable-aviation-fuel-
market-70301163.html

The Most Notable Developments in Sustainable Aviation Fuel - AZoCleantech,
accessed July 15, 2025,
https://www.azocleantech.com/article.aspx?ArticlelD=1959

Financing Sustainable Aviation Fuels: Case Studies and Implications for
Investment, accessed July 15, 2025,
https://www.weforum.org/publications/financing-sustainable-aviation-fuels-case
-studies-and-implications-for-investment/

SAF Regulation in the UK, EU and USA: 2025 Overview, accessed July 15, 2025,

https://natlawreview.com/article/sustainable-aviation-fuel-overview-current-requ
latory-landscape-uk-eu-and-usa



https://www.oecd-nea.org/jcms/pl_26297/the-nea-small-modular-reactor-smr-strategy
https://www.meegle.com/en_us/topics/fusion-energy/fusion-energy-and-microgrids
https://www.meegle.com/en_us/topics/fusion-energy/fusion-energy-and-microgrids
https://blog.equityzen.com/the-future-is-fusion-and-advanced-nuclear-powering-a-brighter-tomorrow
https://blog.equityzen.com/the-future-is-fusion-and-advanced-nuclear-powering-a-brighter-tomorrow
https://www.nrel.gov/grid/microgrids
https://www.rootsanalysis.com/microgrid-market
https://www.globenewswire.com/news-release/2025/04/30/3071147/0/en/Nuclear-Fusion-Energy-Industry-Forecast-2025-2045-Unprecedented-Private-Capital-Technological-Breakthroughs-and-Climate-Urgency-are-Accelerating-Development-Timelines.html
https://www.globenewswire.com/news-release/2025/04/30/3071147/0/en/Nuclear-Fusion-Energy-Industry-Forecast-2025-2045-Unprecedented-Private-Capital-Technological-Breakthroughs-and-Climate-Urgency-are-Accelerating-Development-Timelines.html
https://www.globenewswire.com/news-release/2025/04/30/3071147/0/en/Nuclear-Fusion-Energy-Industry-Forecast-2025-2045-Unprecedented-Private-Capital-Technological-Breakthroughs-and-Climate-Urgency-are-Accelerating-Development-Timelines.html
https://www.globenewswire.com/news-release/2025/04/30/3071147/0/en/Nuclear-Fusion-Energy-Industry-Forecast-2025-2045-Unprecedented-Private-Capital-Technological-Breakthroughs-and-Climate-Urgency-are-Accelerating-Development-Timelines.html
https://www.districtenergy.org/microgrids/about-microgrids97/features
https://www.marketreportanalytics.com/reports/distributed-energy-storage-system-227929
https://www.marketreportanalytics.com/reports/distributed-energy-storage-system-227929
https://www.sandc.com/en/solutions/microgrids/
https://www.energy.gov/indianenergy/tribal-energy-guide/microgrids
https://www.marketsandmarkets.com/Market-Reports/sustainable-aviation-fuel-market-70301163.html
https://www.marketsandmarkets.com/Market-Reports/sustainable-aviation-fuel-market-70301163.html
https://www.azocleantech.com/article.aspx?ArticleID=1959
https://www.weforum.org/publications/financing-sustainable-aviation-fuels-case-studies-and-implications-for-investment/
https://www.weforum.org/publications/financing-sustainable-aviation-fuels-case-studies-and-implications-for-investment/
https://natlawreview.com/article/sustainable-aviation-fuel-overview-current-regulatory-landscape-uk-eu-and-usa
https://natlawreview.com/article/sustainable-aviation-fuel-overview-current-regulatory-landscape-uk-eu-and-usa

83. Sustainable Aviation Fuel Market Size, Share & Outlook — 2034 - Global Market
Insights, accessed July 15, 2025,
https://www.gminsights.com/industry-analysis/sustainable-aviation-fuel-market

84. Sustainable Aviation Fuel (SAF), commercial aviation, decarbonization, case
studies, United Airlines, Virgin Atlantic, Neste, Shell, government support,
sustainability, supply chain, infrastructure - Leadvent Group, accessed July 15,
2025,
https://www.leadventgrp.com/blog/saf-in-commercial-aviation-key-case-studies
-and-lessons-learned

85. Carbon Dioxide Utilization Market Size & Forecast, 2025-2032 - Coherent Market
Insights, accessed July 15, 2025,
https://www.coherentmarketinsights.com/industry-reports/carbon-dioxide-utiliza
tion-market

86. Net Zero Coalition | United Nations, accessed July 15, 2025,
https://www.un.org/en/climatechange/net-zero-coalition

87. Enhanced Geothermal Systems | Department of Energy, accessed July 15, 2025,

https://www.energy.gov/eere/geothermal/enhanced-geothermal-systems
88. Geothermal FAQs - Department of Energy, accessed July 15, 2025,

https://www.energy.gov/eere/geothermal/geothermal-fags

89. Geothermal investment soars 85% as breakthrough tech unlocks ..., accessed
July 15, 2025,
https://www.woodmac.com/press-releases/geothermal-investment-soars-85-as-
breakthrough-tech-unlocks-500-gw-us-potential/

90. Enhanced Geothermal Systems: A Promising Source of Round-the ..., accessed
July 15, 2025,
https://newscenter.lbl.gov/2025/04/10/enhanced-geothermal-systems-a-promisi
ng-source-of-round-the-clock-energy/

91. Unlocking Global Geothermal Energy: Pathways to Scaling International
Deployment of Next-Generation Geothermal, accessed July 15, 2025,
https://carnegieendowment.org/research/2025/07/unlocking-global-geothermal-
energy-pathways-to-scaling-international-deployment-of-next-generation-geot
hermal

92. An introduction to the next clean energy frontier: Superhot rock and the future of
geothermal, accessed July 15, 2025,

https://www.catf.us/2025/03/introduction-next-clean-energy-frontier-superhot-r

ock-future-geothermal/
93. Enhanced Geothermal Systems (EGS) - AltaRock Energy, accessed July 15, 2025,

https://altarockenergy.com/technology/enhanced-geothermal-systems/



https://www.gminsights.com/industry-analysis/sustainable-aviation-fuel-market
https://www.leadventgrp.com/blog/saf-in-commercial-aviation-key-case-studies-and-lessons-learned
https://www.leadventgrp.com/blog/saf-in-commercial-aviation-key-case-studies-and-lessons-learned
https://www.coherentmarketinsights.com/industry-reports/carbon-dioxide-utilization-market
https://www.coherentmarketinsights.com/industry-reports/carbon-dioxide-utilization-market
https://www.un.org/en/climatechange/net-zero-coalition
https://www.energy.gov/eere/geothermal/enhanced-geothermal-systems
https://www.energy.gov/eere/geothermal/geothermal-faqs
https://www.woodmac.com/press-releases/geothermal-investment-soars-85-as-breakthrough-tech-unlocks-500-gw-us-potential/
https://www.woodmac.com/press-releases/geothermal-investment-soars-85-as-breakthrough-tech-unlocks-500-gw-us-potential/
https://newscenter.lbl.gov/2025/04/10/enhanced-geothermal-systems-a-promising-source-of-round-the-clock-energy/
https://newscenter.lbl.gov/2025/04/10/enhanced-geothermal-systems-a-promising-source-of-round-the-clock-energy/
https://carnegieendowment.org/research/2025/07/unlocking-global-geothermal-energy-pathways-to-scaling-international-deployment-of-next-generation-geothermal
https://carnegieendowment.org/research/2025/07/unlocking-global-geothermal-energy-pathways-to-scaling-international-deployment-of-next-generation-geothermal
https://carnegieendowment.org/research/2025/07/unlocking-global-geothermal-energy-pathways-to-scaling-international-deployment-of-next-generation-geothermal
https://www.catf.us/2025/03/introduction-next-clean-energy-frontier-superhot-rock-future-geothermal/
https://www.catf.us/2025/03/introduction-next-clean-energy-frontier-superhot-rock-future-geothermal/
https://altarockenergy.com/technology/enhanced-geothermal-systems/

	Technology Investment Foresight: A Catalog of Market-Relevant Innovations (2025-2050) with Strategic Investment Pathways 
	I. Executive Summary 
	II. Introduction: Navigating the Future of Technology Investment 
	III. Analytical Foundation: Applying the Technology Investment Foresight Framework 
	Game Theory and Multi-Agent Strategic Dynamics 
	Entropy-Aware Optimization and Information Thermodynamics 
	Viability Theory for Sustainable Technology Portfolios 
	Multi-Criteria Decision Analysis and Stakeholder Utility Alignment 

	IV. Investable Technology Catalog (2025-2050): Deep Dive and Strategic Pathways 
	A. AI & Advanced Computing 
	1. Agentic AI and Autonomous Systems 
	2. Micro LLMs and Edge AI 
	3. Neuromorphic Computing 
	4. Quantum Computing 
	5. DNA Computing 
	6. Bio-inspired Computing 
	7. Bio-integrated/Organic Electronics 

	B. Sustainable Energy & Climate Tech 
	8. Small Modular Reactors (SMRs) 
	9. Distributed Fusion Microgrids 
	10. Sustainable Aviation Fuel (SAF) Production 
	11. Direct Air Capture (DAC) Technologies 
	12. Advanced Geothermal Energy Systems (EGS) 
	Works cited 




