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Introduction: A Methodology Framework for Scaling
GCI Investments

This methodology framework is presented by the Council on Global Competition and Innovation (CGCl) to
overcome a critical bottleneck in the strategic deployment of capital toward national security priorities. As
highlighted in CGCl's inaugural research report, "The Case for Market-Led National Security Investments," Global
Competition and Innovation (GCI) investments are defined as those that strategically allocate capital to
assets, technologies, and companies vital for:

e United States (U.S.) and allied national security
e Economic competitiveness, innovation, and resilience
e Global stability and a rules-based international order

Despite growing recognition of the importance of GCl investments, their deployment at scale is hindered by a
lack of standardized terminology, categorization, and performance metrics. Investors struggle to clearly identify
and evaluate GCl opportunities, making it difficult to direct capital efficiently to areas of critical strategic
importance. This framework addresses these challenges by providing a common language, a structured
categorization system, and a method for understanding the effectiveness of GCl investments.

The core purpose of this methodology is to:

e Establish a Uniform Language: Create a shared vocabulary and understanding of GCI
investments, enabling clear communication and collaboration across public and private
domains, including investors, operators, policymakers, national security experts, service
providers, and academia.

e Standardize Categorization: Develop a consistent framework for classifying GCI investments
based on sectors, categories, subcategories, types, and subtypes, and applications, facilitating
benchmarking, comparison, and the identification of investment opportunities.

e Enable Measurable Outcomes: Provide a basis for designing appropriate metrics and Key
Performance Indicators (KPls) for investment opportunities in the eight critical sectors, allowing
users to track progress and optimize resource allocation.

e Unlock Strategic Investment at Scale: By creating clarity, transparency, and accountability, this
methodology aims to unlock significant private sector capital for GCl investments, ensuring that
resources are directed effectively to support U.S. and allied national security objectives.

Ultimately, this methodology seeks to transform the GCl investment landscape, making it more accessible,

transparent, and measurable, thereby contributing to a more secure, prosperous, and competitive future for the
United States and its allies.
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Methodology Approach

CGCl engaged in extensive collaboration with a diverse group of leaders from industry, business, government,
and academia to develop this standardized framework. This collaborative process ensured that the methodology
reflects a wide range of perspectives and addresses the practical challenges of defining and categorizing GCI
investments.

This initiative identifies core sectors, categories, subcategories, types, subtypes, and applications of GCI
investments. It aims to create a unified language that facilitates clear communication among investors regarding
their GCl investments and opportunities. By doing so, CGCl and its partners aspire to empower investors with a
comprehensive understanding of the landscape, fostering confidence and encouraging greater participation in
the deployment of GCl investments at scale.

Use of the Methodology

CGCl welcomes collaboration and contributions from users to enhance its methodology framework further. Users
are encouraged to share their recommendations with CGCI for the benefit of the broader community. Together
with our partners, CGCl will regularly review and update this framework to ensure its continued relevance and
effectiveness.

Key Sectors for GCI

As of January 2025, CGCl has identified eight sectors that constitute GCI investments, including: (1) artificial
intelligence and quantum computing, (2) biotechnology and biomanufacturing, (3) critical minerals and advanced
materials, (4) cybersecurity, space, and defense technology, (5) energy security, (6) food security and agricultural
technology, (7) manufacturing advancements and supply chain resilience, and (8) semiconductors and
microelectronics. These sectors are drawn from authoritative national security sources, strategies, and reports,
that offer significant potential for innovation, growth, and strategic importance relative to U.S. and allied national
security and economic competitiveness. It is important to recognize that sectors like advanced manufacturing and
artificial intelligence encompass applications that extend far beyond national security. This framework is
specifically designed to capture only those classifications and investment areas within these sectors that directly
align with the definition of GCI investments. These are the assets, technologies, and companies vital for U.S. and
allied national security, competitiveness, and global stability, where private investment can have a major impact
on both economic and security outcomes.
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Classification Levels: Definitions and Examples

The GCl methodology framework utilizes a hierarchical classification system to provide a standardized structure
for identifying and categorizing investments.

1. Sector: A broad classification that groups companies or entities based on overarching similarities
in their primary functions or roles within the GCl landscape

® Example: Cybersecurity, Space, and Defense Technology
® Example: Biotechnology and Biomanufacturing

2. Category: A more specific classification within a sector that identifies distinct fields of activity or
industries, reflecting specialized areas of focus relevant to national security
® Example (within Cybersecurity, Space, and Defense Technology): Cybersecurity
e Example (within Biotechnology and Biomanufacturing): Biotechnology

3. Subcategory: A further division within a category, representing a specific area of technology,
service, or application
® Example (within Cybersecurity, Space, and Defense Technology > Cybersecurity):
Network Security
® Example (within Cybersecurity, Space, and Defense Technology > Cybersecurity):
Identity and Access Management (IAM)

4. Type: A targeted reference to specific practices, methodologies, or operational domains,
whether well-established or emerging, that contribute to the objectives of a subcategory
® Example (within Food Security and Agricultural Technology > Agricultural Technology >
Processing of Food and Non-food Agricultural Products): Adjuvants and Fertilizers
® Example (within Food Security and Agricultural Technology > Food Security > Food
Processing and Preservation Technology): Alternative Proteins

5. Subtype: Further specifications within a "Type" which refers to specific methodologies or
technologies
® Example (within Critical Minerals and Advanced Materials > Critical Minerals > Industrial
Minerals > Zinc): Gallium
® Example (within Artificial Intelligence & Quantum Computing > Artificial Intelligence > Al
Methodologies and Techniques > Machine Learning): Reinforcement Learning
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6. Application: Final specification within a "Subtype" detailing specific usages or applications of
that technology
® Example (within Artificial Intelligence & Quantum Computing > Artificial Intelligence > Al
Methodologies and Techniques > Machine Learning > Deep Learning): Discriminative
Models
e Example (within Energy Security > Energy Security > Hydrogen Energy > Green Hydrogen

> Electrolyzer Technology): Fuel Cell Systems
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Intended End-Users of the Methodology

This methodology framework is designed to be a valuable resource for a broad range of users across both the
public and private sectors, playing distinct roles in the GCl investment ecosystem within the U.S. and allied
nations, including but not limited to:

Public Sector

® Government Agencies (U.S. and allied):

Private Sector

National Security Councils or equivalent bodies
Departments of Defense or equivalent

Departments of Commerce, Industry, or equivalent
Departments of Homeland Security, Interior, or equivalent
Intelligence Community agencies

Legislative bodies and committees

® Asset Owners:

Sovereign wealth funds
Pension funds
Endowments
Foundations

Family offices

e Investment Managers:

Private equity firms
Venture capital firms
Hedge funds

Global banks

Insurance companies
Asset management firms

e Service Providers:

Consulting firms (strategic, financial, risk)
Legal firms

Accounting firms

Data providers

Rating agencies
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Academia and Research Institutions

CGC

National security experts
Economists

Technology analysts

Geopolitical analysts

Policy think tank analysts
Independent research consultants
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Guidelines for Using the GCI Investment Methodology Framework

These guidelines are designed to ensure consistent and effective application of the GCl investment methodology
framework across both public and private sector organizations, including:

1. Investment Identification and Categorization

e Initial Assessment: At the outset of any potential investment, conduct a preliminary assessment
to determine if it aligns with the core definition of a GCl investment: allocation of capital to
assets, technologies, and companies vital for U.S. and allied national security, economic
competitiveness, innovation, and global stability.

e Sector Classification: Identify the primary sector to which the investment belongs (e.g.,
Cybersecurity, Space & Defense Technology). If the investment spans multiple sectors, choose
the most relevant or create a cross-sector designation.

e Granular Categorization: Progressively classify the investment down through Category,
Subcategory, Type, Subtype, and Application levels, using the standardized definitions provided
in the framework.

e Documentation: Thoroughly document the rationale for each classification decision, citing
specific characteristics of the investment that support the chosen categories.

2. Due Diligence and Risk Assessment

e National Security Implications: As part of the due diligence process, explicitly evaluate the
potential national security implications of the investment, considering factors such as:

o Technology transfer risks

e Supply chain vulnerabilities

e Potential for misuse or weaponization of technology
e Geopolitical considerations

e Ethical Considerations: Assess the ethical implications of the investment, including potential
impacts on privacy, civil liberties, and environmental sustainability.

e Regulatory Compliance: Ensure compliance with all applicable regulations related to national
security, export controls, foreign investment, and data privacy.
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3. Investment Decision-Making

Strategic Alignment: Explicitly consider how the investment aligns with broader national
security strategies and priorities, as defined by government agencies and policy documents.

Impact Assessment: Evaluate potential investments that deliver on key national security
outcomes, such as:

e Enhanced technological capabilities
e Improved economic competitiveness
® Increased resilience against threats

Risk-Adjusted Returns: Incorporate national security considerations into the risk-adjusted
return analysis, recognizing that GCl investments may have strategic value that is not fully
reflected in traditional financial metrics.

Transparency: Be transparent with stakeholders (including investors, partners, and government
agencies) about the GCl aspects of the investment and the rationale for pursuing it.

4. Reporting and Performance Measurement

CGCL

Standardized Reporting: Use the GCl investment methodology framework to report on GCI
investments in a standardized and consistent manner, enabling comparability and aggregation
of data across different organizations.

Key Performance Indicators (KPls): Develop and track KPIs that measure the effectiveness of
investments tied to national security outcomes, in addition to traditional financial metrics.

Impact Reporting: Regularly report on the progress of making GCl investments and aligning
investment activities and considerations towards the GCl lens, including documenting both
successes and challenges.

Continuous Improvement: Use the insights gained from reporting and performance
measurement to refine the GCl investment methodology framework and improve the
effectiveness of GCl investments.
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GCI Sector: Artificial Intelligence (AI) and Quantum
Computing

1. CATEGORY: ARTIFICIAL INTELLIGENCE

Artificial Intelligence (Al) is a branch of computer science focused on designing and building systems that
can perform complex tasks by learning, reasoning, and adapting. At its core, Al involves developing
algorithms and models that enable machines to process information, make decisions, and interact with
their environment in dynamic and flexible ways. This encompasses capabilities such as learning from data,
solving problems, processing natural language, and recognizing patterns in images and sounds.

1.1.  Subcategory: Al Applications at Data Centers

1.1.1. Type: Hybrid and Multi-Cloud Al Integration: Technology that connects with public,
private, and edge clouds for Al workload distribution.

1.1.2. Type: Purpose-Built Al Infrastructure: Technology designed to handle high-performance
computing (HPC) workloads required for Al training and inference.

1.1.3. Type: Scalability and Flexibility: Technology that supports dynamic scaling of compute,
storage, and networking resources based on Al demands.

1.2 Subcategory: Al Application Domains
1.2.1. Type: Computer Vision
1.2.1.1. Subtype: Image Classification: Categorizing images into predefined classes

1.2.1.2. Subtype: Image Generation: Using Al to generate realistic images (e.g.,
Generative Adversarial Networks (GANs).

1.2.1.3. Subtype: Facial Recognition: |dentifying or verifying people based on facial
features

1.2.1.4. Subtype: Object Detection: |dentifying objects within images or video frames
1.2.2. Type: Natural Language Processing (NLP)
1.2.2.1. Subtype: Machine Translation: Translating languages automatically

1.2.2.2. Subtype: Speech Recognition: Converting spoken language into text (e.g., voice
assistants like Siri or Alexa)

1.2.2.3. Subtype: Text Generation and Understanding: Generating text (e.g., GPT
models) or understanding text (e.g., sentiment analysis)

1.2.2.4. Subtype: Text Summarization: Condensing long texts into shorter versions while
preserving meaning
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1.3.  Subcategory: Al Methodologies and Techniques
1.3.1. Type: Classical Methods in Symbolic Al

1.3.1.1. Subtype: Expert Systems: Advanced rule-based systems designed to mimic
human expert decision-making

1.3.1.2.  Subtype: Hybrid Learning Approaches

1.3.1.2.1. Application: Self-supervised Learning: A system which generates its
own labels from raw data instead of relying on human-annotated labels

1.3.1.2.2. Application: Semi-supervised Learning: An approach which uses both
labeled data and unlabeled data

1.3.1.3. Subtype: Rule-based Systems: A subset of classical systems that rely on if-then
statements to make decisions

1.3.1.4. Subtype: Search Algorithms: A method used to explore solutions in problem
solving tasks

1.3.2. Type: Machine Learning (ML)

1.3.2.1. Subtype: Deep Learning: A subset of ML that uses neural networks with many
layers to learn from large amounts of data

1.3.2.1.1. Application: Discriminative Models: Convolutional Neural Network
(CNNs), Recurrent Neural Network (RNNs), and Transformers (for
classification, translation, etc.)

1.3.2.1.2. Application: Generative Models: Generative Adversarial Networks
(GANSs), Variational Autoencoders (VAEs), and Transformer-based
Generative Models

1.3.2.2. Subtype: Reinforcement Learning: Learning through trial and error, where an
agent takes actions in an environment to maximize cumulative rewards

1.3.2.3. Subtype: Traditional ML Techniques: An approach implemented for data that is
structured and well-labeled

1.3.2.3.1. Application: Clustering: A technique that groups similar data together,
discovering patterns in data sets

1.3.2.3.2. Application: Decision Trees: A structure where each node represents a
decision based on feature values

1.3.2.3.3. Application: Regression: A model that predicts a continuous numerical
value based on input features

11



1.4.

CGC

1.3.3.

Type: Robotics

1.3.3.1.

1.3.3.2.

1.3.3.3.

1.3.3.4.

Subtype: Autonomous Systems: Robots that can perform tasks without human
intervention (e.g., self-driving cars)

Subtype: Robot Learning: Allowing robots to improve their performance
through experience

Subtype: Robot Perception: Enabling robots to understand and interpret their
environment

Subtype: Swarm Robotics: Coordinating a large number of simple robots to
perform complex tasks

Subcategory: Emerging Al Technology

1.4.1.

1.4.2.

1.4.3.

1.4.4.

1.4.5.

Type: Affective Computing / Emotional Recognition: Creating systems that can
recognize, interpret, process, and simulate human emotions

Type: Context-aware Computing: Allows systems to recognize and adjust to a user's
environment, situation, and needs in real time

Type: Ethical Al: Designing and deploying Al systems that adhere to human values and
principles, ensuring accountability, fairness, and transparency in their operations

Type: Explainable Al: The development of artificial intelligence systems that can clearly
explain their decision-making processes, making their reasoning understandable to

humans

Type: Neuromorphic Computing: Aims to replicate the structure and function of the
human brain and nervous system

COUNCIL ON GLOBAL
o COMPETITION & INNOVATION 12



2. CATEGORY: QUANTUM COMPUTING

The Quantum Computing category includes companies focused on the development and
commercialization of quantum computers, software, and services. Quantum computers leverage the
guantum mechanical properties of entanglement, superposition, and interference to perform calculations
in a drastically different way than traditional classical computers. This approach allows them to tackle
complex problems significantly faster by exploring multiple possibilities simultaneously.

2.1.  Subcategory: Hardware Development

2.1.1.

2.1.2.

2.1.3.

2.1.4.

2.1.5.

2.1.6.

Type: Neural Atom Quibits: A quantum bit (qubit) created by using the quantum states
of a neutral atom; carrying no net electric charge

Type: Photonic Quantum Computing: Utilizing photons (light particles) as qubits for
guantum computation, which offers advantages in terms of scalability and error
correction

Type: Quantum Dots: Nanoscale semiconductor structures that can be used to create
qubits

Type: Superconducting Qubits: Using superconducting circuits to create qubits, which
are the fundamental units of quantum information

Type: Topological Qubits: A special type of qubit that stores quantum information in a
way that makes them less sensitive to noise at either end individually

Type: Trapped lons: Using individual ions trapped in electromagnetic fields to create
qubits

2.2.  Subcategory: Languages for Implementing Algorithms for Quantum Computers

2.2.1.

2.2.2.

Type: Quantum Circuit Design: Creating circuits and protocols for quantum systems that
can be executed on quantum hardware

Type: Quantum Programming Languages: Languages for developing algorithms for
guantum computers

2.3. Subcategory: Quantum Algorithms

2.3.1.

2.3.2.

2.3.3.

Type: Artificial Intelligence: Application of quantum computing principles to design
algorithms that enhance the capabilities of Al systems

Type: Optimization: The use of quantum computing algorithms to solve optimization
problems, with the focus on finding the best possible solution among a set of options

Type: Quantum Simulation: Using quantum computers to simulate other quantum
systems, which is especially useful for understanding complex molecules, materials, and
chemical reactions
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GCI Sector: Biotechnology and Biomanufacturing

3. CATEGORY: BIOTECHNOLOGY

Biotechnology encompasses the use of biological systems, organisms, or derivatives for creating
products and solutions in fields like healthcare, agriculture, food, and environmental sustainability.

3.1.

3.2.

3.3.

CGC

Subcategory: Agricultural Biotechnology

3.1.1

3.1.2.

3.1.3.

3.1.4.

3.1.5.

Type: Agricultural Microbials: The use of beneficial microorganisms (e.g., rhizobacteria)
to improve soil health, plant growth, or pest control

Type: Biopesticides: Biological solutions for pest control, often derived from
microorganisms, plants, or natural substances

Type: Biostimulants: Products that promote plant growth and productivity by enhancing
physiological processes, such as microbial inoculants or seaweed extracts

Type: Genetically Modified Organisms (GMOs): Crops or animals altered to enhance
traits like disease resistance, yield, or nutritional content

3.1.4.1. Subtype: Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)

and Gene Editing: Precision gene editing tools to modify plant and animal
genomes for agricultural purposes

3.1.4.2. Subtype: GM Crops: Genetically modified plants such as Bt corn, herbicide-

resistant soybeans, and drought-tolerant rice

Type: Precision Agriculture: Use of advanced technology (e.g., sensors, Al, drones) for
more efficient and sustainable farming practices

Subcategory: Environmental Biotechnology

3.2.1.

3.2.2.

3.2.3.

3.2.4.

Type: Bioremediation and Pollution Control: The use of organisms to clean up
contaminants, such as oil spills, plastic waste, or hazardous chemicals

Type: Carbon Sequestration: Techniques for capturing and storing atmospheric carbon
dioxide through biological processes, such as in algae or forest restoration

Type: Environmental Sensors: Development of biosensors for detecting environmental
pollutants, such as heavy metals

Type: Wastewater Treatment: Using biological processes (e.g., bacteria) to treat sewage
and industrial wastewater, turning waste into reusable water or other product

Subcategory: Food and Nutrition Biotechnology

3.3.1.

Type: Alternative Proteins: Development of plant-based and lab-grown meat products
to reduce environmental impacts of animal agriculture
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3.3.2. Type: Fermentation: Biotechnology for producing food and beverages, such as yogurt
and cheese, using microorganisms

3.3.3. Type: Food Production: Use of biotechnology to enhance food quality, shelf life, and
nutritional value

3.3.4. Type: Food Safety: Technology such as biosensors and genetic techniques for detecting
foodborne pathogens or contaminants in food

3.3.5. Type: Functional Foods: Foods that provide health benefits beyond basic nutrition, such
as probiotics, antioxidants, and biofortified foods

3.4. Subcategory: Industrial Biotechnology (White Biotechnology)

3.4.1. Type: Biochemical Production: Using microorganisms or enzymes to produce industrial
chemicals such as bioplastics, solvents, and detergents

3.4.1.1. Subtype: Bio-based Chemicals: Production of chemicals from renewable
biological sources instead of petroleum-based raw materials.

3.4.2. Type: Biofuels: The production of energy from biological sources, including ethanol,
biodiesel, and next-generation biofuels (e.g., algae-based biofuels)

3.4.3. Type: Bioinformatics: The convergence of biological data and computational science;
which uses these methods to analyze and interpret large biological datasets

3.4.4. Type: Biopolymers and Bioplastics: Production of biodegradable plastics and polymers
from biological feedstocks like corn or sugarcane (e.g., Polylactic acid (PLA),
polyhydroxyalkanoates (PHA))

3.5. Subcategory: Medical Biotechnology

3.5.1. Type: Diagnostic Biotechnology: Tools and methods for early detection and diagnosis of
diseases

3.5.1.1. Subtype: Immunoassays: Tests based on antibody-antigen reactions used to
detect diseases or biomarkers

3.5.1.2. Subtype: Molecular Diagnostics: Technology such as Polymerase Chain Reaction
(PCR) and next-generation sequencing for detecting pathogens, genetic
diseases, or cancers

3.5.1.3. Subtype: Point-of-Care Diagnostics: Portable diagnostic devices that provide
rapid results outside traditional laboratory settings

3.5.2. Type: Metabolic Engineering: Alters metabolic pathways with genetic techniques in
order to create valuable products, cost-effectively

3.5.2.1. Subtype: Development of Nutritionally Enhanced Products: Technology
supporting development of crops or renewable fuels

3.5.2.2. Subtype: Industrial-scale Production: Technology supporting the development
of antibiotics, enzymes, and bio-based chemicals
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3.5.3. Type: Pharmaceuticals & Biopharmaceuticals: Development and production of
therapeutic drugs and vaccines derived from biological sources

3.5.3.1.

3.5.3.2.

3.5.3.3.

3.5.3.4.

3.5.3.5.

3.5.3.6.

3.5.3.7.

3.5.3.8.

3.5.3.9.

3.5.3.10.

3.5.3.11.

3.5.3.12.

Subtype: Advanced Drug Delivery Systems: Innovative technology and
formulations that enhance the delivery, bioavailability, and efficacy of
pharmaceutical drugs. These systems focus on targeted distribution, controlling
drug release rates, and minimizing side effects

Subtype: Biomarker Discovery and Validation: A systematic process of
identifying, developing, and confirming molecular indicators that can be used to
detect biological processes, disease states, or responses to therapeutic
interventions

Subtype: Biomedical Enhancements: Taking otherwise healthy service
personnel (soldiers, marines, pilots, etc.) and pushing their biological,
physiological, and cognitive capacities beyond their individual statistical or
baseline norm e.g. developing enhanced warfighters

Subtype: Cell-based Therapy and Delivery Systems: Using living cells to treat
diseases, such as stem cell therapies for regenerative medicine or
bacteriophages for protein or DNA delivery

Subtype: Combination Products: Therapeutic or diagnostic products that
combine two or more regulated components: drugs, medical devices, and/or
biological products

Subtype: Digital Therapeutics: Evidence-based software interventions that
prevent, manage, or treat medical disorders or diseases

Subtype: Drug Discovery: Utilization of machine learning and biodesign tools
(BDTs) to aid in drug discovery from molecule libraries

Subtype: Extended Protein-based Therapeutics: Modified versions of protein
drugs designed to prolong their therapeutic effects and improve their
pharmacokinetic properties

Subtype: Extracellular Vesicle Therapeutics: An emerging class of treatments
that utilize naturally occurring or bioengineered nanoparticles secreted by cells
to deliver therapeutic agents or elicit beneficial effects in recipient cells

Subtype: Gene Therapy and Synthesis: Introducing, removing, creating, or
altering genetic material within cells to treat or prevent disease

Subtype: Monoclonal Antibodies: Engineered antibodies for targeted treatment
of diseases like cancer and autoimmune disorders

Subtype: Personalized Medicine Approaches: Tailor medical treatments and
preventive strategies to individual patients based on their unique genetic,
environmental, and lifestyle factors
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3.5.3.13. Subtype: RNA-based Therapeutics: Including messenger RNA (mRNA) vaccines
(e.g., COVID-19 vaccines) and other RNA therapeutics

3.5.4. Type: Regenerative Medicine: A field of medicine that focuses on repairing, replacing,
or regenerating damaged tissues and organs using techniques such as stem cell therapy,
tissue engineering, and gene editing

3.5.4.1. Subtype: Blood Alternative: Shelf-stable resuscitation fluid via bio-artificial and
synthetic components to replace volume and oxygen, while stopping a bleed

3.5.4.2. Subtype: Gene Editing for Regenerative Medicine: Using technology like
Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) to correct
genetic disorders at the cellular level

3.5.4.3. Subtype: Organ-on-a-Chip: Microfluidic devices that simulate human organs for
drug testing, disease modeling, and personalized medicine

3.5.4.4. Subtype: Stem Cell Therapy: Using stem cells to regenerate damaged tissues or
organs, with applications in treating neurological, cardiovascular, and
musculoskeletal disorders

3.5.4.5. Subtype: Tissue Engineering: Growing functional tissues or organs from cells in
the lab for transplantation or research

3.5.5. Type: Synthetic Biology: Combines biology and engineering to create new biological
parts, devices, and systems, or to improve existing ones

3.5.5.1. Subtype: Agriculture: Creating products such as pest-resistant crops
3.5.5.2. Subtype: Healthcare: Innovations in drug production
3.5.5.3. Subtype: Manufacturing: Developing biofuels and bioplastics

3.6. Subcategory: Veterinary Biotechnology

3.6.1. Type: Animal Health: Development of vaccines, diagnostics, and therapeutics for
diseases affecting livestock, pets, and wildlife

3.6.2. Type: Biopharmaceuticals for Animals: Development of biological drugs or therapeutics
for animal diseases, similar to biopharmaceuticals for humans

3.6.3. Type: Genetic Improvement of Livestock: Genetic engineering or selective breeding to
improve traits such as disease resistance, productivity, and quality of meat, milk, or
wool

3.6.4. Type: Reproductive Biotechnology: Techniques such as artificial insemination, embryo
transfer, and cloning used to enhance breeding in animals
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4. CATEGORY: BIOMANUFACTURING

Biomanufacturing refers to the production of goods using biological systems, organisms, or components
(cells, enzymes, etc.) on an industrial scale. This category supports the scalable production of bio-based
products in industries like pharmaceuticals, agriculture, food, and energy.

4.1. Subcategory: Agricultural Biomanufacturing

4.1.1.

4.1.2.

4.1.3.

4.1.4.

Type: Bio-based Soil Amendments: Manufacturing bio-fertilizers and organic
amendments that improve soil health and crop yields

Type: Biological Fertilizers and Pesticides: Large-scale production of bio-based fertilizers
and pest control products, such as microbial inoculants or biopesticides

Type: Biostimulants: Manufacturing of products that enhance plant growth or
resilience, such as seaweed extracts, growth hormones, or beneficial microbes

Type: Insect-based Protein: Producing insect protein for animal feed or human
consumption as an alternative to traditional animal-based proteins

4.2. Subcategory: Biomaterials Manufacturing

4.2.1.

4.2.2.

4.2.3.

4.2.4.

4.2.5.

4.2.6.

Type: Biochemicals: Biomanufacturing of industrial chemicals such as organic acids,
amino acids, solvents, and biopolymers from renewable resources

Type: Biocompatible Materials: Manufacturing materials compatible with biological
systems for use in medical devices, implants, and prosthetics

Type: Biodegradable Plastics: Manufacturing environmentally friendly plastics from
renewable biological feedstocks such as corn starch, algae, or microorganisms

Type: Biofuels Production: Manufacturing renewable energy (e.g., ethanol, biodiesel)
from biomass sources like corn, sugarcane, algae, or waste materials

Type: Enzyme Manufacturing: Production of enzymes for industrial applications, such as
in detergents, food processing, textiles, paper, and biofuels

Type: Nanomaterials: Creating bio-based nanomaterials for use in a variety of
applications, from drug delivery systems to diagnostics and sensors

4.3. Subcategory: Biopharmaceutical Manufacturing

4.3.1.

4.3.2.

4.3.3.

Type: Biosimilars: The production of biologically similar versions of already-approved
biologic drugs once their patents expire, improving access to treatments

Type: Cell Culture Manufacturing: Growing cells in bioreactors to produce
biopharmaceuticals like monoclonal antibodies, vaccines, and therapeutic proteins

Type: Gene Therapy Production: Manufacturing viral vectors, plasmids, or other
delivery mechanisms for gene therapy applications
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4.4.

4.5.

4.6.

CGC

4.3.4.

4.3.5.

Type: Protein Purification: Separating and purifying proteins, enzymes, or other
biological substances from culture medium or biological tissues for use in therapeutics

Type: Vaccine Production: Large-scale manufacturing of vaccines using cell-based
systems, viral vectors, or recombinant DNA technology

Subcategory: Cell and Tissue Manufacturing

4.4.1.

4.4.2.

4.4.3.

Type: 3D Bioprinting: Creating complex biological structures (e.g., tissues, organs) using
3D printing technology and living cells

Type: Cell Therapy Production: Large-scale culture and processing of cells for
therapeutic applications, such as stem cell-based treatments for regenerative medicine

Type: Tissue Engineering: Manufacturing engineered tissues or scaffolds for
transplantation or for use in drug testing, including organs-on-a-chip

Subcategory: Food and Beverage Biomanufacturing

4.5.1.

4.5.2.

4.5.3.

4.5.4.

Type: Alternative Protein Production: Manufacturing plant-based proteins and lab-
grown meat products to reduce the environmental impacts of animal agriculture

Type: Fermentation: Industrial fermentation processes for producing food and
beverages like beer, yogurt, bread, and cheese using microorganisms

Type: Food Additives and Flavors: Production of bio-based flavors, colorants, and food
preservatives through fermentation or enzymatic processes

Type: Probiotics: Biomanufacturing of beneficial bacteria for use in functional foods,
dietary supplements, and healthcare products

Subcategory: Manufacturing Technology

4.6.1.

4.6.2.

4.6.3.

4.6.4.

4.6.5.

Type: Advanced Automation and Robotics Systems: Technology that combines robotics,
artificial intelligence, and automation to perform complex tasks with minimal human
intervention

Type: Continuous Manufacturing Processes: Manufacturing methods designed to
produce goods in an uninterrupted flow without breaks or interruptions in the
production line

Type: Process Analytical Technology (PAT): A methodology used to design, control, and
analyze pharmaceutical manufacturing processes

Type: Quality by Design (QbD) Methodologies: A systematic approach to
pharmaceutical development and manufacturing that aims to ensure consistent delivery
of high-quality products

Type: Single-use Technology Integration: The incorporation of disposable components
and systems into biopharmaceutical production processes e.g. pre-sterilized, plastic-
based equipment designed for one-time use in various stages of bioprocessing
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4.7. Subcategory: Waste and Wastewater Treatment Biomanufacturing

4.7.1. Type: Bio-based Recovery of Resources: Using biomanufacturing processes to recover
valuable materials from waste, such as bio-based recovery of metals or plastics

4.7.2. Type: Bioreactors for Waste Treatment: Using biological processes (e.g., microbial
degradation) in bioreactors for industrial waste treatment or wastewater treatment
plants
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GCI Sector: Critical Minerals and Advanced Materials

5. CATEGORY: CRITICAL MINERALS

Critical minerals are those minerals that are essential to the functioning of modern technologies,
industries, and national economies. These minerals are vital for the production of renewable energy
systems, electronics, electric vehicles, and defense technologies.

5.1. Subcategory: Battery Metals

5.1.1.

5.1.2.

5.1.3.

5.1.4.

5.1.5.

5.1.6.

5.1.7.

5.1.8.

Type: Antimony: Plays a critical role in ammunition primers, tracer rounds, and
explosives. Additionally, it contributes to nuclear safety by providing radiation shielding
and aiding in tritium production

Type: Cobalt: Vital for lithium-ion batteries, cobalt stabilizes the battery and improves
energy density

Type: Copper: The electrical conductivity supports advanced defense technologies
including circuit boards and fighter jets

Type: Graphite: Both natural and synthetic graphite are used in the anodes of lithium-
ion batteries

Type: Lithium: A key element used in lithium-ion batteries for electric vehicles, energy
storage, and portable electronics

Type: Manganese: Important for battery production, especially in lithium-manganese-
oxide (LMO) batteries

Type: Nickel: Used in the production of high-energy-density batteries, particularly in the
growing market for EVs

Type: Vanadium: Used in vanadium redox flow batteries, which are essential for grid-
scale energy storage

5.2 Subcategory: Ferroalloys and Steel Alloys

5.2.1.

5.2.2.

5.2.3.

Type: Chromium: Essential for the production of stainless steel and various high-
strength steel alloys

Type: Molybdenum: Important for making steel stronger, especially for high-stress
industrial and aerospace applications

Type: Vanadium: Used to produce high-strength steel and other alloys for construction,
manufacturing, and military use
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5.3.

5.4.

5.5.

5.6.

5.7.

5.8.

CGC

Subcategory: Industrial Minerals
5.3.1. Type: Magnesium: Used in lightweight alloys for automotive and aerospace industries

5.3.2. Type: Titanium: Used in aerospace, defense, and energy production, including in aircraft
components and industrial applications due to its strength and corrosion resistance

5.3.3. Type: Tungsten: Known for its high melting point and hardness, tungsten is used in
military applications, as well as in cutting tools and high-performance electronics

5.3.4. Type: Zinc: Used in galvanization to protect steel from corrosion and in batteries

5.3.4.1. Subtype: Gallium: Used in the production of LEDs, solar cells, and
semiconductors

5.3.4.2. Subtype: Germanium: A crucial component in high-speed electronics and
optical fibers

Subcategory: Precious Metals

5.4.1. Type: Platinum Group Metals (PGMs): Includes platinum, palladium, and rhodium,
which are critical for catalytic converters in vehicles, hydrogen fuel cells, and other
industrial processes

Subcategory: Rare Earth Elements (REEs)

5.5.1. Type: Lanthanides: A group of elements, including neodymium, dysprosium, and
praseodymium, essential for producing magnets used in electric motors, wind turbines,
and electronics

Subcategory: Semiconductor Materials

5.6.1. Type: Indium: Often used in the production of touchscreens, flat-panel displays, and
solar panels

5.6.2. Type: Silicon: The primary material used in semiconductor devices, including microchips,
solar cells, and electronics

Subcategory: Strategic and Defense Materials

5.7.1. Type: Beryllium: Lightweight, strong, and used in aerospace, military, and
telecommunications applications

5.7.2. Type: Tantalum: Used in electronics, especially in capacitors and high-performance
components in the defense and aerospace sectors

5.7.3. Type: Zirconium: Important in nuclear reactors, aerospace, and defense systems due to
its resistance to heat and corrosion

Subcategory: Supply Chain and Recycling

5.8.1. Type: New Technology and Process Engineering for Refining Critical Minerals: These
enable the domestic refinement and sale of minerals critical for manufacturing modern,
high-tech products used in commercial and industrial applications
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5.8.2. Type: Recycling of Lithium-lon Batteries: Developing technology to recover valuable
metals like lithium, cobalt, nickel, and graphite from used batteries

5.8.3. Type: Recycling of Rare Earths and Critical Metals: The recovery and reuse of rare
earths and other critical minerals from electronics, batteries, and other discarded
products to reduce dependence on primary mining
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6. CATEGORY: ADVANCED MATERIALS

Advanced materials are those that have been engineered to provide superior performance for specific
applications, often involving breakthroughs in chemistry, nanotechnology, and material science. These
materials are used in everything from electronics to aerospace and renewable energy systems.

6.1. Subcategory: Advanced Polymers

6.1.1.

6.1.2.

6.1.3.

6.1.4.

Type: Bio-based and Biodegradable Polymers: Polymers derived from renewable
resources (e.g., Polylactic acid (PLA) and polyhydroxyalkanoates (PHA)) for use in
packaging, medical devices, and sustainable manufacturing

Type: Carbon Fiber Composites: Lightweight, high-strength materials used extensively in
aerospace, automotive, and sports equipment

Type: High-Performance Polymers: Polymers with enhanced thermal, mechanical, and
chemical resistance used in industries like aerospace, automotive, and electronics (e.g.,
polyetheretherketone (PEEK), polyimides)

Type: Thermoplastic Composites: Polymers reinforced with materials like carbon or
glass fibers, offering improved strength, lightweight properties, and recyclability

6.2. Subcategory: Biomaterials

6.2.1.

6.2.2.

6.2.3.

6.2.4.

6.2.5.

6.2.6.

6.2.7.

6.2.8.

Type: Bioactive Glasses: Materials that can promote tissue growth and healing, often
used in medical implants and regenerative medicine

Type: Biodegradable Polymers: Materials that decompose naturally over time, used in
medical devices, packaging, and environmental applications

Type: Biofuel: Advanced biofuels expand military energy sources, improving reliability
and operational flexibility

Type: Bioindustrials: Bioindustrial processes can create energy-dense propellants,
explosives, reactive coatings, textiles, and optical materials for military use

Type: Biomimetic: Use processes learned from nature, e.g., water management,
strength-enhancement using complex structures or tensile enhancement copying spider
silk

Type: Bioremediation: Bioremediation helps clean up long-standing contamination
issues at defense and civilian sites, reducing long-term health and environmental risks to
military personnel and surrounding communities

Type: Neural Implants: This technology is focused on enhancing warfighter capabilities
and improving military operations

Type: Tissue Engineering Scaffolds: Biomaterials used to support the growth of new
tissues in regenerative medicine
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6.3.

6.4.

6.5.

CGC

Subcategory: Ceramics and Glasses

6.3.1.

6.3.2.

6.3.3.

Type: Advanced Ceramics: Materials that are engineered for use in harsh environments,
such as high temperatures, corrosive environments, or high-stress applications (e.g., in
aerospace, medical implants, and electronics)

Type: Glass and Optics: Specialized glass materials, such as optical fibers, transparent
ceramics, and glass for photonics, used in telecommunications, medical devices, and
electronics

Type: Refractory Materials: Ceramics and compounds designed to withstand extreme
temperatures and are used in industrial furnaces, nuclear reactors, and aerospace
applications

Subcategory: Designed Materials

6.4.1.

6.4.2.

6.4.3.

6.4.4.

6.4.5.

Type: Energetic Materials: This technology is used in military applications ranging from
flares and decoys to propellants

Type: Metamaterials: This technology can be used to create "invisible" military vehicles
by manipulating electromagnetic waves, potentially rendering tanks, aircraft, and
submarines undetectable to radar, sonar, and even the human eye

Type: Molecular Materials: This technology is used in military applications ranging from
explosives and propellant to sensors and detectors

Type: Radiation-Resistant Materials: This technology is used in military applications
ranging from satellite components to nuclear weapons detection

Type: Structural Materials: This technology is used in military applications ranging from
lightweight armor to aerospace structures

Subcategory: Electronics and Semiconductor Materials

6.5.1.

6.5.2.

6.5.3.

6.5.4.

Type: Flexible Electronics: Materials like organic semiconductors and flexible substrates
used in wearable electronics, Organic Light-Emitting Diode (OLED) displays, and flexible
solar panels

Type: Photonic Materials: Materials used in the production of devices that manipulate
light (e.g., lasers, optical fibers, and photonic crystals)

Type: Quantum Materials: Materials that exhibit quantum mechanical effects, used in
guantum computing, quantum sensing, and other advanced technologies

Type: Semiconductor Materials: Materials such as silicon, gallium arsenide, and indium
phosphide that are used in the production of microchips, light-emitting diodes (LEDs),
and transistors
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6.6.

6.7.

6.8.

6.9.

CGC

Subcategory: Energy Materials

6.6.1.

6.6.2.

6.6.3.

6.6.4.

Type: Energy Storage Materials: Materials for high-capacity batteries, supercapacitors,
and other energy storage systems, including lithium, sodium-ion, and solid-state battery
materials

Type: Hydrogen Storage Materials: Materials engineered to store hydrogen safely and
efficiently for fuel cell applications and other hydrogen-based technologies

Type: Superconducting Materials: Materials that conduct electricity with zero
resistance at very low temperatures, used in applications like MRI machines, maglev
trains, and energy transmission

Type: Thermal Management Materials: Materials designed to efficiently manage heat
flow, including heat sinks, thermal interface materials (TIMs), and phase change
materials (PCMs)

Subcategory: Metals and Alloys

6.7.1.

6.7.2.

6.7.3.

6.7.4.

Type: Corrosion-Resistant Alloys: Materials such as stainless steel and special titanium
alloys used in harsh chemical environments (e.g., marine, oil and gas, and chemical
processing industries)

Type: High-Strength Steel: Steel alloys that offer improved mechanical properties,
especially for use in the automotive and construction industries

Type: Lightweight Alloys: Alloys like aluminum, titanium, and magnesium, which are
engineered for strength-to-weight ratio, important in the automotive, aerospace, and
military industries

Type: Superalloys: High-performance alloys capable of withstanding extreme
temperatures and pressures, used in aerospace engines, turbines, and power generation

Subcategory: Nanomaterials

6.8.1.

6.8.2.

6.8.3.

6.8.4.

Type: Carbon Nanomaterials: Includes carbon nanotubes and graphene, which have
exceptional strength, conductivity, and thermal properties for use in electronics, energy
storage, and materials engineering

Type: Nanocomposites: Materials that incorporate nanoparticles into a matrix to
enhance properties such as strength, conductivity, or flexibility

Type: Nanostructured Coatings: Ultra-thin coatings that enhance the performance of
materials, such as self-healing coatings, anti-corrosion layers, or high-performance films

Type: Quantum Dots: Nanoscale semiconductor materials used in optoelectronics,
photovoltaics, and displays

Subcategory: Smart Materials

6.9.1.

Type: Photovoltaic Materials: Materials, including organic photovoltaics and perovskite
materials, that convert sunlight into electricity for solar energy applications
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6.9.2. Type: Piezoelectric Materials: Materials that generate electricity when mechanically
stressed, used in sensors, actuators, and energy harvesting systems

6.9.3. Type: Shape Memory Alloys: Materials that can "remember" their original shape and
return to it when heated, used in medical devices, robotics, and aerospace

6.9.4. Type: Thermoelectric Materials: Materials that can convert heat into electricity, often
used in power generation or waste heat recovery
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GCI Sector: Cybersecurity, Space, and Defense
Technology

7. CATEGORY: CYBERSECURITY

Cybersecurity involves the protection of systems, networks, devices, and data from cyber threats,
including unauthorized access, attacks, or damage. As digital transformation continues, cybersecurity is
becoming increasingly vital across all sectors.

7.1. Subcategory: Application Security

7.1.1. Type: DevSecOps: Tools for integrating security practices into the software development
lifecycle, ensuring that security is considered at every stage

7.1.2. Type: Secure Software Development Lifecycle (SDLC): Tools for ensuring security
practices are embedded throughout the design, development, and deployment of
software applications

7.1.3. Type: Static and Dynamic Application Security Testing (SAST/DAST): Tools for analyzing
applications for vulnerabilities, both during development (static) and in runtime
(dynamic)

7.2 Subcategory: Cloud Security

7.2.1. Type: Cloud Access Security Brokers (CASBs): Solutions that help enforce security
policies for cloud services, protecting against data breaches and misuse

7.2.2. Type: Cloud Infrastructure Security: Tools such as AWS, Microsoft Azure, and Google
Cloud, which are used to secure cloud platforms; protecting them from internal and
external threats

7.2.3. Type: Identity and Access in the Cloud: Tools which manage access to cloud resources
through authentication, identity verification, and authorization

7.3.  Subcategory: Cyber Threat Intelligence (CTI)

7.3.1. Type: Malware Analysis: Tools which enable investigating malware to understand its
functionality, origin, and potential mitigation strategies

7.3.2. Type: Threat Hunting: Tools which enable users to proactively search for signs of
compromise within networks or endpoints to identify potential threats

7.3.3. Type: Threat Intelligence Platforms: Tools that gather, analyze, and disseminate
information about emerging threats to help organizations prepare and respond
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7.4.

7.5.

7.6.

7.7.

CGC

Subcategory: Data Protection and Encryption

7.4.1.

7.4.2.

7.4.3.

Type: Data Loss Prevention (DLP): Systems designed to detect and prevent the
unauthorized transmission or loss of sensitive data

Type: Encryption Technology: Methods for securing data in transit and at rest to
prevent unauthorized access or breaches

Type: Secure Data Storage: Solutions for protecting data storage, ensuring data is
encrypted, isolated, and backed up regularly

Subcategory: Endpoint Security

7.5.1.

7.5.2.

7.5.3.

7.5.4.

Type: Antivirus and Anti-Malware: Software designed to detect and remove malicious
software from computers, mobile devices, and other endpoints

Type: Endpoint Detection and Response (EDR): Advanced systems for monitoring,
detecting, and responding to threats across endpoints

Type: Mobile Device Management (MDM): Tools that manage and secure employees'
mobile devices used in business

Type: Patch Management: Technology used to update software and firmware on
devices to prevent exploitation of vulnerabilities

Subcategory: Governance, Risk, and Compliance (GRC)

7.6.1.

7.6.2.

7.6.3.

7.6.4.

Type: Compliance Management: Tools which facilitate ensuring adherence to
standards, regulations, and frameworks such as General Data Protection Regulation
(GDPR) and Payment Card Industry Data Security Standard (PCI-DSS)

Type: Cyber Insurance: This form of insurance covers a business' liability for a data
breach involving sensitive customer information. It also assists with notifying customers
about a data breach, restoring personal identities of affected customers, recovering
compromised data, and repairing damaged computer systems.

Type: Risk Management: Tools which assist with Identifying and assessing potential
risks to the organization and implementing mitigation strategies

Type: Security Auditing: Tools that facilitate auditing security measures, controls, and
procedures to ensure that they are effective and compliant with regulations

Subcategory: Identity and Access Management (IAM)

7.7.1.

7.7.2.

7.7.3.

Type: Authentication Systems: Technology for verifying user identity, such as multi-
factor authentication (MFA), biometrics, and smartcards

Type: Privileged Access Management (PAM): Tools to control and monitor privileged
accounts that have elevated access to critical systems

Type: Role-based Access Control (RBAC): A method of restricting system access to
authorized users based on their roles within the organization
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7.7.4.

Type: Single Sign-On (SSO): Solutions that allow users to access multiple applications
with one set of credentials, improving security and user experience

7.8. Subcategory: Incident Response and Recovery

7.8.1.

7.8.2.

7.8.3.

Type: Disaster Recovery and Business Continuity: Ensuring that organizations can
recover critical operations after an attack or disaster, often through backup solutions
and resilient infrastructure

Type: Incident Response Planning Tools: Tools which facilitate developing processes
and teams to handle and mitigate the impact of cyber-attacks

Type: Security Incident and Event Management (SIEM): Platforms that aggregate,
analyze, and respond to security alerts from different systems in real time

7.9. Subcategory: Network Security

7.9.1.

7.9.2.

7.9.3.

7.9.4.

7.9.5.

Type: Cybersecurity for Data Centers: The practice of protecting the data and
infrastructure within a data center from cyber threats such as unauthorized access,
malware, and data breaches

Type: Firewalls and Intrusion Detection/Prevention Systems (IDS/IPS): Tools to monitor
and block malicious traffic or unauthorized access to networks

Type: Network Monitoring and Traffic Analysis: Tools and systems for analyzing
network traffic to detect anomalies or threats in real-time

Type: Virtual Private Networks (VPNs): Encrypted connections to ensure secure
communication over the internet

Type: Zero Trust Architecture: Security model that assumes no one, inside or outside
the organization, is trustworthy until proven otherwise
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8. CATEGORY: SPACE TECHNOLOGY

The space industry includes technologies and services related to space exploration, satellite
communication, Earth observation, and space-based applications. These categories span from launching
rockets to satellite systems and space research.

8.1. Subcategory: Earth Observation and Remote Sensing

8.1.1.
8.1.2.

8.1.3.

8.1.4.

8.1.5.

8.1.6.

8.1.7.

8.1.8.

8.1.9.

Type: Experimental Projects: \Ventures such as the reusable spaceplane (X-37B)

Type: Imaging Satellites: Satellites equipped with sensors to capture high-resolution
images for applications such as weather forecasting, agricultural monitoring, and
disaster response

Type: Overhead Persistent Infrared (OPIR): This technology uses infrared sensors to
detect and track missile launches. It is used in satellites to provide early warning of
potential missile attacks

Type: Nuclear Event Detection: This technology uses sensors to detect radiation from
nuclear explosions. It includes satellites, ground-based sensors, and radiation-hardened
electronics

Type: Space Based (ISR): A space-based intelligence, surveillance, and reconnaissance
system that uses satellites to gather and analyze data about the Earth

Type: Space Weather Monitoring Tools: Which leverage a network of ground-based
instruments and dedicated space-based satellites to measure solar phenomena such as
solar flares, coronal mass ejections, and changes in the solar winds

Type: Synthetic Aperture Radar (SAR): Satellites that use radar waves to capture high-
resolution images regardless of weather or time of day, used for mapping and
surveillance

Type: Weather and Environmental Monitoring: Satellites designed to monitor
environmental conditions, including pollution and deforestation.

Type: Weather Satellites: These tools can provide critical global weather and space
weather data to support Department of Defense (DOD) operations

8.2.  Subcategory: Satellite Communications (Satcom)

8.2.1.

8.2.2.

8.2.3.

Type: Geostationary Satellites: Satellites that provide communication over fixed areas
on Earth, widely used for television broadcasting, weather forecasting, and internet
services

Type: Low Earth Orbit (LEO) Satellites: Small, low-cost satellites that offer global
broadband coverage, often used for remote sensing, Internet of Things (loT), and
communications

Type: Satellite Constellations: Networks of interconnected satellites that provide global
coverage for communications, navigation, and Earth observation
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8.3. Subcategory: Space-Based Navigation Systems

8.3.1. Type: Augmented GNSS: Enhancements to Global Navigation Satellite System (GNSS)
technology for higher precision and reliability, such as real-time kinematic (RTK)
positioning for autonomous vehicles or agriculture

8.3.2. Type: Global Navigation Satellite Systems (GNSS): Systems like Global Positioning
System (GPS) (USA) and Global Navigation System (GLONASS) (Russia); used for
providing positioning, navigation, and timing services

8.3.3. Type: Satellite-based Timing Systems: Providing highly accurate time synchronization
for financial systems, telecommunications, and navigation

8.4. Subcategory: Space Cybersecurity

8.4.1. Type: Satellite Network Security: Safeguarding the communication channels and data
transmissions between satellites and Earth-based stations from cyberattacks

8.4.2. Type: Spacecraft and Satellite Protection: Ensuring that space systems, including
satellites and spacecraft, are secure from hacking or physical attack

8.4.3. Type: Space Data Encryption: Encrypting data stored on or transmitted by space-based
assets to prevent interception or manipulation by malicious actors

8.5. Subcategory: Space Exploration and Research

8.5.1. Type: Human Spaceflight: Technology and missions related to sending humans into
space for exploration, research, and/or commercial purposes

8.5.2. Type: Interplanetary Travel: Developing propulsion systems and spacecraft to travel
beyond Earth’s orbit, aiming for missions to the Moon, Mars, and beyond

8.5.3. Type: Robotic Space Missions: Unmanned spacecraft designed for planetary
exploration, such as Mars rovers or asteroid missions

8.5.4. Type: Space Telescopes: Instruments placed in orbit to study distant objects and
phenomena, such as the Hubble Space Telescope or the James Webb Space Telescope

8.6. Subcategory: Space Launch Systems and Rocketry
8.6.1. Type: Heavy-Lift Rockets: Large rockets designed to launch massive payloads into space

8.6.2. Type: Reusable Rockets: Rockets designed to return to Earth; they can be reused for
multiple launches

8.6.3. Type: Small Satellite Launch Vehicles: Compact rockets optimized for delivering smaller
payloads to orbit, catering to the growing small satellite industry

8.7.  Subcategory: Space Manufacturing and In-Orbit Services

8.7.1. Type: In-Orbit Assembly: Technology for building large structures, such as space stations
or telescopes, directly in space using robotic systems or human labor
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8.7.2. Type: In-Orbit Servicing: Techniques for maintaining or repairing satellites and other
space infrastructure while in orbit (e.g., refueling, component replacements)

8.7.3. Type: Space Mining: Mining asteroids and the Moon for valuable resources like water,
metals, and rare elements that can be used for manufacturing or fuel

8.8.  Subcategory: Space Tourism and Commercial Ventures

8.8.1. Type: Orbital Space Tourism: More advanced forms of tourism involving stays in space
stations or longer-duration space flights

8.8.2. Type: Private Space Companies: Firms that are actively engaged in commercial space
exploration, transport, and satellite deployment

8.8.3. Type: Suborbital Space Tourism: Companies offering brief, suborbital space flights for
commercial tourists
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9. Category: Defense Technology

Defense technology involves the research, development, and deployment of systems and equipment
designed to ensure national security, protect military personnel, and support defense operations. This
sector includes land, air, sea, and cyber defense technology.

9.1.  Subcategory: Advanced Defense Sensors and Surveillance

9.1.1. Type: Infrared and Night Vision: Thermal imaging and night vision technology that
allows military forces to operate in low-visibility environments

9.1.2. Type: Radar Systems: Advanced radar for air defense, surveillance, and missile tracking

9.1.3. Type: Signal Intelligence (SIGINT): Systems for intercepting and analyzing electronic
communications or signals for intelligence gathering

9.2 Subcategory: Autonomous Defense Systems

9.2.1. Type: Autonomous Underwater Vehicles (AUVs): Used for naval operations, such as
reconnaissance, mine detection, or search and rescue.

9.2.2. Type: Unmanned Aerial Vehicles (UAVs) / Drones: Used for surveillance,
reconnaissance, or even combat missions, such as the MQ-9 Reaper drone

9.2.3. Type: Unmanned Ground Vehicles (UGVs): Robots or autonomous vehicles designed to
perform military operations, including surveillance and explosive ordnance disposal
(EOD)

9.2.4. Type: Unmanned Underwater Vehicles (UUVs): Submersible vehicles that can operate
underwater without a human on board.

9.3. Subcategory: Combat Systems and Weaponry

9.3.1. Type: Directed Energy Weapons (DEWs): High-energy lasers and microwave weapons
designed to disable or destroy targets, including missiles, drones, or other vehicles

9.3.2. Type: Next-Generation Fighter Jets: Advanced aircraft with stealth capabilities, such as
the F-35 Lightning Il

9.3.3. Type: Precision-Guided Munitions (PGMs): Missiles and bombs that are guided to their
targets with high precision, reducing collateral damage

9.4. Subcategory: Cyber Warfare and Electronic Warfare

9.4.1. Type: Cyber Defense: Technology that protects military networks, communication
systems, and data from cyberattacks and espionage

9.4.2. Type: Electronic Warfare (EW): Technology designed to disrupt or disable enemy
electronic systems, including jamming, spoofing, and electronic countermeasures
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9.4.3. Type: Offensive Cyber Operations: Cyberattack capabilities which infiltrate, disable, or
damage enemy military infrastructure or communications

9.5. Subcategory: Defense Infrastructure and Logistics

9.5.1. Type: Fortifications and Defensive Systems: Advanced materials and systems designed
to protect military bases and personnel from air, ground, or cyber threats

9.5.2. Type: Military Communication Systems: Secure communication technology ensuring
encrypted and reliable communication between military units in the field

9.5.3. Type: Military Logistics and Supply Chain Systems: Technology that ensures the rapid
and efficient delivery of supplies, equipment, and ammunition

9.6. Subcategory: Intelligence, Surveillance, and Reconnaissance (ISR)

9.6.1. Type: Drones for ISR: UAVs used for gathering intelligence through visual, infrared, and
electronic sensors

9.6.2. Type: Signal Intelligence (SIGINT): Systems to intercept and analyze enemy
communications for military advantage

9.6.3. Type: Spy Satellites: High-resolution imaging satellites for real-time surveillance and
reconnaissance

9.7. Subcategory: Military Robotics

9.7.1. Type: Robotic Combat Vehicles: Autonomous or remotely controlled land vehicles used
in combat or support roles

9.7.2. Type: Robotic Exoskeletons: Wearable devices that enhance the physical strength and
endurance of soldiers, enabling them to carry heavier loads and reduce fatigue

9.7.3. Type: Robotic Medical Evacuation: Autonomous systems designed to evacuate injured
personnel from the battlefield

9.8. Subcategory: Missile Defense Systems

9.8.1. Type: Anti-Aircraft and Anti-Missile Systems: Defense technology that protects against
threats from enemy aircraft or missiles, such as the Iron Dome or Patriot missile systems

9.8.2. Type: Ballistic Missile Defense (BMD): Systems like the U.S. Terminal High Altitude Area
Defense (THAAD) or Aegis Ballistic Missile Defense designed to intercept and destroy
incoming missiles

9.8.3. Type: Directed Energy Weapons (DEWs): Lasers or microwave-based systems designed
to disable or destroy incoming threats like missiles or drones
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GCI Sector: Energy Security

10. Category: Energy Security

Energy Security is a broad category comprising various subsectors that focus on the production,
distribution, and consumption of energy.

10.1. Subcategory: Bioenergy

10.1.1. Type: Algae-Based Biofuels: Fuels developed from algae, which have the potential for
higher yields and lower land use compared to traditional biofuels

10.1.2. Type: Biofuels: Liquid fuels derived from organic matter, such as ethanol (from crops
like corn and sugarcane), biodiesel (from plant oils), and algae-based biofuels

10.1.3. Type: Biogas: Methane produced through anaerobic digestion of organic waste (e.g.,
agricultural waste, sewage, food waste) used for electricity generation or as vehicle fuel

10.1.4. Type: Waste-to-Energy (WtE): Technology that converts non-recyclable waste materials
into electricity, heat, or biofuels through combustion, gasification, or anaerobic
digestion

10.2. Subcategory: Coal Industry

10.2.1. Type: Carbon Sequestration Technology: Provider of carbon capture and storage (CCS);
a process that captures the carbon dioxide from coal fired plants, compresses it, and
transports it to underground storage sites like depleted oil reservoirs or saline aquifers

10.2.2. Type: Coal Mining and Processing Companies: Firms that extract coal from the ground
and prepare it for use as an energy source.

10.2.3. Type: Companies Managing Thermal Power Plants to Generate Electricity: Companies
such as utilities, energy corporations, and specialized firms, that manage thermal power
plants to generate electricity.

10.3. Subcategory: Electric Power

10.3.1. Type: Generation: Production of electricity using fossil fuels, nuclear power, or
renewable energy

10.3.2. Type: Distribution: Delivery of electricity from substations to end users, including homes
and businesses

10.3.3. Type: Energy Management Services: An ecosystem of companies managing energy
consumption of buildings and other types of demand response services

10.3.4. Type: Transmission: High-voltage transport of electricity from power plants to
substations
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10.3.5. Type: Wholesale and Retail Commercialization: The ecosystem of companies that
specialize in electric power space in packaging and selling different risk management
products

10.4. Subcategory: Energy Resilience and Transition

10.4.1. Type: Decentralized Renewable Energy Systems: Off-grid or distributed renewable
energy sources (solar, wind, bioenergy) to provide power to communities in remote or
vulnerable areas

10.4.2. Type: Microgrids: Localized, self-sustaining energy systems that can operate
independently of the main grid in case of emergencies or disruptions caused by extreme
weather events

10.5. Subcategory: Energy Services

10.5.1. Type: Service Providers Supporting the Energy Industry: Companies providing integral
services such as drilling, engineering, and project management for oil and gas or
renewable projects

10.6. Subcategory: Energy Storage and Grid Technology

10.6.1. Type: Battery Storage: Use of batteries (e.g., lithium-ion, solid-state, flow batteries) to
store energy generated from renewable sources for later use, ensuring reliability and
availability

10.6.2. Type: Data Center Power & Cooling Management: Technology and practices that
ensure efficient energy distribution and temperature regulation

10.6.2.1. Subtype: Advanced Cooling Systems: Technology that enables users to manage
heat with liquid cooling, immersion cooling, and HVAC systems

10.6.2.2. Subtype: Energy Efficiency Optimization: Al-powered resource management to
reduce power consumption

10.6.2.3. Subtype: Redundant Power Supply: Technology that ensures uninterrupted
operations with backup generators and UPS system

10.6.3. Type: Grid Modernization: Technology and systems for improving the efficiency,
flexibility, and resilience of electrical grids, including smart grids, microgrids, and
demand response systems

10.6.4. Type: Hydrogen Storage: An option which uses hydrogen as an energy carrier to store
renewable energy for later use, particularly in transportation and industrial sectors

10.6.5. Type: Pumped Hydro Storage: Storage which uses excess energy to pump water uphill
into reservoirs, which can later be released to generate electricity when demand is high

10.7. Subcategory: Energy Technology and Equipment

10.7.1. Type: Companies Manufacturing and Developing Technology for Energy Production,
Storage, and Efficiency: These companies produce batteries, turbines, smart grids, etc.
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10.7.2. Type: Specialty Companies: Companies involved in manufacturing the components on
the supply chain of transmission such as transformers, cables, etc.

10.8. Subcategory: Flood and Coastal Protection

10.8.1. Type: Flood Barriers and Levees: Physical infrastructure to protect coastal and low-lying
areas from rising sea levels and storm surges

10.8.2. Type: Flood Forecasting and Early Warning Systems: Technology that predicts and
monitors floods, providing advanced warnings to reduce damage and save lives

10.8.3. Type: Groundwater Recharge: Innovations for managing rainwater and runoff to
prevent flooding, improve groundwater recharge, permeable pavement, direct injection,
and reduce the urban heat island effect

10.8.4. Type: Living Shorelines: Natural or nature-based solutions that use vegetation, sand, or
other organic materials to stabilize shorelines and reduce coastal erosion

10.9. Subcategory: Geothermal Energy

10.9.1. Type: Enhanced Geothermal Systems (EGS): Technology aimed at enhancing or creating
geothermal reservoirs in regions that are not naturally geothermal-rich

10.9.2. Type: Geothermal Heating and Cooling: Pumps which utilize the Earth’s stable
temperatures for residential and commercial heating and cooling.

10.9.3. Type: Geothermal Power Plants: Centers which use heat from the Earth’s interior to
generate electricity by tapping into geothermal reservoirs

10.10.  Subcategory: Hydrogen Energy

10.10.1. Type: Blue Hydrogen: Hydrogen produced from natural gas with carbon capture and
storage to reduce emissions

10.10.1.1.  Subtype: Carbon Capture & Storage (CCS) Technology: Technology that
captures carbon dioxide emissions from industrial and energy sources,
transports it, and securely stores it underground to reduce greenhouse gas
emissions

10.10.1.1.1. Application: Direct Air Capture (DAC): This technology removes carbon
dioxide directly from the atmosphere using chemical or physical
processes, enabling carbon removal, carbon utilization, or long-term
storage.

10.10.2. Type: Gray Hydrogen: Low cost and highly carbon-intensive method of hydrogen
production, which uses natural gas

10.10.3. Type: Green Hydrogen: Hydrogen produced using renewable electricity to split water
into hydrogen and oxygen (via electrolysis), considered a key future energy carrier

10.10.3.1. Subtype: Electrolyzer Technology: This technology enables the production of
hydrogen by using electricity to split water into hydrogen and oxygen, playing a
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crucial role in clean energy, industrial processes, and energy storage for a low-
carbon economy.

10.10.3.1.1. Application: Fuel Cell Systems: Fuel cell systems which generate
electricity through an electrochemical reaction, providing efficient,
clean, and reliable power for applications ranging from transportation
to stationary and portable energy solutions.

10.10.4. Type: Hydrogen Energy to Ammonia Transformation: A product which can be used to
store energy or fertilizer

10.10.5. Type: Hydrogen Fuel Cells: Devices that convert hydrogen directly into electricity,
primarily used for clean transportation (e.g., fuel cell vehicles) and stationary power
generation

10.10.6. Type: Pink Hydrogen: A product which uses nuclear energy to capture hydrogen from
water

10.11. Subcategory: Hydropower

10.11.1. Type: Large-Scale Hydropower: Traditional hydropower plants that use dams to store
and release water to generate electricity

10.11.2. Type: Run-of-River Hydropower: Hydropower plants that do not require dams, instead
using the natural flow of rivers to generate electricity

10.11.3. Type: Small-Scale Hydropower: Smaller, more localized systems, often designed for
rural or off-grid areas, with less environmental impact than large dams

10.11.4. Type: Tidal and Wave Energy: Technology that harnesses the energy from tides and
ocean waves to generate electricity

10.12. Subcategory: Nuclear Energy (Advanced Reactors)

10.12.1. Type: Advanced Fission Technology: New technology for nuclear fission that improves
safety, reduce waste, and increase the efficiency of conventional nuclear power plants

10.12.2. Type: Fusion Energy: The development of fusion reactors (e.g., International
Thermonuclear Experimental Reactor (ITER)) to replicate the process that powers the
sun, offering a potentially limitless and clean energy source

10.12.3. Type: Nuclear Power Plant Operations and Maintenance (O&M): The industry servicing
existing nuclear reactors

10.12.4. Type: Small Modular Reactors (SMRs): Smaller, safer, and more flexible nuclear
reactors that can be deployed in diverse locations and offer potential for clean energy
generation

10.13. Subcategory: Oil and Gas

10.13.1. Type: Downstream: Refining, processing, and distribution of oil and gas products (e.g.,
gasoline, diesel), as well as retail commercialization
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10.13.2. Type: Liquefied Natural Gas (LNG): The ecosystem involved with liquefying Natural Gas,
storing it and transporting it usually in vessels to specialized ports all over the world

10.13.3. Type: Midstream: Transportation, storage, and wholesale marketing of crude oil,
natural gas, and refined products (e.g., pipelines, tankers)

10.13.4. Type: Upstream: Exploration and production of oil and natural gas (e.g., drilling,
extraction)

10.14.  Subcategory: Renewable Energy Credits (RECs)

10.14.1. Type: Biomass RECs: Credits from investments in biomass energy, like burning organic
materials (biomass)

10.14.2. Type: Geothermal RECs: Credits awarded for each megawatt-hour of electricity
generated from a geothermal energy source

10.14.3. Type: Hydropower RECs: Credits related to investments in hydroelectric dams

10.14.4. Type: Solar RECs: Credits generated from investments in solar power plants

10.14.5. Type: Wind RECs: Credits from investments in wind turbines

10.15. Subcategory: Smart Infrastructure

10.15.1. Type: Disaster-Resilient Infrastructure: Developing infrastructure to withstand extreme
weather conditions, such as flooding-resistant roads, bridges, and airports

10.15.2. Type: Energy-Efficient Buildings: Retrofitting and designing buildings to minimize
energy consumption, improve insulation, and enhance resilience to heat waves and
storms.

10.16.  Subcategory: Solar Energy

10.16.1. Type: Concentrated Solar Power (CSP): Technology which uses mirrors or lenses to
focus sunlight onto a small area to generate high temperatures for electricity
generation, typically in large-scale power plants

10.16.2. Type: Photovoltaics (PV): Investments into technology providing the conversion of
sunlight directly into electricity using solar cells (e.g., silicon-based, thin-film, or
perovskite solar cells)

10.16.3. Type: Solar Storage: Technology which allows for the integration of energy storage
systems (e.g., batteries) with solar photovoltaic (PV) systems to store energy for use
when sunlight is unavailable

10.16.4. Type: Solar Thermal Systems: Systems which harness solar energy to heat water or air
for residential, commercial, or industrial use

10.17.  Subcategory: Urban Resilience

10.17.1. Type: Cool Roofs and Urban Cooling: Reflective or “cool” roofing materials that reduce
urban heat islands by reflecting more sunlight and absorbing less heat
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10.17.2.

10.17.3.

10.17.4.

Type: Green Infrastructure: Use of vegetation, such as green roofs, parks, and urban
forests, to mitigate heat, improve air quality, and manage stormwater

Type: Resilient Building Design: Architectural and engineering solutions that improve
the energy efficiency, storm resistance, and overall resilience of buildings

Type: Smart Cities: Integrating sensors, Internet of Things (1oT), and data analytics to
optimize energy use, transportation, and waste management efforts in urban areas

10.18.  Subcategory: Water Treatment and Conservation

10.18.1.

10.18.2.

10.18.3.

Type: Desalination: Technology to remove salt from seawater to provide fresh water for
drinking and irrigation, especially in water-scarce regions

Type: Smart Irrigation: Using sensors, Al, and automation to optimize water use for
agriculture, reducing waste and improving drought resilience

Type: Water Recycling and Reuse: Systems designed to treat and recycle wastewater
for use in agriculture, industry, or urban areas, reducing dependence on freshwater
sources

10.19.  Subcategory: Wind Energy

10.19.1.

10.19.2.

10.19.3.

10.19.4.

Type: Offshore Wind Power: \Wind turbines installed in bodies of water, typically in
shallow coastal regions, to capture stronger and more consistent winds

Type: Onshore Wind Power: Wind turbines installed on land to generate electricity from
wind

Type: Vertical-Axis Wind Turbines (VAWTs): A type of wind turbine that is less common
but has potential for urban applications and environments with turbulent wind

Type: Wind Turbine Manufacturing and Technology: Innovations in turbine design,
materials, and manufacturing processes to improve efficiency and reduce costs
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GCI Sector: Food Security and Agricultural Technology

11. Category: Food Security

Several industries play critical roles in underpinning food security by ensuring the availability,
accessibility, utilization, and stability of food systems. These industries are interconnected and
contribute to different stages of food production, distribution, and consumption.

11.1.  Subcategory: Agricultural Chemical and Biological Inputs

11.1.1. Type: Biological Inputs: The development of materials or processes derived from
biological sources — enabled by precision agriculture technology — to support sustainable
farming and fishing practices

11.1.2. Type: Chemical Inputs: Leveraging precision agriculture technology (e.g., Global
Positioning System (GPS), automation, drones, sensors) to innovate in pesticide and
fertilizer development and application with the aim of increasing production outcomes
and decreasing environmental and public health impacts

11.2. Subcategory: Aquaculture and Fisheries Technology

11.2.1. Type: Aquaponics: The combined practice of aquaculture (fish farming) and hydroponics
(soil-less crop growing), where the waste from fish provides nutrients for plants,
creating a closed-loop system

11.2.2. Type: Fish Health Monitoring: Technology such as sensors, drones, and image
recognition systems to monitor the health, growth, and environment of farmed fish,
ensuring disease prevention and optimal conditions

11.2.3. Type: Ocean Farming and Seaweed Cultivation: Innovative methods for farming
seaweed and other marine organisms, providing sustainable sources of food, biofuels,
and even pharmaceutical products

11.2.4. Type: Sustainable Aquaculture: Technology focused on improving the efficiency,
sustainability, and environmental impact of fish farming, including recirculating
aquaculture systems (RAS) and integrated multi-trophic aquaculture (IMTA)

11.3. Subcategory: Food Processing and Preservation Technology

11.3.1. Type: Alternative Proteins: The development of plant-based, lab-grown, and insect-
based proteins as alternatives to traditional meat products, aiming to improve food
security while reducing environmental impact

11.3.2. Type: Cold Chain Technology: Innovations in refrigeration and transport systems that
ensure the safe storage and transportation of perishable foods, reducing food waste
and ensuring freshness
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11.3.3. Type: Food Biotechnology: Technology supporting the use of fermentation, enzymes,
etc. to produce food additives, preservatives, functional foods, and alternative proteins
(e.g., plant-based meat, lab-grown meat)

11.3.4. Type: Food Fortification: The process of adding nutrients to foods to improve public
health and combat nutrient deficiencies, such as fortifying salt with iodine or flour with
folic acid

11.3.5. Type: Food Preservation Techniques: Technology such as freeze-drying, vacuum sealing,
and high-pressure processing (HPP) that extend the shelf life of foods while retaining
nutrients and flavor

11.4.  Subcategory: Vertical Farming and Urban Agriculture

11.4.1. Type: Automated Vertical Farming Systems: Fully automated systems for growing crops
indoors, often using Al, robotics, and Internet of Things (IoT) to monitor and optimize
growing conditions

11.4.2. Type: Hydroponics and Aeroponics: Soil-free farming techniques where plants are
grown in nutrient-rich water or air, allowing for efficient use of space and water while
reducing the need for pesticides

11.4.3. Type: Indoor Vertical Farming: Farming in stacked layers, often in controlled indoor
environments, using hydroponics or aeroponics to grow crops in urban areas with
limited space and resources

11.4.4. Type: Urban Agriculture: Growing food in urban environments, such as on rooftops or in
vacant lots, to reduce the carbon footprint of food production and improve food access
in cities
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12. Category: Agricultural Technology

Agricultural technology is critical for ensuring a stable, sustainable, and nutritious food supply for the
global population. With challenges like extreme weather, population growth, and the depletion of
natural resources, innovations in agricultural technology are becoming increasingly important in
addressing food security and improving farming productivity.

12.1. Subcategory: Agricultural Biotechnology

12.1.1.

12.1.2.

12.1.3.

12.1.4.

Type: Gene Editing Technology: Tools such as Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR-Cas9) used to precisely alter the DNA of crops and
livestock to improve resilience to extreme weather, pests, and diseases, or to enhance
nutritional value

Type: Genetically Modified Organisms (GMOs): Crops that have been engineered for
specific traits, such as pest resistance, disease resistance, drought tolerance, or
improved nutritional content

Type: Plant Biotechnology: Companies using tissue culture, molecular markers, and
transgenic techniques to improve crop yield, resistance to diseases, pests, and abiotic
stresses, and enhance nutritional content

Type: Synthetic Biology in Agriculture: Companies leading the design and construction
of new biological parts, devices, or systems to address specific agricultural needs, such
as creating bio-based pesticides or engineering crops with enhanced traits

12.2.  Subcategory: Agricultural Data and Digital Platforms

12.2.1.

12.2.2.

12.2.3.

12.2.4.

12.2.5.

Type: Blockchain for Supply Chain Transparency: Using blockchain technology to trace
the origin, quality, and safety of food products from farm to table, improving
transparency and reducing food fraud

Type: Data Analytics and Machine Learning: Tools that analyze large amounts of data
collected from farms to predict trends, optimize crop production, and detect issues like
pest outbreaks or nutrient deficiencies

Type: Farm Management Software: Platforms that collect and analyze data on crop
yields, soil health, weather patterns, and market trends to help farmers make data-
driven decisions about planting, harvesting, and marketing their crops

Type: Mobile Applications for Farmers: Apps that provide farmers with weather
forecasts, market prices, pest and disease alerts, and expert advice, often through Short
Message Service (SMS) or smartphone-based platforms

Type: Precision Farming Technology: Use of Internet of Things (1oT) sensors, Global
Positioning System (GPS), and data analytics to optimize the use of resources like water,
fertilizer, and pesticides for each crop or field, improving productivity and reducing
waste
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12.3.  Subcategory: Agricultural Finance and Operations

12.3.1.

Type: Finance

12.3.1.1. Subtype: Cooperative Financing Institutions: Credit unions and banks that

provide financing for farmer-owned cooperatives

12.3.1.2. Subtype: Decentralized Finance (DeFi) for Agriculture: Technology that

leverages Blockchain-based financial models that facilitate shared ownership of
agricultural assets through tokenization and smart contracts

12.3.1.3. Subtype: Equipment Sharing and Leasing Platforms: Digital platforms enabling

shared ownership or rental of farm equipment

12.3.1.4. Subtype: Farmland Crowdfunding and Investment Platforms: Offerings that

12.3.2.

allow investors to pool capital for shared farmland ownership and leasing

Type: Insurance and Risk Management

12.3.2.1. Subtype: Agricultural Risk and Resilience Insurance: Companies providing

parametric and weather-indexed insurance models

12.3.2.2. Subtype: AgTech Patents: Models for farmers and startups to own and

commercialize precision agriculture data and analytics

12.3.2.3. Subtype: Diversified Farming Systems: Technology that supports integrating

multiple crops, livestock, and agroforestry for economic and ecological stability

12.3.2.4. Subtype: Regenerative Agriculture Financing: Loan and grant platforms

supporting soil health and carbon sequestration initiatives

12.3.2.5.  Subtype: Supply Chain Diversification and Direct-to-Consumer (DTC) Models:

Farm-to-market platforms reducing dependency on traditional supply chains

12.4.  Subcategory: Agricultural Robotics and Automation

12.4.1.

12.4.2.

12.4.3.

12.4.4.

12.4.5.

Type: Automated Irrigation Systems: Irrigation systems that use sensors, weather data,
and machine learning to optimize water use in agriculture, ensuring crops receive the
right amount of water at the right time

Type: Autonomous Tractors and Harvesters: Self-driving machinery for planting,
cultivating, and harvesting crops, reducing the need for manual labor and improving
operational efficiency

Type: Drones for Agriculture: UAVs equipped with sensors and cameras that monitor
crop health, assess field conditions, and even apply fertilizers, pesticides, and herbicides
in a targeted manner

Type: Robotic Harvesting Systems: Robots designed to pick and sort fruits, vegetables,
and other crops with precision, reducing waste and improving yield

Type: Weeding Robots: Autonomous systems that identify and remove weeds with
minimal use of herbicides, reducing environmental harm and improving crop yields
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12.5.  Subcategory: Biodiversity and Ecosystem Conservation

12.5.1.

12.5.2.

Type: Ecosystem-based Adaptation: Leveraging natural ecosystems (e.g., wetlands,
mangroves) to reduce vulnerability to extreme weather impacts like floods, storms, and
temperature extremes

Type: Wildlife Corridors and Conservation: Protecting and restoring natural ecosystems
to ensure species can migrate, adapt, and thrive.

12.6. Subcategory: Crop and Livestock Monitoring Technology

12.6.1.

12.6.2.

12.6.3.

12.6.4.

12.6.5.

Type: Internet of Things (loT)-based Sensors for Crops: Sensors embedded in soil or
crops to monitor soil moisture, temperature, pH levels, and other environmental
factors, providing real-time insights into crop health and growth

Type: Livestock Tracking and Monitoring: Wearable devices or sensors used to track the
health, behavior, and movement of livestock, enabling farmers to detect early signs of
disease, improve breeding, and manage feeding

Type: Precision Livestock Farming (PLF): The use of technology to monitor and optimize
livestock welfare and productivity, including automated feeding systems, health
monitoring, and environmental control systems in barns or pastures

Type: Satellite Imagery for Crop Monitoring: Use of satellite technology to monitor
large-scale agricultural operations, assessing crop health, identifying stress factors, and
managing irrigation and pest control

Type: Smart Greenhouses: Advanced greenhouse systems that use sensors, climate
control, and automation to optimize growing conditions for crops, improving yield and
resource efficiency

12.7. Subcategory: Disposal and use of Byproducts e.g. use of Trimmings

12.7.1.

12.7.2.

12.7.3.

12.7.4.

Type: Animal Feed and Livestock Nutrition: Technology used to process food and crop
waste into animal feed

Type: Biogas and Renewable Energy Companies: Providers that utilize plant trimmings
for methane production and bio-based energy

Type: Composting and Organic Recycling Companies: Technology used to turn
agricultural trimmings into compost for soil enrichment

Type: Food Ingredient and Extract Companies: Providers that convert peels, seeds, and
pulp into food additives, flavorings, or nutraceuticals

12.8. Subcategory: Distribution of Agricultural Products in the Supply Chain

12.8.1.

12.8.2.

Type: Agricultural Input Distributors: Firms that distribute essential agricultural supplies
such as fertilizers, seeds, and pesticides to farmers

Type: Retail and Grocery Supply Chain Providers: Logistics companies managing the
storage and movement of food products for supermarkets and retail chains
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12.8.3. Type: Wholesalers and Food Distributors: Companies that purchase large quantities of
agricultural goods and distribute them to grocery stores, restaurants, and food service
businesses

12.9. Subcategory: Processing of Food / Non-Food Agricultural Products
12.9.1. Type: Adjuvants and Fertilizers

12.9.1.1. Subtype: Agricultural Chemical and Adjuvant Companies: Providers that create
spray enhancers, emulsifiers, and nutrient absorption aids

12.9.1.2. Subtype: Biofertilizer and Soil Microbial Companies: Providers that develop
biological soil amendments using agricultural residues or microbial-based inputs

12.9.1.3. Subtype: Compost and Organic Waste Processors: Companies that convert
food/agricultural waste into nutrient-rich compost

12.9.2. Type: Energy / Factor Inputs and Byproducts

12.9.2.1. Subtype: Biogas and Waste-to-Energy Companies: Services which convert
manure, crop residues, and food waste into energy

12.9.2.2. Subtype: Circular Economy and Industrial Symbiosis Companies: Providers who
utilize waste streams to create new products or energy sources

12.9.2.3. Subtype: Co-Product Processors (Ethanol and Biodiesel Byproducts): Products
which utilize distillers’ grains, glycerin, and corn oil as livestock feed or industrial
ingredients

12.9.3. Type: Non-food Uses

12.9.3.1. Subtype: Biochemical and Industrial Ingredient Producers: Services which
develop plant-based chemicals and industrial applications (e.g., adhesives,
coatings)

12.9.3.2. Subtype: Biofuels and Renewable Energy Producers: Services that process
agricultural waste and crops into ethanol, biodiesel, or biogas

12.9.3.3. Subtype: Bioplastics and Bio-Based Packaging Companies: Providers that
develop plastics and packaging from agricultural feedstocks (e.g., cornstarch,
sugarcane, cellulose)

12.9.3.4. Subtype: Fiber and Textile Manufacturers: Companies that convert plant fibers
(e.g., cotton, flax, hemp) into clothing, textiles, and industrial materials

12.9.3.5. Subtype: Paper and Pulp Industry: Companies that use agricultural residues
(e.g., straw, bamboo, sugarcane bagasse) for paper and sustainable packaging

12.10. Subcategory: Resilient Agriculture

12.10.1. Type: Carbon Sequestration in Agriculture: Technology that captures and stores carbon
in soils or through agroforestry, helping to mitigate extreme weather while improving
soil health
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12.10.2.

12.10.3.

12.10.4.

Type: Drought-Resistant Crops: Development of crops that can withstand drought
conditions, helping to ensure food security in areas prone to water scarcity

Type: Smart Agriculture: Companies employing practices that increase the resilience of
farming systems to extreme weather, such as improved water management, crop
diversification, and soil management techniques

Type: Weather Forecasting for Agriculture: Tools that use weather data and forecasting
to help farmers make better decisions about planting, irrigation, and pest management,
improving resilience to weather extremes

12.11. Subcategory: Storage of Agricultural Products in the Supply Chain

12.11.1.

12.11.2.

12.11.3.

Type: Cold Storage Providers: Companies that offer temperature-controlled storage for
perishable goods such as meat, fruits, vegetables, and dairy

Type: Grain Elevators and Silos: Facilities that store bulk grains (e.g., corn, wheat, and
soybeans) before they are processed or shipped

Type: Warehousing and Distribution Centers: Facilities that store packaged agricultural
products before they are transported to retailers or processors

12.12. Subcategory: Sustainable Agriculture

12.12.1.

12.12.2.

12.12.3.

12.12.4.

12.12.5.

Type: Agroecology: Technology that integrates ecological principles into agricultural
systems to increase sustainability, enhance biodiversity, and reduce the environmental
impact of farming

Type: Agroforestry: Companies driving the integration of trees and shrubs into
agricultural landscapes to enhance biodiversity, improve soil quality, and provide
ecosystem services like carbon sequestration

Type: Conservation Agriculture: Companies using farming practices that aim to reduce
soil erosion, improve soil fertility, and promote water conservation, including no-till or
minimal-till farming, crop rotation, and cover cropping

Type: Precision Agriculture: Companies developing advanced technology (e.g., sensors,
Global Positioning System (GPS), Internet of Things (loT) to monitor and manage field
variability, optimize resource use (e.g., water, fertilizers), and increase yields while
reducing environmental impact

Type: Regenerative Agriculture: Providers using agricultural practices focused on
regenerating soil health, restoring ecosystems, and increasing biodiversity through
techniques like composting, holistic grazing, and cover cropping

12.13. Subcategory: Transportation of Agricultural Products in the Supply Chain

12.13.1.

12.13.2.

Type: Air Freight Providers: Companies that transport perishable agricultural goods
(e.g., flowers, seafood, specialty crops) via air cargo

Type: Maritime and Shipping Companies: Ocean freight providers that transport
agricultural exports and imports via cargo ships
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12.13.3.

12.13.4.

Type: Rail Freight Operators: Rail companies that move large volumes of bulk
agricultural commodities (e.g., grains, fertilizers) over long distances

Type: Trucking Companies: Businesses specializing in hauling agricultural products (e.g.,
raw grains and refrigerated produce) via road freight

12.14. Subcategory: Water and Irrigation Technology

12.14.1.

12.14.2.

12.14.3.

12.14.4.

Type: Desalination and Water Purification: Technology used to convert saltwater into
freshwater for use in agriculture, particularly in water-scarce regions

Type: Drip Irrigation: A water-efficient irrigation method where water is delivered
directly to the roots of plants, reducing evaporation and runoff, and conserving water

Type: Smart Irrigation Systems: Automated irrigation systems that use weather
forecasts, soil moisture sensors, and Al to optimize water usage, ensuring crops receive
the right amount of water with minimal waste

Type: Water Recycling and Reuse Technology: Systems that capture and treat water for
reuse in agricultural irrigation, reducing reliance on fresh water sources
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GCI Sector: Manufacturing Advancements and Supply
Chain Resilience

13. Category: Manufacturing Advancements

Manufacturing advancements are either incremental improvements or breakthrough innovations in
manufacturing technology, methods, or practices over time. These may involve new inventions, process
optimizations, or revisions to traditional manufacturing techniques.

13.1. Subcategory: Infrastructure Improvements

13.1.1.

13.1.2.

13.1.3.

13.1.4.

13.1.5.

13.1.6.

13.1.7.

13.1.8.

Type: 3D Printing (Additive Manufacturing): Technology that enables a manufacturing
process where objects are created layer by layer from digital models, using materials
such as plastics, metals, ceramics, or even biomaterials

Type: Bio-Manufacturing: Technology supporting a method of producing materials,
chemicals, medicines, or fuels using biological systems such as bacteria, yeast, algae, or
cultured cells

Type: Cold Chain Infrastructure: Technology and processes to ensure the safe and
reliable transportation of temperature-sensitive products (e.g., pharmaceuticals, food)
through specialized packaging, refrigerated transport, and monitoring systems

Type: Composites: Materials made by combining two or more distinct materials (e.g.,
fibers, polymers, metals) to achieve superior strength, durability, or lightweight
properties

Type: Distributed Manufacturing: Technology that supports moving away from
centralized factories to more localized or distributed manufacturing hubs, reducing
reliance on single points of production and minimizing the impact of disruptions in one
region

Type: Photonics: The science and technology of generating, manipulating, and detecting
light (photons) to enable high-speed communication, precision manufacturing, and
advanced sensing

Type: Robotics (Automation and Smart Manufacturing): The use of machines, Al-driven
systems, and robotic arms to perform tasks with precision, speed, and efficiency in
manufacturing and industrial processes

Type: Smart Warehouses and Distribution Centers: Fully automated facilities equipped
with robotics, Al, and real-time monitoring systems to handle the storage, sorting, and
distribution of goods efficiently

13.2.  Subcategory: Inventory and Demand Management
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13.2.1.

13.2.2.

13.2.3.

13.2.4.

Type: Automated Stock Replenishment: Systems that automatically reorder products
based on demand signals, stock levels, and lead times, reducing manual intervention
and ensuring continuous availability

Type: Demand Forecasting: Tools that use advanced analytics and Al to predict
consumer demand with greater accuracy, helping companies optimize their production
and inventory levels and avoid both shortages and overstocking

Type: Inventory Optimization: Strategies and tools to balance inventory levels with
demand forecasts, including just-in-time (JIT) and just-in-case (JIC) inventory models, to
maintain an optimal stock without excess or shortfalls

Type: Safety Stock Management: Tools that enable companies to maintain a buffer of
safety stock to absorb supply chain shocks, particularly for critical components, in case
of demand spikes or disruptions in the supply chain
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14. Category: Supply Chain Resilience

Supply chain resilience is critical for ensuring the smooth and efficient movement of goods and services,
especially in the face of disruptions such as natural disasters, pandemics, geopolitical tensions, and
technological changes. This sector is increasingly leveraging new technology, strategies, and processes
to improve the reliability, adaptability, and efficiency of supply chains.

14.1. Subcategory: Digital Supply Chain Technology

14.1.1. Type: Artificial Intelligence (Al) and Machine Learning (ML): Leveraging Al and ML for
predictive analytics, demand forecasting, inventory optimization, and route planning

14.1.2. Type: Blockchain for Supply Chain Transparency: Using blockchain technology to
provide secure, immutable, and transparent records of every transaction within the
supply chain, improving traceability and reducing fraud

14.1.3. Type: Cloud-Based Supply Chain Platforms: Cloud software that integrates various
supply chain functions such as inventory management, demand forecasting,
procurement, logistics, and order fulfillment, enabling real-time collaboration and data
sharing

14.1.4. Type: Robotic Process Automation (RPA): Automating repetitive tasks in the supply
chain, such as data entry, order processing, and invoice reconciliation, to reduce errors
and improve efficiency

14.2. Subcategory: Logistics and Transportation Management

14.2.1. Type: Delivery Solutions: Technological innovations aimed at improving the efficiency of
delivery, such as crowd-sourced delivery services, drones, and autonomous delivery
vehicles, and last-mile to reduce delivery time and cost

14.2.2. Type: Freight and Warehouse Management Systems (FMS/WMS): Software tools used
to plan, execute, and monitor the movement of goods through various stages of the
supply chain, from supplier to warehouse to the customer

14.3. Subcategory: Regulatory Compliance and Supply Chain Security

14.3.1. Type: Regulatory Compliance Management Technology: Technology that assists with
tracking whether supply chains adhere to local, national, and international regulations,
including those related to product safety, labor standards, environmental impact, and
trade

14.3.2. Type: Supply Chain Cybersecurity: Technology aimed at protecting supply chain data
and networks from cyber threats through advanced encryption, threat detection, and
vulnerability management

14.4.  Subcategory: Risk Management and Business Continuity Planning
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14.4.1. Type: Customs and Trade Compliance Technology: Technology that supports
streamlining processes to ensure compliance with customs regulations, tariffs, and trade
agreements, helping to avoid delays and disruptions in cross-border supply chains

14.4.2. Type: Disaster Recovery and Business Continuity: Technology that supports developing
plans and systems to quickly recover from disruptions and ensure business operations
can continue with minimal downtime — includes backup suppliers, off-site storage, and
flexible production capabilities

14.4.3. Type: Risk Assessment and Mitigation: Technology that supports the identification of
potential risks across the supply chain (e.g., transportation delays, cyber threats, market
volatility) and implementing strategies to mitigate those risks, such as dual sourcing,
buffer stocks, and alternative logistics routes

14.5. Subcategory: Sourcing and Procurement

14.5.1. Type: Dual Sourcing and Multi-Sourcing: Technology and strategies to source critical
materials or products from multiple suppliers or regions to reduce dependence on a
single source and mitigate supply chain risks

14.5.2. Type: Global Sourcing Strategies: Technology and strategies to expand procurement
activities to include suppliers from around the world, taking advantage of cost
efficiencies while considering geopolitical risks, trade regulations, and other factors

14.5.3. Type: Supplier Relationship Management: Tools and strategies used to build and
manage strong relationships with suppliers, ensuring better collaboration, reliability,
and transparency in the supply chain

14.6. Subcategory: Supply Chain Automation

14.6.1. Type: Automated Warehousing and Fulfillment: Technology like Automated Guided
Vehicles (AGVs), robotic picking systems, and conveyor belts used to automate storage,
retrieval, sorting, and packing of goods, reducing labor costs and improving speed and
accuracy

14.6.2. Type: Autonomous Vehicles and Drones: The use of self-driving trucks and drones to
improve transportation efficiency and reduce dependency on human drivers; this
technology can provide faster deliveries and increase supply chain flexibility

14.6.3. Type: Smart Supply Chain Platforms: Al-driven platforms that automate decision-
making processes, including selecting suppliers, adjusting procurement strategies, and
optimizing logistics routes

14.7.  Subcategory: Supply Chain Data Analytics and Insights

14.7.1. Type: Big Data Analytics: Technology which allows the interpretation and use of large
datasets from various sources (e.g., Internet of Things (loT) sensors, social media,
market data) to gain insights into demand patterns, customer behavior, and supply
chain performance
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14.7.2. Type: Real-Time Data Monitoring and Analytics: Tools that provide up-to-the-minute
data on inventory levels, delivery statuses, production bottlenecks, and other critical
aspects of the supply chain, improving decision-making speed and agility

14.7.3. Type: Supply Chain Simulation and Modeling: Simulation tools that allow businesses to
model various scenarios (e.g., disruptions, demand fluctuations) and test different
strategies to optimize supply chain performance

14.8. Subcategory: Sustainable and Green Supply Chain Solutions

14.8.1. Type: Circular Supply Chains: Designing supply chains that emphasize reuse, recycling,
and refurbishment, reducing waste and dependence on new raw materials, while
improving environmental sustainability

14.8.2. Type: Energy-Efficient Transportation: The use of electric trucks, hybrid vehicles, and
alternative fuels (e.g., hydrogen) to reduce the environmental impact of transportation
and logistics

14.9. Subcategory: Tracking and Mapping

14.9.1. Type: IoT and Sensor Networks: The use of |oT sensors to track the movement and
condition of goods in real-time; these sensors can monitor temperature, humidity,
location, and other factors to ensure the integrity of products

14.9.2. Type: Real-Time Freight Tracking and Management: Advanced logistics systems that
use Global Positioning System (GPS), Internet of Things (loT) sensors, and real-time data
to track shipments, optimize routes, and ensure timely deliveries

14.9.3. Type: Supply Chain Mapping and Visibility: Technology and processes that enable
businesses to map and track their entire supply chain, from raw materials to finished
products, to enhance transparency and quickly identify vulnerabilities
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GCI Sector: Semiconductors and Microelectronics

15. Category: Semiconductors

The Semiconductor category includes companies that design, manufacture, and sell semiconductors -
materials and components essential for modern electronics. Semiconductors, typically made from
silicon, are the foundation of integrated circuits (ICs), microchips, and other electronic components used
in a wide range of devices and systems.

15.1.  Subcategory: Semiconductor Manufacturing

15.1.1.

15.1.2.

15.1.3.

15.1.4.

15.1.5.

15.1.6.

15.1.7.

15.1.8.

15.1.9.

15.1.10.

15.1.11.

Type: Deposition Equipment: Tools used to deposit materials in layers of precise
thickness during the microchip manufacturing

Type: Etching Equipment: Systems used to remove material from a wafer after
lithographic circuit production steps.

Type: lon Implantation Systems: Tools used to introduce impurities into semiconductor
materials to modify their electrical properties

Type: Lithography: Equipment used to transfer circuit patterns from a mask to the
silicon wafer

Type: Mask Production: Equipment used to make masks used in lithography systems;
these include high resolution electron beam systems

Type: Metrology Systems: Tools used to inspect circuit (IC) dimensions, and conducting
paths on ICs to ensure they meet specifications. These systems include scanning
electron microscopes and atomic force microscopes

Type: Wafer Cleaning Equipment: Tools used to clean wafers of debris and
contaminants left over from intermediate manufacturing steps

Type: Wafer Mechanical Planarization Equipment: Tools used to planarize the wafer
surface for later manufacturing steps or for flip-chip bonding or IC stacking in advanced
microchips of various kinds

Type: Semiconductor Manufacturing Equipment: Required for fabrication steps such as
photolithography machines for patterning circuits or tools for etching and deposition for
material removal and layering.

Type: Test, Inspection, Packaging, and Assembly Technology: Technology that assists
with the end-to-end process of testing, inspection, packaging, and assembly of
semiconductors; this is to ensure they can be integrated into larger systems

Type: Wafer Fabrication (Wafer Fab): The process of manufacturing semiconductor
devices on silicon wafers, involving photolithography, etching, deposition, and doping to
create integrated circuits (ICs)
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15.2.  Subcategory: Semiconductor Materials

15.2.1.

15.2.2.

15.2.3.

15.2.4.

15.2.5.

15.2.6.

Type: Compound Semiconductors: Development of materials like gallium arsenide
(GaAs), gallium nitride (GaN), and silicon carbide (SiC), which are used for high-
performance applications such as high-frequency and power electronics, light-emitting
diodes (LEDs), and laser diodes

Type: Die: The individual semiconductor chip formed from the precise cutting (dicing)
of a processed wafer

Type: Ingot: Cylindrical blocks of single-crystal silicon produced by melting polysilicon
and growing a crystal from a seed crystal

Type: Silicon: The most widely used semiconductor material in the industry, primarily in
the production of integrated circuits, transistors, and diodes

Type: Specialty Semiconductor Gases and Chemicals: Preparation of high-purity gases
and chemical compounds used in the semiconductor manufacturing process

Type: Wafer: A thin slice cut from an ingot, serving as the substrate for building
integrated circuits

15.3. Subcategory: Types of Semiconductor Devices

15.3.1.
15.3.2.

15.3.3.

15.3.4.

15.3.5.
15.3.6.

Type: Diode: Device that allows current flow in one direction only

Type: Integrated Circuit: Contains multiple semiconductor devices, also known as a
Ilchipll

Type: Optoelectronic Devices: Convert electrical signals into light or vice versa (LEDs,
Lasers, Optical Sensors, photodiodes)

Type: Power Devices: Capable of switching, amplifying, and rectifying electrical signals
at high power

Type: Thyristor: Bistable switch that conducts current when triggered

Type: Transistor: Device that functions as amplifiers or switches in circuits
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16. Category: Microelectronics

The Microelectronics category includes companies which design, manufacture, and develop
miniature electronic components and systems used in a wide range of electronic devices. These
components are typically created using semiconductor materials such as silicon and are essential
for modern technology, enabling smaller and faster electronics.

16.1. Subcategory: Integrated Circuits (ICs) and Systems

16.1.1.

16.1.2.

16.1.3.

16.1.4.

16.1.5.

16.1.6.

16.1.7.

Type: Application-Specific Integrated Circuits (ASICs): Custom-designed integrated
circuits created for specific applications, such as cryptocurrency mining, network
equipment, or consumer electronics

Type: Memory Chips: Semiconductor devices like DRAM (dynamic random-access
memory), SRAM (static random-access memory), and NAND flash memory that are used
for storing data in electronic devices

Type: Microprocessors (MPUs): Central processing units (CPUs) and graphics processing
units (GPUs) used in computers, smartphones, and other devices to execute
instructions, perform calculations, and accelerate graphics rendering.

Type: Optoelectronic Integrated Circuits (ICs): 1Cs that combine optical and electronic
components, used in applications such as sensors, optical communication, and displays

Type: Power Management ICs (PMICs): Integrated circuits designed to manage power
distribution within electronic devices, ensuring that components receive stable and
efficient power. PMICs are critical in mobile devices and battery-powered applications

Type: Radio-Frequency Integrated Circuits (RFICs): |Cs used in communication devices
that process radio-frequency signals for applications like Wi-Fi, Bluetooth, and cellular
networks

Type: System on Chip (SoC): Integrated circuits that combine multiple components, such
as a processor, memory, I/0 interfaces, and sometimes graphics processing, all on a
single chip. SoCs are commonly found in smartphones, tablets, and embedded systems

16.2. Subcategory: Semiconductor Assembly, Packaging Assembly, and Test

16.2.1.

16.2.2.

Type: Die Packaging Equipment: Tools used to assemble microchips into their final
packages

Type: Microchip Test Equipment: Tools used for electrical and circuit tests, burn-in
testing at high temperatures or voltages, and final chip testing after chip has been
loaded with firmware

16.3.  Subcategory: Semiconductor Design and EDA (Electronic Design Automation)

16.3.1.

Type: Analog IC Design: Circuits that process continuous signals, such as amplifiers,
sensors, and signal converters
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16.3.2.

16.3.3.

16.3.4.

16.3.5.

Type: Digital IC Design: Involves designing circuits for digital systems, including logic
gates, flip-flops, and clocking circuits used in processors, memory, and networking
equipment

Type: EDA Tools (Electronic Design Automation): Software tools that help engineers
design, simulate, and test integrated circuits. These include tools for circuit design,
layout, simulation, verification, and timing analysis

Type: IC Design and Architecture: The process of designing the architecture and layout
of integrated circuits, which includes designing the logic, interconnects, and other
components of a chip

Type: Mixed-Signal IC Design: A combination of analog and digital components,
commonly found in applications like power management, data converters, and RF
systems

16.4. Subcategory: Semiconductor Manufacturing Equipment

16.4.1.

16.4.2.

16.4.3.

16.4.4.

16.4.5.

16.4.6.

16.4.7.

16.4.8.

Type: Deposition Equipment: Tools used to deposit materials in layers of precise
thickness during the microchip manufacturing

Type: Etching Equipment: Systems used to remove material from a wafer after
lithographic circuit production steps.

Type: lon Implantation Systems: Tools used to introduce impurities into semiconductor
materials to modify their electrical properties

Type: Lithography: Equipment used to transfer circuit patterns from a mask to the
silicon wafer

Type: Mask Production: Equipment used to make masks used in lithography systems;
these include high resolution electron beam systems

Type: Metrology Systems: Tools used to inspect circuit (IC) dimensions, and conducting
paths on ICs to ensure they meet specifications. These systems include scanning
electron microscopes and atomic force microscopes

Type: Wafer Cleaning Equipment: Tools used to clean wafers of debris and
contaminants left over from intermediate manufacturing steps

Type: Wafer Mechanical Planarization Equipment: Tools used to planarize the wafer
surface for later manufacturing steps or for flip-chip bonding or IC stacking in advanced
microchips of various kinds
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Disclaimer

This publication is provided by the Council on Global Competition and Innovation, Inc. (“CGCI”) for informational
purposes only. The content herein reflects CGCl’s research, analysis, and recommendations as of the publication
date and is subject to change without notice. While every effort has been made to ensure the accuracy and
reliability of the information presented, CGCl and its contributors make no guarantees regarding the
completeness, timeliness, or applicability of the methodologies, classifications, or investment frameworks
described. Readers are advised to exercise their own judgment and seek professional advice before making any
decisions based on this document.

The publication may reference third-party entities, technologies, or investments; such references do not
constitute endorsements or recommendations. Any forward-looking statements included in this document are
speculative and involve risks and uncertainties that could cause actual outcomes to differ materially from those
anticipated. CGCl disclaims any liability for direct, indirect, incidental, or consequential damages arising from the
use of this publication or reliance on its contents.

This document is protected by copyright law. Readers are permitted to use this publication for personal or
organizational purposes only and must comply with all applicable laws and regulations when doing so. By
accessing this publication, readers agree to indemnify and hold harmless CGCl and its contributors from any
claims or liabilities arising from its use.
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