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00.
Executive

Summary

The humanoid robot industry sits where the electric vehicle industry sat in
2012-2014: technically credible, capital flowing at scale, and a supply chain
crystallizing - but architectures are not yet locked, and supplier positions
are still open.

This is the strategic compression of the entire report. The $38 billion 2035
opportunity, the 2026-2028 decision window, the five archetypes available
to Tier 1 suppliers, the regulatory stacks emerging across China, the EU, and
the US, and the partnership-over-competition logic that follows from China
holding 63-70% of the global humanoid supply chain.

If you read only one chapter, read this one. Then read all sixteen.
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Seven research firms. Forecasts ranging from $38 billion (Goldman Sachs)

to $251 billion (SNS Insider) to $5 trillion (Morgan Stanley, 2050). Why the

divergence is so wide - and which number you should actually plan against.
Get the full Report

This chapter dismantles the forecast noise and replaces it with a

structural argument: industrial and logistics applications drive 60% of

2025 deployments and peak in 2027-2030, precisely when automotive

suppliers will be building humanoid capability. The demographic, labor,

and technology vectors converging behind the numbers are what make the

timing non-negotiable.

The market is moving. The question is which forecast you're staffing for.
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Humanoid
Robot
Technology
Architecture

Every humanoid robot built today is assembled from the same primitives
modern EVs depend on - precision actuators, 48V power, sensor fusion,
real-time computing. But the maturity gap inside the stack is brutal: TRL 9
production-ready components sit next to TRL 3-5 frontier capabilities in the
same machine.

This chapter walks the full architecture component by component, identifies
where the bill-of-materials dollars actually sit at the $50K unit scale, and
shows the path from $50K today to $20K by 2030. For automotive suppliers,
the chapter is a translation layer: which of your existing capabilities map
directly, which need adaptation, and which are out of scope.
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05.
Actuators
an
Precision
Motion

40-60% of the humanoid bill-of-materials. The single largest value
concentration in the entire supply chain. A market projected to grow from
$150M (2024) to $9.86B (2031) at roughly 80% CAGR - a 66X expansion in
seven years.

ww

This chapter maps the competitive landscape across harmonic drives,
planetary roller screws, and frameless torque motors. Japan still leads on
gears (Nabtesco at 65% RV market share, HDSI at 50% harmonic). China
dominates module assembly (55%) and is closing on harmonic drives (42%)
with 30-70% cost advantages. Western precision-screw leadership (47%)
faces aggressive Chinese reverse-engineering.

Five distinct entry pathways are quantified. Time-to-revenue ranges from 6
months to 36.

Lot e Lanabseapse arl
Ky Samaplices

55% 40 60% ==-°""°

— o B S Lot Nl vl o ST
= = B Pimtfening Mratcghos

Get the full Report


https://humanoid.guide/the-humanoid-robot-supply-chain-report/

42 iy Bcvpriincnacnis

40 47% I

A1 Larket S In Sorpar
Catcgony

30
20008 | TETTES = :

4. Sensors and
Pereeption Systems:
I'he Widest Open
. Opportunity
. 4.5 The "crrdne Plast B Cag” e — e
. Thhe gt Siratcgic Openiing
PP Sgmpr Suipypdicrs

S6.65B

The widest open opportunity in humanoid robotics. Every robot needs 30+
sensors. No dominant integrated platform exists. The supplier landscape
today mirrors automotive sensors in 2010-2012 - fragmented, pre-
consolidation, full of unclaimed positions.

Get the full Report

Force/torque is the fastest-growing category at 40-47% CAGR. Mobileye's
$900M Mentee Robotics acquisition in January 2026, with Continental as
manufacturing partner from 2027, established the template for ADAS-to-
humanoid technology transfer. ZF, Denso, Bosch all have direct pathways.
This chapter shows why the sensor stack is the largest uncaptured
opportunity, and why the window closes between 2026 and 2028.
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05.

Battery
Systems and
Power
Electronics

The humanoid robot battery and power electronics market grows from $14
million (2025) to $851 million (2034) - roughly 60X in nine years. Solid-state
battery demand from humanoids alone could exceed 74 GWh by 2035, a
1,000% jump from 2026.

But the humanoid use case is not automotive. Higher discharge rates
(20-50C vs 3-5C in EVs), tighter form factors, more aggressive shock
requirements. This chapter details the technology gaps, maps the 48V
architecture convergence (Tesla, Figure, Apptronik, Unitree have all
converged here), and identifies which automotive suppliers’ mild-hybrid IP
maps almost one-to-one to humanoid power systems.

GaN cuts inverter size 66%. Hot-swap solves the 2-4 hour runtime ceiling
before solid-state matures.
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06.

ductors and
Al Compute
Platforms

The semiconductor opportunity splits cleanly into two structurally different
markets. The Al compute layer is winner-take-most and dominated by
NVIDIA - Jetson Thor at 2,070 TOPS and 128GB memory powers 80%+

of humanoid robots in development. Head-on competition is unlikely to
succeed.

The distributed control layer is the opposite: fragmented, automotive-
adjacent, and exactly where ISO 26262 expertise wins. Each humanoid
carries 30-40 MCUs. Infineon, NXP, STMicroelectronics, and Renesas
already supply ~80% of the world's automotive MCU market, and the
cumulative non-Al semi opportunity reaches $500B by 2050.

Semi share of robot BOM climbs from 5% to 24% by 2045 even as total
BOM falls 77%.
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Structural
Components,
Materials,

and Precision
Manufacturing

The least glamorous chapter - and one of the most directly transferable.
Automotive lightweighting, die casting, CNC finishing, and precision bearing
manufacturing translate almost without adaptation to humanoid robotics.
Aluminum alloys and PEEK together account for 56% of robot mass.

Planetary roller screws are the single largest component cost at roughly
20% of bill-of-materials, and thread grinding is the rate-limiting capacity
bottleneck through 2027-2028. Each precision grinding machine produces
only 6-8 harmonic drive wave generators per day. Lead times stretch 14
months.

Figure Al's switch to tooled processes cut part time by more than 30,000x.
The chapter shows where hybrid manufacturing - HPDC plus CNC finishing
- beats pure CNC by roughly 50%.
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Connectivity is the silent majority of the humanoid bill-of-materials. When
motor windings and embedded conductors are properly accounted for,
wire and cable represent more than 70% of robot physical architecture - far
above the 15-20% the conventional BOM accounting suggests.

It is also an explicitly confirmed production bottleneck at both Tesla and Get the full Report
Figure Al. Humanoid cables must survive 10 million+ flex cycles and £360°

torsion per meter - specifications with no automotive equivalent. Roughly

80% of robot cell downtime comes from connectivity failures, not the robot

mechanism.

This chapter quantifies the $6.9B combined robot connectivity market
by 2035 and identifies the automotive Tier 2 suppliers best positioned to
capture it.
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Thermal management has moved from “"downstream afterthought” to
“primary determinant of humanoid commercial viability” in the span of two
years. Heat scales with torque squared, which means continuous-torque
capability - not peak torque - defines product viability. Above 500W of total
power density, liquid cooling becomes mandatory. Most current humanoid
joints already exceed that threshold.

Get the full Report
The cooling market grows from $67M (2024) to $623M (2032) at roughly
32% CAGR, with liquid cooling rising from 50% to 64% of total value.
EV thermal expertise transfers near-directly: cold plates, BMS-thermal
integration, coolant loops, 48V architecture.

The chapter identifies the early movers (Sanhua, Boyd, Hanon, Laird,
Gentherm, ACT, Modine) and quantifies the second-wave entry window
through 2028.
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Robot hands are the hardest mechatronic challenge in the entire humanoid
stack - and the highest-margin frontier in the supply chain. Dexterous hands
account for 17-31% of humanoid bill-of-materials. The Tesla Optimus hand
pair costs $9,500. No dominant supplier has yet consolidated the market.

The end effector market grows from $5.5B (2025) to $12.0B (2031) at 13.8%
CAGR,; the dexterous-hand sub-segment expands 4.6x at approximately
28.8% CAGR. Costs are compressing on an EV-battery-like trajectory:
research-grade hands fell from over $100K to $3-8K, with sub-$1K
commodity hands projected by 2029.

Eight categories of automotive expertise transfer directly. The strategic
window closes 2026-2028.
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S 6ﬁwvare,
Al, and
Simulation

The software layer is where humanoid robotics will be won or lost. The robot
software market grows from $14.8B (2025) to $70.0B (2034) - 23.9% CAGR
through 2030, maturing to roughly 13% after. Al platform and perception is
the fastest-growing segment, expanding 71x.

NVIDIA GROOT, Google DeepMind Gemini Robotics, Figure Al Helix, and
Skild Al's Omni-Bodied Brain are all racing for the “Android of robotics”
position. Skild raised $1.4 billion at a $14B valuation in January 2026.
Simulation is the new data engine: 10,000X training speedup over physical-
world data collection.

But the lab-to-factory performance drop remains roughly 30 percentage
points. That is a systems-integration problem, not an Al problem - and it
is exactly the work automotive Tier 1s have done for decades. ISO 26262 /
ASIL-D is the strongest defensive moat in the entire software stack.
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The Differentiation
Layer
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The humanoid robot industry is now where electric vehicles were in 2015:
technically credible, capital-rich, and architecturally unsettled. Tier 1
suppliers have a 24-month window to define their role.

Five strategic archetypes are available: Component Supply (template:

Hyundai Mobis), Subsystem Integration (Bosch Rexroth), Contract

Manufacturing (Jabil, Magna), Platform Partner (NVIDIA), and Vertical Get the full Report
Integrator (Tesla, Figure Al). Each is scored 1-10 across six strategic

dimensions - capital intensity, risk, speed to market, technical complexity,

recurring revenue potential, scale potential.

Funding scaled 15X in three years, from $239M (2022) to $3.74B (2025), with
China and the US capturing more than 90% of capital. The M&A wave is
accelerating: SoftBank/ABB at $5.4B, Hyundai/Boston Dynamics at $1.1B,
Mobileye/Mentee at $900M. Figure Al hit $39B valuation in 18 months.
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The humanoid robot supply chain is bifurcating into a “US brain, Chinese
body” structure that creates existential strategic challenges for Western Tier
1 suppliers. China holds 63% of the supply chain by value (Morgan Stanley)
- some estimates run as high as 70% (Bain).

Full decoupling is economically prohibitive. An ex-China Tesla Optimus
bill-of-materials lifts from $46K to $131K - a 185% increase. Actuators alone
climb 163% without Chinese precision grinding capacity.

The chapter quantifies the trade-offs across the US (145% tariffs, $50B
CHIPS Act, no coordinated robotics strategy), Europe (regulatory leadership
via the Al Act and PLD), Japan (METI Physical Al focus, demographic
urgency), South Korea (K-Humanoid Alliance), and India ($16.5K production
cost). Dual-sourcing premiums of 5-15% are cheap insurance against the
163% forced-switch cost.

Partnership beats head-on competition. The chapter shows how to structure
it.
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Three regulatory architectures are converging in 2025-2027. China leads on

dedicated humanoid robot standards, with a February 2026 framework and

98% perception coverage by Q4 2026. The European Union leads on liability

and cybersecurity, with the Cyber Resilience Act carrying penalties up to €15

million and Product Liability Directive strict-liability deadlines in December

2026. 1ISO 25785-1 will set the global baseline for walking robots in 2026- Get the full Report
2027.

The chapter contains the risk assessment matrix: ten critical risks plotted on
impact and likelihood, with composite scores up to 21.6. The single largest
risk is the reliability gap - humanoid MTBF runs 2,000-5,000 hours versus
50,000-62,000 for mature industrial robots. A 10-30x gap.

Design for the EU first. Other jurisdictions follow for free.
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This is the playbook. Everything that came before - supply chain economics,
technology architecture, regulatory framework, regional dynamics - feeds
into a single phased recommendation: which positions to claim, in which
sequence, with which capital allocation, on which timeline.

Three phases. Phase 1(2025-2027): design-win accumulation at 5-10%

of R&D, with US and China as geographic priority. Phase 2 (2027-2030):
subsystem integration at 50K+ unit scale, expanding into Europe and Japan.
Phase 3 (2030-2035): Robot-as-a-Service leadership in a $10-26B market,
with South Korea and India in scope.

Get the full Report

Second-wave advantage favors sensing platforms, thermal management,
BMS, software, and functional safety over actuators. Lighter competition,
larger uncaptured value. The window closes by 2027-2028 as 48V power,
Jetson compute, and 28-joint actuator architectures lock around dominant
designs.

The highest-priority M&A targets are quantified. The geographic sequence
is specified. The supplier-category-specific action items are listed.
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The reference layer beneath the analysis: a complete figure index, the full
source catalog with citations, a glossary of acronyms and key terms, and a
note on data availability and re-use rights for licensed buyers.

Every claim in the preceding fifteen chapters is traceable to its source here.
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