
Introduction to Emerging Technologies

Quick reference guide – concise, organized, and easy to read

1. What Are Emerging Technologies?

Aspect Description

Definition
New or evolving tools, methods, and systems that have the potential to

significantly impact society, industry, or the environment.

Key

Characteristics

• High novelty

• Rapid development cycles

• Uncertain market adoption

• Potential for disruptive change

Why They Matter
They reshape business models, create new markets, improve efficiency, and

address global challenges (e.g., climate change, healthcare access).

2. Major Categories (2024?2025 Landscape)

Category Core Technologies Typical Applications

Artificial Intelligence &

Machine Learning

Deep learning, generative AI,

reinforcement learning, AI?

accelerators

Natural language processing,

predictive analytics, autonomous

systems

Quantum Computing
Superconducting qubits, trapped

ions, photonic qubits

Complex optimization, drug

discovery, cryptography

research

Extended Reality (XR)
Virtual reality (VR), augmented

reality (AR), mixed reality (MR)

Immersive training, remote

collaboration, digital twins

Advanced Robotics &

Automation

Collaborative robots (cobots), soft

robotics, swarm robotics

Manufacturing, logistics,

precision agriculture

5G/6G & Edge

Computing

mmWave, massive MIMO, network

slicing, edge AI chips

Real?time IoT, autonomous

vehicles, AR streaming
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Category Core Technologies Typical Applications

Internet of Things (IoT)

& Sensor Networks

Low?power wide?area networks

(LPWAN), digital twins, edge

analytics

Smart cities, predictive

maintenance, health monitoring

Biotechnology &

Synthetic Biology

CRISPR gene editing, cell?free

protein synthesis, bio?fabrication

Gene therapies, sustainable

materials, lab?grown meat

Energy & Materials

Solid?state batteries, hydrogen fuel

cells, perovskite solar cells,

graphene

Clean energy storage, electric

mobility, lightweight structures

Blockchain &

Distributed Ledger

Tech

Public/permissioned ledgers, smart

contracts, zero?knowledge proofs

Supply?chain traceability,

decentralized finance, digital

identity

Additive Manufacturing

(3D Printing)

Metal powder bed fusion, bio?

printing, multi?material printers

Rapid prototyping, custom

implants, on?demand spare

parts

3. Innovation Cycle Overview

1. Research & Conceptualization – Academic labs, government R&D, early?stage startups.

2. Prototype & Proof?of?Concept – Demonstrations, pilot projects, limited field trials.

3. Early Adoption – Niche markets, industry consortia, venture?backed scaling.

4. Mainstream Diffusion – Standards emerge, cost drops, regulatory frameworks solidify.

5. Maturation & Commoditization – Wide adoption, ecosystem integration, incremental

improvements.

Tip: Look for technology readiness levels (TRLs) to gauge where a technology sits in this cycle

(TRL?1?9).

4. Drivers & Enablers

Driver Example

Economic
Cost reductions in compute (Moore’s Law slowdown mitigated by

specialized AI chips)

Societal Aging populations ? demand for tele?health and assistive robotics
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Driver Example

Environmental
Climate targets ? push for clean energy tech and circular?economy

materials

Policy &

Regulation
Data?privacy laws, AI ethics guidelines, carbon?pricing mechanisms

Infrastructure Global 5
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