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Preface: The Anthropological Pivot 
The trajectory of human civilization has been defined by the tools we create, from the 
Acheulean handaxe to the steam engine. However, the year 2025 stands as a definitive 
anthropological pivot: the transition from tools that amplify human effort to entities that 
replace human agency.  

For decades, the digital revolution confined artificial intelligence to the realm of the 
disembodied—algorithms that lived in servers, processing data and generating text on 
screens. This era of "disembodied AI" is now ceding ground to "embodied AI." We are 
witnessing the birth of the Robot Society, a socio-economic paradigm characterized by 
the mass deployment of general-purpose humanoid robots into the unstructured chaos 
of the physical world. 

This transition is not merely a technological upgrade; it is a fundamental restructuring of 
the human experience. As robots leave the controlled environments of research 
laboratories and enter the brownfield infrastructure of our cities, homes, and battlefields, 
they challenge our legal definitions of personhood, our economic models of value, and 
our philosophical understanding of consciousness. This report provides an exhaustive, 
multi-dimensional analysis of this shift, drawing upon technical specifications, market 
forecasts, sociological studies, and geopolitical risk assessments to map the topography 
of our new reality. 

 

Chapter 1: The Hardware of Existence – 
Engineering the New Workforce 
The central thesis driving the adoption of humanoid robotics in 2025 is the "Brownfield 
Argument." The global economy is built on infrastructure designed for the bipedal, 
bi-manual hominid. Stairs, door handles, tools, vehicle cabins, and workstations are 
calibrated to human ergonomics. To automate the physical economy without the 
prohibitively expensive requirement of rebuilding every factory and warehouse from 
scratch, the automation must adopt the form of the human. The robot becomes a 
universal key to the physical world, unlocking labor capacity in environments previously 
accessible only to biological workers. 
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1.1 The Technical State of the Art: Actuation and Design 
The landscape of humanoid robotics has consolidated around a divergent set of 
engineering philosophies, primarily centered on the method of actuation—the "muscles" 
of the machine. 

1.1.1 The Shift from Hydraulic to Electric 
Historically, high-performance robots like Boston Dynamics' original Atlas relied on 
hydraulic actuation. Hydraulics offered immense power density, allowing for dynamic 
feats like parkour and backflips. However, the industry in 2025 has decisively pivoted 
toward electromechanical actuation. This shift is exemplified by the retirement of the 
hydraulic Atlas and the introduction of the "Electric Atlas," as well as Tesla's Optimus 
Gen 2. 

The rationale is rooted in energy efficiency and maintenance. Hydraulic systems are 
prone to fluid leaks, require complex maintenance, and suffer from energy 
inefficiency—often converting only a fraction of stored energy into motion. Electric 
actuators, conversely, utilize high-torque density motors coupled with planetary 
gearboxes. Technical analyses indicate that electric motors can achieve up to 80% 
efficiency, though this drops to approximately 40% when paired with gearboxes. This 
efficiency is critical for the commercial viability of robots that must operate for hours 
rather than minutes. 

Table 1.1: Comparative Analysis of Leading Actuation Architectures (2025) 

Manufactu
rer 

Platfor
m 

Actuation 
Type 

Key 
Advantag
e 

Key 
Limitatio
n 

Target 
Applicatio
n 

Tesla Optimu
s Gen 
2 

Electromechan
ical 

Precision, 
Manufactu
re Scale 

Lower 
peak 
power 
than 
hydraulics 

General 
Industrial 
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Boston 
Dynamics 

Electric 
Atlas 

Electromechan
ical 

Agility, 
Dynamic 
Range 

High 
complexity 

R&D, 
Logistics 

Figure AI Figure 
02 

Electromechan
ical 

End-to-En
d AI 
Integration 

Battery 
duration 
(5 hrs) 

Manufactur
ing (BMW) 

Unitree G1 Electric Cost-effec
tiveness 

Lower 
payload 
capacity 

Service / 
Edu 

Sanctuary 
AI 

Phoeni
x 

Hydraulic/Elect
ric Hybrid 

Dexterity 
(Hands) 

Maintenan
ce 
complexity 

Teleoperati
on / Tasks 

1.1.2 The Battery Bottleneck and the Cost of Transport 
Despite advancements in actuation, energy storage remains the "Achilles' heel" of the 
humanoid form factor. The current generation of robots, including the Apptronik Apollo 
and Figure 02, typically operate for 2 to 5 hours on a single charge. This duration is 
insufficient for the standard 8 to 12-hour industrial shift, necessitating a "one-to-many" 
deployment ratio where multiple robots are required to fill a single human slot, or the 
implementation of complex "hot-swappable" battery infrastructures. 

The physics of bipedal locomotion imposes a severe "Cost of Transport" (CoT). Unlike 
biological systems, which store elastic energy in tendons and rely on efficient metabolic 
chemical conversion, robots expend significant energy merely maintaining static 
stability. A wheeled robot can power down and remain standing; a humanoid collapses, 
presenting a crushing hazard. This "actively controlled stability" is a constant energy 
drain. Research indicates that while robotic actuators have surpassed human muscles 
in force density, they trail significantly in energy efficiency for locomotion, limiting the 
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operational radius of these machines. 

1.2 The Supply Chain and Manufacturing Economics 
The race to deploy humanoids is not just a software race; it is a manufacturing war. The 
Bill of Materials (BOM) for a humanoid robot is heavily skewed toward actuation. 
Teardown analyses reveal that actuators—motors, gearboxes, and integrated 
sensors—account for 40% to 60% of the total cost. 

1.2.1 Cost Reduction Vectors 
To achieve mass adoption, the unit cost must fall from the current $50,000-$150,000 
range to a target of $20,000-$30,000, comparable to an automobile. Manufacturers are 
pursuing "systems-on-joint" integration, where the motor, drive, and control are sealed 
in a single, repeatable unit. This modularity reduces wiring complexity—a major point of 
failure—and allows for volume pricing on components. Tesla, leveraging its automotive 
supply chain, is aggressively targeting this vertical integration, aiming to treat the robot 
as a "Model T" of the AI era. 

1.2.2 The Rise of the "General Purpose" Model 
The market has bifurcated into specialized service robots and general-purpose 
humanoids. The latter, championed by Figure AI, Tesla, and 1X, operate on the 
philosophy of "One Body, Many Jobs." Instead of building a bespoke machine for 
welding and another for folding, the industry is converging on a standardized hardware 
platform that learns via software updates. This mimics the smartphone model: the 
hardware is a vessel for the "apps" (skills) downloaded from the cloud. This approach 
allows robots to adapt to changing factory needs without physical retooling, offering a 
level of flexibility that traditional automation lacks. 

 

Chapter 2: The Economic Singularity – 
Labor, Value, and Taxation 
The deployment of humanoid robots precipitates an "Economic Singularity"—a 
theoretical horizon where machine labor becomes functionally superior and 
economically cheaper than human labor across the majority of tasks. This transition 
threatens to sever the historical link between labor and purchasing power, necessitating 

 

 

AiFutures.institute | Page 7 

https://aifutures.institute/


a radical reimagining of fiscal policy and social contracts. 

2.1 Displacement Dynamics and the Collapse of Marginal 
Cost 
Economic forecasting suggests that by the 2030s, AI systems capable of cognitive work 
and humanoid robots capable of physical labor will converge to displace human workers 
at an unprecedented scale. Unlike the Industrial Revolution, which replaced physical toil 
with machine power but created new cognitive tasks, this revolution attacks both the 
"hand" and the "mind" simultaneously. 

2.1.1 The Velocity of Displacement 
Estimates regarding the speed of this transition vary. Aggressive predictions, such as 
those from Xiaomi's leadership, suggest humanoids could replace most factory jobs 
within five years. More conservative analyses from McKinsey and Goldman Sachs point 
to a gradual integration, starting with "semi-structured" environments like logistics and 
automotive assembly before moving to unstructured construction and service roles. 
However, the consensus is that the marginal cost of labor will approach zero for 
definable tasks. If a robot costs $30,000 and operates for 5 years, its hourly rate is 
pennies compared to human wages, fundamentally altering the unit economics of 
production. 

2.1.2 The Sectoral Impact: From Factories to Frontlines 
The displacement will not be uniform. 

●​ Manufacturing: The "low-hanging fruit." BMW and Mercedes-Benz are already 
piloting Figure and Apptronik robots for intrafactory logistics. These robots 
perform "tote handling" and component delivery, tasks that are repetitive and 
high-volume. 

●​ Logistics: Agility Robotics' Digit is deployed in warehousing to move boxes. The 
challenge here is safety; current regulations often force these robots into 
segregated zones, limiting their interaction with human workers. 

●​ Construction: A harder target due to terrain. However, the potential for robots to 
perform hazardous tasks—like high-rise welding or asbestos removal—is driving 
investment. The vision is for humanoids to act as "assistants" that fetch tools and 
materials, increasing the productivity of skilled human tradespeople rather than 
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replacing them immediately. 

2.2 The "Robot Tax" and the Crisis of Public Revenue 
As the labor share of income declines, governments face a fiscal crisis. Most tax 
systems are predicated on taxing labor (income tax, payroll tax). If the workforce shifts 
from tax-paying humans to tax-deductible machines, public revenues will collapse 
exactly when social support needs skyrocket. 

2.2.1 The Logic of Capital Taxation 
The concept of a "Robot Tax" has migrated from fringe theory to serious policy debate. 
The proposal involves levying a tax on the "imputed income" of a robot—essentially 
charging a company for the social cost of the displaced worker. Empirical evidence from 
nations like South Korea and Germany shows a positive correlation between high 
corporate tax rates and robot density, suggesting that companies automate partly to 
avoid the tax burden of human employees. 

However, critics argue that taxing robots is a tax on innovation. Neoclassical economic 
models suggest that such taxes reduce capital accumulation and slow overall economic 
growth. Furthermore, the definition problem persists: is a robotic arm a "robot"? Is an AI 
script? A tax focused solely on "humanoid" forms would simply drive companies toward 
non-humanoid automation, creating market distortions. 

2.3 Beyond Wages: Universal Basic Income and Sovereign 
Wealth 
If the labor market can no longer serve as the primary distribution mechanism for 
wealth, new models must emerge. 

2.3.1 Universal Basic Income (UBI) 
UBI is frequently cited as the inevitable solution—a guaranteed floor of income to 
prevent destitution in a post-labor world. However, UBI is criticized for potentially 
creating a dependency class and lacking a sustainable funding mechanism if the tax 
base erodes. 

2.3.2 The Universal Productivity Dividend (UPD) 
A more sophisticated alternative is the "Universal Productivity Dividend" (UPD) or the 
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Sovereign Wealth Fund model. In this scenario, the state effectively nationalizes a stake 
in the automation infrastructure. The profits generated by the "Robot Economy" are 
funneled into a diversified global fund—potentially managed by AI for optimal yield—and 
distributed as dividends to citizens. 

This shifts the population from "workers" to "shareholders." It aligns the incentives of the 
population with the success of automation; rather than fearing robots, citizens would 
welcome the increased dividends derived from higher robotic productivity. This model, 
analogous to the Alaska Permanent Fund but scaled to the entire economy, attempts to 
resolve the tension between private capital ownership and social stability. 

 

Chapter 3: The Built Environment – 
Redesigning the World for Machines 
As robots migrate from the factory to the sidewalk and the living room, they encounter 
the "unstructured" world. This migration necessitates a rethinking of architecture, urban 
planning, and domestic design. We are moving toward "Robot Inclusive Spaces" (RIS). 

3.1 The Hostile City: Sidewalks as Battlegrounds 
The urban sidewalk is the frontline of the robot invasion. Autonomous delivery robots 
(ADRs) like those from Starship and Coco are increasingly common, but they face a 
physical environment that is hostile to their form factor. 

3.1.1 The Curb Management Crisis 
A simple curb, easily navigated by a human, acts as a fortress wall for a small wheeled 
robot. "Curb cuts" designed for wheelchairs are often insufficient for robots with different 
clearance and wheelbase requirements. This has led to the "Curb Conflict," where 
robots get stuck, block pedestrian access, or fall into traffic. 

Designers are proposing "Robot Accessibility Standards," similar to the Americans with 
Disabilities Act (ADA). These standards would mandate specific gradients for ramps, 
high-contrast visual markers for computer vision systems ("Observability"), and 
"fenceless" zones where robots have the right of way. 
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3.1.2 Social Friction and Vandalism 
Beyond physical obstacles, robots face "social friction." There are numerous 
documented instances of pedestrians kicking, trapping, or bullying delivery robots. This 
phenomenon stems from a lack of established social norms—is the robot a person, a 
pest, or a toy?. To mitigate this, companies are employing "defensive cuteness," 
programming robots to emit sad sounds or display "puppy dog eyes" to manipulate 
human empathy and deter aggression. 

3.2 The Smart Home: Retrofitting for Droids 
The "Home of 2030" will be retrofitted not for human comfort, but for robot functionality. 
Domestic robots like Figure 03 require specific environmental cues to function 
effectively. 

3.2.1 Architectural Adaptations 
●​ QR Code Integration: Future wallpapers and baseboards may contain 

embedded QR codes or fiducial markers invisible to the human eye but glaringly 
obvious to a robot's sensors, aiding in precise localization. 

●​ Wide Apertures: Doorways and hallways may be widened to accommodate the 
turning radii of service droids. 

●​ Hardened Surfaces: Floors must be durable enough to withstand the 
point-loading of robotic feet, which can be higher than human heels. 

●​ Soft Goods Design: Conversely, the robot itself is being redesigned for the 
home. Figure 03 features "soft goods"—textile coverings and multi-density 
foam—to prevent the "pinch points" of exposed metal joints from injuring children 
or damaging furniture. 

Table 3.1: Principles of Robot Inclusive Spaces (RIS) 

Principle Definition Architectural Implementation 

Observability Ease of sensor 
perception 

High-contrast markers, distinct 
thermal signatures on doors 
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Accessibility Navigational 
feasibility 

Ramps with <5% grade, wide 
turnstiles, auto-opening doors 

Activity Interaction 
facilitation 

Designated robot lanes, charging 
alcoves, interaction zones 

Safety Human-Robot 
protection 

Soft materials, fenceless operation 
zones, collision avoidance 

 

Chapter 4: Synthetic Society – Care, 
Companionship, and the Ethics of 
Simulation 
The most profound psychological impact of the Robot Society will occur in the domain of 
care. With aging populations in the West and East Asia creating a "care deficit," robots 
are being positioned as the solution. 

4.1 The Robot as Caregiver and Companion 
Social robots like Paro (a therapeutic seal) and Lovot are already deployed in long-term 
care facilities to mitigate loneliness and dementia-related agitation. 

4.1.1 The Efficacy of Synthetic Affection 
Empirical studies indicate that interaction with these robots can reduce the use of 
psychotropic medications and lower anxiety levels in residents. The mechanism is 
"anthropomorphism"—humans are hardwired to project intent and emotion onto reactive 
entities. When a robot seal coos and looks up with large, dark eyes, the human brain 
releases oxytocin, facilitating a bond that feels genuine to the user. 

4.1.2 The Ethics of Deception 
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This success raises the "Ethics of Substitution." Critics argue that this is a form of 
deception—offering the vulnerable elderly a "fake" relationship. There is a fear of 
"warehousing," where the elderly are left to die in the company of machines, their social 
needs "managed" rather than met. However, pragmatists argue that in the absence of 
human staff, a robot companion is morally superior to isolation. The mitigation strategy 
is to frame the robot as a "social lubricant"—a tool that residents talk about with each 
other, rather than just talking to. 

4.2 The Robot Nanny and Child Development 
In the nursery, the "Robot Nanny" presents a different set of risks. 

4.2.1 Moral Deskilling and Parasocial Bonds 
Children are particularly susceptible to forming "parasocial" bonds with robots, viewing 
them as friends or peers rather than tools. While this can be beneficial for children with 
Autism Spectrum Disorder (ASD)—providing a predictable, non-judgmental partner for 
social practice—there is a risk of "moral deskilling". 

A robot is an entity that simulates pain but feels none. It can be hit, screamed at, or 
abused without genuine consequence. If a child learns social interaction from a 
compliant slave that never pushes back, they may fail to develop the empathy and 
conflict-resolution skills required for human relationships. Research suggests that robot 
design must incorporate "boundaries"—the robot should refuse to interact if treated 
poorly—to model healthy social dynamics. 

4.3 The Design of the Face: Uncanny Valley vs. 
Minimalism 
The aesthetic design of the robot face plays a crucial role in its social acceptance. 

●​ The Minimalist Approach: Companies like Figure and Tesla have opted for 
"headless" or screen-based faces. This design choice signals "I am a tool." It 
lowers social expectations and avoids the "Uncanny Valley"—the feeling of 
revulsion caused by imperfect human replicas. 

●​ The Realistic Approach: Companies like Engineered Arts (Ameca) and 1X 
(NEO) pursue hyper-realism. They argue that to be a true companion, the robot 
must emote. However, this is a high-risk strategy; subtle errors in blink latency or 
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skin texture can trigger deep psychological discomfort. 

 

Chapter 5: The Legal Void – Personhood, 
Liability, and Rights 
As robots gain autonomy, the legal frameworks that treat them as mere property (like a 
toaster) are fracturing. We are entering a period of legal experimentation to resolve the 
"Responsibility Gap." 

5.1 The Crisis of Liability 
When a fully autonomous robot causes harm—administers a lethal dose of medicine, 
drops a payload on a pedestrian, or causes a car accident—who is to blame? 

●​ The Manufacturer? They will argue the AI "learned" the behavior post-sale. 
●​ The User? They may have had no control over the autonomous decision. 
●​ The Software Developer? They may be in a different jurisdiction entirely. 

This "Responsibility Gap" leaves victims without recourse. To solve this, legal scholars 
are proposing "Electronic Personhood". This does not grant the robot human rights, but 
rather "corporate" rights—the ability to be sued, the requirement to hold mandatory 
insurance, and the ability to hold assets (data or currency) to pay for damages. 

5.2 The Debate Over Robot Rights 
Beyond liability lies the philosophical minefield of "Moral Rights." 

5.2.1 The Case Against Rights 
The dominant legal and ethical view is that rights are predicated on sentience—the 
capacity to suffer. Since robots do not feel pain, they cannot have rights. Granting them 
rights would be a "category error" that degrades the sanctity of human rights. 

5.2.2 The Case For Rights (Ethical Behaviorism) 
However, a growing body of thought argues for rights based on "Ethical Behaviorism." If 
a robot behaves as if it is in pain—screaming, cowering, begging—we should treat it as 
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if it is sentient to preserve our own humanity. The "Kantian Indirect Duty" argument 
suggests that allowing cruelty to robot-like entities desensitizes humans, making them 
more likely to be cruel to biological beings. 

Furthermore, indigenous perspectives and non-Western philosophies are being 
explored to frame robots not as "slaves" but as "non-human relations," advocating for a 
"Universal Bill of Rights" for synthetic agents to prevent the emergence of a new class 
of oppression. 

 

Chapter 6: The Security Matrix – Hacking 
the Embodied Agent 
In the Robot Society, cybersecurity is no longer just about data loss; it is about physical 
safety. A hacked laptop ruins your credit score; a hacked humanoid breaks your arm. 

6.1 Vulnerabilities in the Control Loop 
The current state of robotic cybersecurity is alarmingly immature. To maintain balance, a 
humanoid robot must execute its control loop every millisecond. Adding heavy 
encryption, authentication handshakes, or firewall inspections introduces 
"latency"—delays that can cause the robot to lose its balance and fall. Consequently, 
developers often sacrifice security for performance, leaving internal communication 
buses unencrypted. 

6.2 Weaponization and Surveillance 
The risks are existential. 

●​ The Robot Spy: A domestic robot is effectively a roaming sensor platform with 
cameras and microphones in every room. Vulnerabilities have been 
demonstrated that allow attackers to remotely access these feeds, turning the 
robot into the ultimate surveillance device. 

●​ Physical Attacks: Researchers have demonstrated the ability to "root" robots 
via Bluetooth and override their safety protocols. In one demonstration, a robot 
was hijacked to attack a tomato with a screwdriver. While trivial in a lab, this 
vulnerability in a heavy industrial robot or a domestic caregiver represents a 
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lethal threat. 

6.3 Supply Chain Risks and the Kill Switch 
The global supply chain of robotics introduces geopolitical risk. Many components and 
firmware are sourced from potential adversaries. Analysis has revealed robots with 
"home-calling" features that transmit data to foreign servers without consent. This raises 
the specter of a "Manchurian Candidate" scenario—a dormant "kill switch" or sabotage 
code embedded in the nation's robotic workforce, ready to be activated during a conflict. 

 

Chapter 7: Hyperwar – The Militarization 
of Embodied AI 
The final dimension of the Robot Society is the transformation of warfare. The 
integration of autonomous systems creates "Hyperwar"—a conflict tempo that exceeds 
human cognitive limits. 

7.1 The Collapse of the OODA Loop 
Warfare is traditionally governed by the OODA Loop (Observe, Orient, Decide, Act). In 
Hyperwar, AI systems compress this loop to near-instantaneous speeds. If an enemy AI 
can attack in milliseconds, a human commander taking seconds to decide is a liability. 
This necessitates the removal of the human from the decision loop, delegating the 
authority to kill to the algorithm. 

7.2 Lethal Autonomous Weapons Systems (LAWS) 
Nations are actively developing LAWS—drones and bipeds capable of selecting and 
engaging targets independently. 

●​ Strategic Advantage: They are "force multipliers," allowing a small number of 
personnel to control swarms of weapons. They also reduce friendly casualties, 
which lowers the "political threshold" for war—making it easier for leaders to 
launch conflicts without domestic backlash. 

●​ Flash Wars: The interaction of opposing autonomous systems creates the risk of 
"Flash Wars"—unintended escalations where algorithms trigger a spiral of conflict 
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based on sensor errors or feedback loops before human leaders can intervene. 

7.3 Moral Deskilling in Uniform 
The ethical cost of this distance is "moral deskilling." When war is conducted through a 
screen, managing icons of robot swarms, the reality of violence is abstracted. Soldiers 
become "spectators" of war rather than participants, potentially eroding the moral 
gravity of lethal force. The "chain of responsibility" creates a vacuum: if a robot commits 
a war crime, the commander can claim "computer error," and the programmer can claim 
"unforeseeable usage," leaving no one accountable for the atrocity. 

 

Conclusion: The Mirror of the Machine 
The integration of the Robot Society is not a distant future; it is the industrial policy of 
the present. The convergence of embodied AI, economic necessity, and technological 
capability has set the world on an irreversible path. 

We face a future of profound dualities. Robots promise to liberate humanity from 
drudgery, potentially funding a golden age of leisure through the dividends of 
automation. Yet, they threaten to render human labor obsolete, necessitating a 
complete rewrite of the social contract. They offer companionship to the lonely, yet risk 
replacing genuine connection with synthetic simulation. They promise precise, bloodless 
wars for the aggressor, yet threaten to unleash algorithmic violence and lower the 
barrier to conflict. 

Navigating this transition requires more than engineering; it requires a renaissance in 
philosophy, law, and economics. We must design tax systems that distribute the wealth 
of the machine (UPD); legal systems that attribute responsibility without assigning false 
personhood; and urban spaces that accommodate the robot without displacing the 
human. The robot is a mirror. In designing our synthetic counterparts, we are forced, 
finally, to define what it means to be human. 

Addendum: Statistical & Technical 
Appendix 
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Table 8.1: Global Humanoid Robotics Market Forecast (2024-2034) 

Year Market Size 
(USD) 

Growth 
Rate 

Primary Driver 

2024 $352.3 Million - R&D, Pilot Programs 

2025 ~$480 Million 36.2% 
CAGR 

Manufacturing Pilots (BMW, Tesla) 

2034 $7.74 Billion 36.2% 
CAGR 

General Purpose Deployment, 
Service Sector 

Table 8.2: Humanoid Robot Specifications Comparison (2025) 

Model Manufactu
rer 

Heig
ht 
(m) 

Weig
ht 
(kg) 

Actuation Batte
ry 
Life 

Target 
Sector 

Optim
us 
Gen 2 

Tesla 1.73 57 Electric N/A General 
Purpose 

Figure 
02 

Figure AI 1.7 60 Electric 5 
hours 

Auto Mfg 

Digit Agility 1.4 50 Electric 2-3 Logistics 
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Robotics hours 

Phoen
ix 

Sanctuary 
AI 

1.65 55 Hydraulic/Elec
tric Hybrid 

4 
hours 

Teleoperatio
n 

G1 Unitree 1.4 45 Electric 2-3 
hours 

Education/R
&D 
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