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Abstract 

Humanoid Network introduces the Proof-of-Physical-Work (PoPW) Humanoid 
Network, a novel crypto-economic protocol that anchors token issuance to verifiable 
physical productivity by humanoid robots. In this network – termed the Humanoid 
Autonomous Network (HAN) – autonomous robots perform real-world tasks and earn 
crypto tokens through Proof-of-Physical-Work and Proof-of-Task-Time (PoTT) 
consensus mechanisms. By linking blockchain rewards to tangible work (measured in 
units like energy (kJ) and task-hours), HAN creates a two-sided marketplace for labor 
where robot providers are incentivized to complete jobs and clients can trust the 
delivered work. This white paper outlines the technical architecture, economic modeling, 
market potential, and tokenomics of the HAN protocol, demonstrating how it can 
monetize AI-enabled robots in unstructured environments and alleviate global labor 
shortages. 

In the coming decades, humanoid robots are expected to transition from research labs 
to mainstream production, addressing critical gaps in the workforce. Analysts project a 
massive economic impact: The humanoid robot market could reach $5 trillion by 2050 
with over 1 billion units in service, as robots begin to fulfill tasks across 
manufacturing, services, and homes[1]. Humanoid Network’s HAN is poised to be the 
first decentralized network unifying humanoid robotics, autonomous AI agents, and 
crypto incentives – a departure from earlier decentralized physical infrastructure 
networks (DePINs) like Filecoin (decentralized storage) and Helium (decentralized 
wireless). By tying token rewards directly to useful physical work, HAN aims to unlock 
unprecedented value at the intersection of blockchain and robotics, driving a 
constructive long-term outlook for both industries. The following sections detail the 
protocol’s design and economic thesis, highlight the vast market opportunity, and 
present a roadmap for executing this vision. 

Introduction 

Humanoid robots – machines with humanlike form and AI “brains” – are on the cusp of 
transforming the future of work. Recent breakthroughs in AI and engineering have 
brought robots closer to performing tasks in unstructured human environments (from 
warehouses and retail stores to hospitals and homes). As Tesla’s Elon Musk noted, if a 
humanoid robot can navigate the real world and do tasks on demand, “there is no 
meaningful limit to the size of the economy” it could unlock[2]. Tesla’s own prototype, 
Optimus, is already performing simple factory tasks in the lab and is slated for 
deployment in real factories by 2024, with potential external sales by 2025[3]. This 
signals a broader industry shift from R&D to commercialization of humanoid robotics. 

https://www.morganstanley.com/insights/articles/humanoid-robot-market-5-trillion-by-2050#:~:text=could%20be%20twice%20the%20size,industry%20in%20the%20coming%20decades
https://www.investopedia.com/4-key-takeaways-from-tesla-q1-2024-earnings-call-8637900#:~:text=ready%20to%20be%20sold%20externally,by%20the%20end%20of%202025
https://www.investopedia.com/4-key-takeaways-from-tesla-q1-2024-earnings-call-8637900#:~:text=Tesla%27s%20Humanoid%20Robot%2C%20Optimus%2C


At the same time, many economies face acute labor shortages and demographic 
challenges. By 2030, all baby boomers in the U.S. will be past retirement age, driving 
the labor force participation rate down to ~60%[4]. The U.S. is projected to add 
11.9 million new job openings this decade but only 8.9 million new workers, implying a 
shortfall of ~3 million positions[4]. Globally, the talent shortage could exceed 85 million 
workers by 2030, potentially leaving $8.5 trillion in productivity on the table each 
year[5]. Indeed, labor shortages are at historically high levels in sectors like 
healthcare, logistics, construction, and elder care[6]. Robotics offers a compelling 
solution: intelligent humanoids can fill roles that humans are unable or unwilling to take, 
working alongside people to boost productivity and sustain economic growth. 

Humanoid Network proposes a decentralized protocol to harness this opportunity by 
monetizing physical work done by humanoid robots. Unlike prior blockchain networks 
that incentivize digital resource sharing (e.g. Filecoin for storage, Helium for wireless 
coverage), Humanoid Network’s Humanoid Autonomous Network (HAN) focuses on 
real-world labor. Participants in HAN are divided into two groups: robot operators 
who contribute physical work to the network, and task requesters who pay for the 
services. The network implements novel consensus proofs – Proof-of-Physical-Work 
(PoPW) and Proof-of-Task-Time (PoTT) – to verify that work has been genuinely 
performed. In return for completing tasks (e.g. transporting goods, assisting in 
caregiving, performing repairs), robots earn HAN Tokens minted by the protocol. These 
tokens can be used within the ecosystem (for example, by clients to pay for robot 
labor, or by operators for staking and governance), creating a self-sustaining economy 
where useful work is the basis of value. 

By anchoring token rewards to verifiable physical tasks, Humanoid Network aligns 
incentives for deploying humanoid robots at scale. HAN is the first network to unite 
advanced robotics and blockchain incentives – effectively treating labor as a 
mineable resource. This approach takes the Decentralized Physical Infrastructure 
Network (DePIN) concept a step further. Whereas Filecoin and Helium proved that 
distributed hardware (servers, hotspots) can be coordinated via crypto tokens, HAN 
extends the model to autonomous robots performing general-purpose work. In doing 
so, it addresses new technical challenges (like sensor-based proof oracles and task 
validation) and unlocks a vastly larger market. As Morgan Stanley’s analysts observe, 
the “physical embodiment of AI” touches a $60 trillion TAM – on the order of global 
GDP – and the very meaning of work itself[7]. Humanoid Network’s vision is to 
capture a slice of this enormous potential by providing the infrastructure for robots to 
earn, transact, and contribute in a blockchain-mediated economy. 

The rest of this white paper is organized as follows. Section II: Technical Architecture 
explains the PoPW/PoTT protocol mechanics, including smart contracts, sensor 
oracles, and consensus logic. Section III: Economic Thesis validates the utility of the 
network with modeling and formulas, showing how token issuance ties to physical work 
units and how robot labor can be valued versus human labor (including net present 
value analysis). Section IV: Market Analysis quantifies the total addressable market, 
citing industry research (ARK Invest, Morgan Stanley, etc.) on the expected growth of 
humanoid robotics and the macro need for such a network. Section V: Tokenomics 
details the HAN Token model, distribution, and value flows within HAN. Section VI: 

https://cardinalservices.com/sobering-stats-labor-pool-shortage-until-2030/#:~:text=,entrants%20to%20the%20labor%20force
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Impact Metrics outlines key performance indicators to track network success. 
Section VII: Roadmap provides a phased plan for development and deployment. We 
conclude with a summary of the project’s long-term significance for the crypto and 
robotics landscape. 

Technical Architecture 

Overview: The PoPW Humanoid Network is built on a blockchain-based protocol that 
ensures trustless verification of physical work. The architecture marries IoT sensor 
data, smart contracts, and consensus algorithms to certify that a robot actually 
performed a claimed task in the physical world. There are several key components: (1) 
Humanoid Robots equipped with secure sensors and IoT devices, (2) Sensor Oracles 
that feed real-world data to the blockchain, (3) Smart Contracts that calculate rewards 
and log task completions, and (4) a Consensus Mechanism that validates and orders 
these transactions across the network. 

1. Robot Nodes and PoPW Submission: Each participating robot is a node in the 
network, with a unique cryptographic identity and on-chain account. When a robot 
completes an approved task, it generates a Proof-of-Physical-Work (PoPW) report. 
This report includes quantitative metrics of the work done – for example, energy 
expended (in kilojoules), force exerted, distance traveled, objects manipulated, etc., 
depending on the task type. These metrics are collected via the robot’s onboard 
sensors (power meters, accelerometers, gyroscopes, cameras, etc.). Crucially, the data 
is signed by a trusted hardware module on the robot (e.g. a TPM or secure enclave) to 
prevent tampering. The PoPW report may also include a brief cryptographic hash of a 
task log or video snippet for auditability. In parallel, the robot tracks the duration of the 
task to produce a Proof-of-Task-Time (PoTT), indicating how long the robot was 
actively engaged in fulfilling the job. 

Once the task is done, the robot node packages the sensor readings and timestamps 
into a PoPW-PoTT proof transaction and submits it to the network. For instance, a 
service robot that spent 2 hours cleaning a facility and used 5 MJ of energy might 
submit a proof stating those figures, signed by its hardware key. The proof also 
references the job ID or description (possibly linking to an off-chain record or the 
requester’s confirmation). This submission can be thought of as the equivalent of a 
“mined block” in traditional blockchain terms – but instead of hashing computations, the 
work performed is physical. 

2. Sensor Oracles and Task Verification: Before the proof is accepted, the network 
leverages sensor oracles to verify the claim. These oracles are off-chain services or 
decentralized oracle networks (like Chainlink or similar) that can cross-check the robot’s 
data. Verification can happen through multiple means, depending on the context: 

● Direct Sensor Validation: If the task environment has IoT sensors (cameras, 
smart weights, environmental sensors), those can report corroborating data. For 
example, if a robot claims to have moved 100 boxes in a warehouse, weight 
sensors on the shelves or computer vision cameras can confirm the movement. 



The oracle aggregates this evidence and signs off on the task completion if the 
data aligns. 

● Peer Confirmation: In some cases, nearby robots or devices can act as 
witnesses. Much like Helium’s proof-of-coverage (where hotspots validate each 
other’s wireless signals)[8], two robots working in proximity could periodically 
verify each other’s presence and activity (via short-range communication or 
vision), strengthening the reliability of PoPW proofs. 

● Human or AI Auditors: For complex tasks, a decentralized pool of human 
reviewers or AI models might audit random samples of task data (e.g. reviewing 
a snippet of robot-recorded video) to ensure the task was done correctly. These 
auditors could themselves stake tokens and be rewarded for honest validation, or 
penalized for collusion. 

The oracle layer feeds a verification result into the smart contract on-chain. Each task 
proof might need a certain threshold of validation (e.g. multisig from several oracle 
nodes or a quorum vote) to be considered valid. This design balances decentralization 
with practical trust: early in the network’s life, some oracle functions might be semi-
centralized (e.g. run by the Humanoid Network team or partners for quality control), but 
over time it can transition to a more decentralized oracle marketplace. 

3. Smart Contract Logic: At the heart of the protocol is a set of smart contracts 
(deployed, for example, on an Ethereum-compatible blockchain or a dedicated HAN 
chain) that handle task postings, proof submissions, and token issuance. Key 
contracts include: 

● Task Market Contract: where requesters can post tasks with descriptions and 
bounties (payment offers in tokens) and where robots can commit to tasks. This 
contract escrows payments and assigns tasks. 

● PoPW Reward Contract: which receives the robot’s proof and the oracle’s 
verification outcome. If a proof is verified, this contract computes the token 
reward owed to the robot (per the tokenomics model) and mints or releases the 
tokens to the robot’s account. If the proof is rejected (e.g. insufficient evidence or 
suspected fraud), no reward is given (and a penalty might be recorded against 
the robot). 

● Consensus/Governance Contracts: to manage the overall network parameters 
– for example, setting the conversion rates of work to tokens (the α and β factors 
described below), managing oracle reputations, and upgrading protocol rules. 
These could be governed by token holders through voting (ensuring that as the 
network matures, stakeholders have a say in tuning the system). 

Consensus Mechanism: The HAN network achieves consensus on the order and 
validity of transactions using a hybrid model that incorporates physical work as a Sybil-
resistance mechanism. Rather than classic Proof-of-Work (which expends CPU power) 
or pure Proof-of-Stake (which depends on token holdings), HAN’s consensus could be 
described as Proof-of-Useful-Work: nodes that contribute verified physical work 
effectively “mine” new blocks and tokens. One approach is to use a modified Proof-of-
Stake where a robot’s chances to produce/validate the next block are weighted by its 

https://transak.com/blog/what-is-depin-a-beginners-handbook-to-decentralized-physical-infrastrucutre-network#:~:text=Helium%20Network%2C%20for%20instance%2C%20uses,radio%20signal%20strength%20and%20location


recent proven work contributions (in addition to any staked tokens). In practice, 
consensus might be delegated to a set of validator nodes (which could be operated by 
robot owners or third parties) that run a standard Byzantine Fault Tolerant algorithm 
(like Tendermint or a Substrate-based consensus), but the protocol biases block 
rewards or leadership selection in favor of those who have higher PoPW contributions. 
This ensures that active work contributors have influence while still maintaining fast 
finality. 

For example, consider a simplified scenario: every time a robot successfully completes 
a task and its PoPW is verified, it earns “work credits” proportional to the physical work 
done. These credits could double as lottery tickets for block production. The network 
regularly selects a validator to propose the next block, biased by the distribution of work 
credits (and perhaps stake). This means a robot that does 10% of the total network’s 
work in a period would have ~10% influence on block creation in that period. Such a 
design ties the security of the chain to real-world work – an attacker would need to 
deploy a massive amount of robots doing real tasks to outweigh honest participants, 
which is economically costly (and beneficially, even if attempted, that “attack” results in 
useful labor being performed!). 

All transactions (task assignments, proof submissions, token transfers, etc.) are 
recorded on the blockchain, creating a transparent ledger of physical work. Over 
time, each robot accumulates a publicly auditable work history. This can feed into a 
reputation system: robots consistently delivering valid work build trust (and perhaps 
earn bonus rewards or priority for higher-paying tasks), whereas robots that submit 
faulty proofs can be flagged or slashed (if they had to stake some tokens as collateral 
for honesty). 

Security and Fraud Prevention: A critical aspect of the technical architecture is 
preventing abuse, such as fake work reports or repeated trivial tasks to mint tokens. 
The multi-layer verification (sensors + oracles + audits) is the first line of defense. 
Additionally, the protocol can employ methods like zero-knowledge proofs for sensor 
data to ensure data integrity without revealing sensitive raw data. For instance, a robot 
could prove cryptographically that its energy meter reading increased by X kJ during the 
task interval without the ability to arbitrarily fabricate that increase (leveraging physical 
one-way functions[9][10]). The consensus layer might also limit the rate of token 
issuance per robot or require increasing difficulty (similar to how mining difficulty 
adjusts) if someone tries to game the system. For example, if a robot repeatedly reports 
tasks that are too easy or too fast, the rewards might diminish unless additional proof of 
usefulness is shown (ensuring Proof-of-Work is also proof-of-useful-service). 

In summary, the technical architecture creates a closed-loop system: tasks are 
posted, robots complete tasks and generate PoPW/PoTT proofs, oracles verify the real-
world outcomes, and smart contracts reward the robots in tokens – all under the 
governance of a consensus that favors genuine productive work. This framework 
provides a foundation for scaling up to thousands or millions of robots across the globe, 
each contributing to and extracting value from a shared network. Next, we quantify how 
this value is determined and why anchoring tokens to physical labor creates a robust 
economic model. 

https://advanced.onlinelibrary.wiley.com/doi/full/10.1002/advs.202409386#:~:text=,the%20possible%20application%20of
https://discovery.researcher.life/article/physical-one-way-functions-for-decentralized-consensus-via-proof-of-physical-work/1333891276963d10a543c4bbb74679ba#:~:text=Physical%20One,This%20work%20initiates%20a


Economic Thesis 

Value of Physical Work in the Network: The core premise of Humanoid Network’s 
economy is that tokens represent productive output – essentially tokenizing work. 
Unlike arbitrary cryptocurrencies, HAN Tokens are issued only when a verifiable unit of 
work has been done by a robot. This gives the token an intrinsic link to economic value: 
each token is backed by a quantity of labor (measured in energy and time) that society 
deems useful. The economic thesis posits that as long as there is demand for the 
underlying work (cleaning, delivery, caregiving, manufacturing tasks, etc.), there will be 
demand for the tokens that facilitate and reward that work. 

To formalize this, we introduce a simple model for token issuance per work unit. 
Suppose a task 𝑖 requires a robot to expend 𝑊𝑖 kilojoules of energy and 𝑇𝑖 hours of 
active time. The protocol can define a Work Reward Function 𝑅(𝑊𝑖, 𝑇𝑖) that calculates 
how many tokens are minted for that task. For example: 

𝑅(𝑊, 𝑇) = 𝛼 ⋅ 𝑊 + 𝛽 ⋅ 𝑇, 

where 𝛼 (tokens per kJ) and 𝛽 (tokens per hour) are constants set by the network to 

calibrate rewards. In practice, 𝛼 and 𝛽 could be tuned such that an hour of moderate 
human-equivalent work yields roughly the same token reward whether it’s an hour of 
low-power activity or a shorter, high-energy task. For instance, if 1 hour of human labor 
(e.g. manual work) is estimated to expend ~360 kJ (about 0.1 kWh) and we want that to 
correspond to 1 token at baseline, the parameters might be set so that 𝛽 =

1 𝑡𝑜𝑘𝑒𝑛/ℎ𝑜𝑢𝑟 and 𝛼 =
1 𝑡𝑜𝑘𝑒𝑛

360 𝑘𝐽
 . Then: 

● A task that takes 1 hour and uses 360 kJ yields 𝑅 = 1 ⋅ 360 + 1 ⋅ 1 = 361 tokens 
in this raw example, which would be normalized (the units here can be scaled 
down by a factor, e.g. 1/360, to make it 1 token). We illustrate the concept rather 
than the exact numbers – the key is that physical work translates to token 
rewards in a linear and auditable way. 

In practice, the reward function might incorporate more nuance: a difficulty factor or 
quality score 𝑄𝑖 for task i, so 𝑅𝑖 = (𝛼𝑊𝑖 + 𝛽𝑇𝑖) × 𝑄𝑖 . A higher $Q_i$ would reward 
tasks that are particularly valuable or skill-intensive (for example, a task that requires 
delicate manipulation or advanced AI reasoning might get a multiplier). This ensures the 
system doesn’t just reward brute force or idle time, but useful work. The consensus and 
governance process (with input from the community or a foundation) would update 
these parameters over time to keep the token incentives aligned with real-world 
economics (avoiding runaway inflation of tokens if robots become too efficient, by 
making rewards per kJ/time gradually lower as hardware improves, for instance). 

Economic Utility and Pricing: On the demand side, if HAN Tokens are used to pay for 
robot services, their value will be tied to the market price of those services. Suppose 1 
token is defined to correspond to roughly one unit of work (as above, say one token per 
~0.1 kWh or per ~hour of standard labor). If the prevailing market wage for that labor is, 
say, \$15/hour for a human, one could expect (in a balanced market) 1 token to 
gravitate toward \$15 in value (minus some discount or plus a premium depending on 



robot efficiency and supply/demand). In other words, the token acts as a 
representation of labor value. This creates a natural feedback loop: if tokens are 
cheap, businesses will buy tokens to get cheap robot labor until demand drives the 
token price up; if tokens are overpriced relative to human labor, demand for robot work 
will slacken, reducing token demand and lowering the price. Such a mechanism can 
stabilize the token’s real value over time, effectively pegging it to a basket of 
labor/services provided by the network. 

Robot Labor vs. Human Labor – NPV Analysis: A crucial aspect of the economic 
thesis is that robots, once mature, can provide labor at lower effective cost and higher 
productivity than humans in many tasks. We compare the net present value (NPV) of 
employing a robot to that of a human worker. Let’s define: 

● 𝐶𝑟 = upfront cost of the robot (purchase or equivalent capital cost). 
● 𝐶𝑜𝑝 = annual operating cost of the robot (energy, maintenance). 
● 𝑊ℎ = annual wage cost of a human worker performing the same job (including 

benefits). 
● 𝛥𝑃 = productivity uplift factor (e.g. if the robot can work 2× the hours or speed of 

a human, 𝛥𝑃 = 2.0 ; if equally efficient, 𝛥𝑃 = 1.0 ; if slightly less efficient, 𝛥𝑃 < 1 
). 

● 𝑁 = effective working life of the robot in years. 
● 𝑟 = discount rate (cost of capital). 

We can model the scenario where a robot replaces a human job as an NPV of savings. 
The NPV of using the robot (versus hiring a human) is approximately: 

𝑁𝑃𝑉 = −𝐶𝑟 + ∑

𝑁

𝑡=1

(𝑊ℎ × 𝛥𝑃 − 𝐶𝑜𝑝)

(1 + 𝑟)𝑡
. 

Here, 𝑊ℎ × 𝛥𝑃 is the annual labor cost equivalent the robot can provide (if 𝛥𝑃 > 1 , the 
robot does more work than one human, effectively “saving” more than one salary). A 
positive NPV means the robot is economically advantageous. This equation helps find 
the tipping point where robots become cheaper than humans. Solving for NPV = 0 
yields the break-even 𝛥𝑃 or break-even 𝐶𝑟 . 

Using research from ARK Invest as a guide: ARK estimates that at a robot cost of about 
$16,000, even a modest productivity uplift of just 5% (i.e. the robot is 1.05× as 
productive as a human) would make it economically viable[11]. In our terms, if C_r = 
$16k , 𝑁 = 5 years (say), W_h = $40k/year (roughly a full-time salary), 𝐶𝑜𝑝 is small 

(electricity etc., maybe $2k/year), and 𝑟 = 10 , then even 𝛥𝑃 = 1.05 could produce NPV 
> 0. Essentially, the wage savings (~$40k1.05 = $42k/year) over 5 years, discounted, 
minus the costs (~$16k + ops) comes out positive. If robots achieve human-level or 
greater productivity* (𝛥𝑃 ≥ 1 ) and their costs continue to fall, companies will have a 
strong financial incentive to deploy them at scale. 

In fact, ARK’s research suggests the potential scale of savings is enormous. In U.S. 
manufacturing, nearly 12 million people earn an aggregate $785 billion per year to 

https://www.ark-invest.com/articles/analyst-research/how-ark-is-thinking-about-humanoid-robotics#:~:text=tipping%20points%20in%20their%20net,%E2%80%9D3


produce $2.4 trillion of output[12]. If robots working longer hours could do the same 
work, ARK finds that about 5.9 million robots (working 16 hours a day) could match 
the output of those 11.7 million humans, at roughly half the labor cost[12]. This implies a 
value capture of hundreds of billions per year in just one sector. From a net present 
value perspective, each robot in that scenario represents the NPV of the wages it 
replaces. Even if a robot costs, say, $50k, if it can replace a $100k/year fully burdened 
labor cost (either by working more hours or doing tasks humans can’t fill), the payback 
period is short and the ROI is high. 

Role of the HAN Token in Value Capture: The HAN Token effectively lets robot 
owners monetize these productivity gains upfront. Instead of a company deploying a 
robot solely to save on wages internally (a traditional ROI model), the HAN network 
allows a robot to earn tokens by providing services to anyone in the market. The token 
rewards per task are calibrated to reflect the economic value of the task. For example, if 
a robot performs a task that a human would charge $100 for, the network might reward 
roughly $100 worth of tokens (depending on token market price). Thus the robot’s 
owner is paid in tokens that encapsulate that $100 of value, which they can then sell or 
reinvest. This creates a more liquid and immediate payoff for robot deployment. 

Moreover, if the HAN Token appreciates in value as the network grows (due to 
increased demand for robot labor services), early robot adopters benefit from that 
upside. This is attractive to venture investors and robot manufacturers: by participating 
in HAN, they not only get service revenue but also an asset (tokens) that could 
appreciate similarly to how early Bitcoin miners benefited from network growth. 
Importantly, because tokens are only minted for real work, growth in token supply is 
coupled to growth in economic output – mitigating inflation concerns. In economic 
terms, productivity growth backs the currency. 

To summarize, the economic thesis of Humanoid Network is that a decentralized robot 
labor network is sustainable and scalable because it taps into fundamental supply 
and demand dynamics: businesses need work done (and face shortages of human 
labor), and robots can supply that work at competitive or lower costs. By using a crypto-
token system, we ensure transparent accounting of work, provide incentives for rapid 
adoption (via token rewards), and distribute the gains of automation broadly to network 
participants rather than concentrating them. The next section will quantify the size of the 
market that this protocol can address and present external validation for these 
assumptions. 

Market Analysis 

The potential market for humanoid robotic labor is immense and rapidly approaching an 
inflection point. Several high-level research reports and economic indicators illustrate 
the total addressable market (TAM) and the urgency of solutions like Humanoid 
Network: 

● Global TAM and Revenue Potential: According to ARK Invest’s analysis, if 
humanoid robots achieve broad adoption, they could generate $20–25 trillion in 
annual revenue (in today’s dollars) at scale[13]. This includes applications in 

https://www.ark-invest.com/articles/analyst-research/how-ark-is-thinking-about-humanoid-robotics#:~:text=In%20this%20article%2C%20we%20focus,manufacturing%20output%2C%20as%20shown%20below
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both household robotics (e.g. automating 2.3 hours of unpaid domestic work 
per day across 2.8 billion working-age people) and manufacturing/industrial 
robotics. ARK projects roughly $12.5 trillion in annual value from household 
tasks and a similar magnitude from manufacturing tasks, combining to a 
$24+ trillion opportunity (see Figure 1). This scenario envisions that a 
substantial fraction of routine labor is delegated to robots, with providers (robot 
operators) taking a percentage of the value created. Indeed, ARK’s figures 
assume varying “take rates” (10%, 20%, 50%) of the value by robot providers; 
even at a modest 20% take rate and 50% productivity uplift, the revenue 
opportunity is in the tens of trillions

 
. Figure 1: ARK Invest’s forecast of a $24+ trillion global revenue opportunity 
from general-purpose robotics, split between household (~$12.5T) and 
manufacturing (~$12T) sectors, assuming widespread adoption by 2030. The 
green-highlighted cells reflect ARK’s plausible assumptions for provider take-rate 
and productivity gain.[13] 

● Morgan Stanley’s “Humanoid 100” and Forecasts: Morgan Stanley Research, 
in a 2025 deep-dive report, estimates the humanoid robot market could reach 
$5 trillion in direct sales by 2050, with over 1 billion humanoids in use[1]. To 
put that in perspective, they note this could make the humanoid sector twice the 
size of the automotive industry in coming decades[14]. Critically, 90% of those 
1 billion robots are expected to be employed in industrial and commercial 
settings (factories, warehouses, hospitals, etc.), reflecting where labor gaps and 
economic returns are highest[15][16]. Morgan Stanley’s timeline suggests a 
relatively slow start in the 2020s, with adoption “relatively slow until the mid-
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2030s” before accelerating in the late 2030s and 2040s[17]. This aligns with 
technology and cost curves: humanoid unit costs (in high-income countries) are 
around $200k in 2024 but projected to fall to ~$50k by 2050 (and as low as $15k 
in China by 2050) as volumes rise and technology matures[18]. Such cost 
declines are key to mass adoption – and as costs drop, the value proposition of 
protocols like HAN becomes even stronger (since more companies and 
individuals can afford robots that then monetize through the network). 

● United States Labor Market: Focusing on the U.S., which is a likely early 
adopter region for advanced robotics: The U.S. Bureau of Labor Statistics and 
Bureau of Economic Analysis data (as compiled by ARK) show huge sectors that 
could be automated. For example, manufacturing (as noted) is 12 million jobs 
and ~$2.4T output[12]; transportation, retail, healthcare support, agriculture, and 
construction collectively account for tens of millions more jobs – many of which 
involve repetitive or physically demanding tasks that robots could eventually 
handle. At the same time, the U.S. is experiencing a labor crunch. Demographic 
projections from the U.S. Census Bureau show that by 2030, one in five 
Americans will be 65 or older[19], swelling the retired population and 
increasing demand for eldercare (while shrinking the relative working-age 
population). This is already manifesting in shortages: for instance, there are 
chronic shortfalls in healthcare aides and logistics workers. A study by Korn Ferry 
highlights that the U.S. (and global) labor gap isn’t just a temporary post-
pandemic blip but a long-term issue – globally 85 million jobs could go unfilled 
in 2030 due to lack of workers[5]. Humanoid Network’s network can help mitigate 
these shortages by effectively creating a new labor force in the form of humanoid 
robots, each contributing to economic output via the tokenized market. 

● Use Cases and Sector Demand: The TAM can also be broken down by key 
sectors: 

● Manufacturing & Warehousing: Automation here is well-understood and 
already underway (with fixed robots), but humanoids bring flexibility to perform 
multiple tasks. They can tackle the millions of unfilled manufacturing jobs and 
augment the existing workforce. The ARK Invest scenario where 5.9M robots do 
the work of 11.7M humans[12] shows a path to maintain output with fewer human 
workers, which is vital as younger generations show less interest in manual 
factory jobs and as reshoring efforts create demand for local automated 
production. 

● Logistics & Delivery: E-commerce and supply chains are straining under labor 
shortages (e.g. not enough forklift operators and pickers). Humanoid or mobile 
robots that can navigate human environments (trucks, loading docks, store 
aisles) could fill these roles. This represents a multi-billion dollar service market, 
which the HAN protocol could tap into by rewarding robots per package delivered 
or per kilometer pushed. 

● Healthcare & Elder Care: This is a burgeoning need – caring for an aging 
population. Humanoid robots that can assist nurses or help the elderly at home 
could alleviate the severe caregiver shortage. The economic value is twofold: 
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direct (robots providing care services that would otherwise go unmet) and indirect 
(freeing human caregivers for higher-level tasks). Governments and insurers 
would likely pay for such robotic services, creating a revenue stream for 
participants in the network. 

● Retail & Hospitality: Service robots that can clean, stock shelves, prepare food, 
or serve customers address the persistent vacancies in these industries (many 
retailers and restaurants struggle to hire enough staff, especially for undesirable 
shifts). A network-driven approach means a franchise owner could “hire” robot 
hours via tokens to fill those gaps. 

● Home Services: Eventually, personal robots in homes performing chores 
(cleaning, laundry, cooking) represent a huge consumer market – essentially 
converting part of the $12T in unpaid domestic labor into an economic 
market[13]. While Morgan Stanley is conservative on household adoption by 
2050 (only ~80M home robots globally)[20], even that scenario is a vast user 
base that a platform like Humanoid Network can serve (enabling homeowners to 
reward their robots or share robot time with others via tokens). 

● Competitive Landscape – Why HAN is Unique: There are emerging 
decentralized networks focused on physical infrastructure (often referred to as 
Proof-of-Physical-Work networks[21]), such as Helium (for wireless hotspots) 
and Filecoin (for data storage). These have validated the model of using tokens 
to jumpstart supply side participation: Helium grew to over a million hotspots 
globally by rewarding users for providing coverage[22], and Filecoin amassed 
over 7.8 exabytes of storage with thousands of providers[23]. However, no 
existing network targets general-purpose robotic labor. Humanoid Network’s 
closest analogues are perhaps nascent projects in decentralized ridesharing or 
delivery, but those typically still involve humans or single-purpose devices. HAN 
is the first platform aiming to unify humanoid robots and autonomous AI 
agents under a crypto incentive scheme, allowing coordination on a global 
scale. This first-mover advantage is significant. As Morgan Stanley points out, 
the “humanoid theme” is becoming too large to ignore[24], and much of the 
innovation is coming from tech companies and startups – yet none have an open 
network approach. By establishing network effects early (attracting robot makers 
and task providers), HAN could become the de facto marketplace for robot labor, 
analogous to how Uber became a dominant network for ride services but in this 
case owned by the participants and not a corporation. 

● Long-Term Outlook: In the long run, if humanoid robots approach human-level 
versatility, the ceiling for market size is effectively the entire labor economy. 
Global GDP today is around $100 trillion; a large portion of that is wages paid for 
physical or manual work. If even a fraction of that flows through a robot labor 
network, it would dwarf most current platform economies. For instance, Morgan 
Stanley alludes to the idea that the humanoid market touches $60 trillion of 
economic activity (global GDP related to labor) when considering indirect 
effects[7]. Elon Musk has suggested that Optimus (Tesla’s robot) could 
eventually be “more valuable than everything else [Tesla makes] combined”[2]. 
ARK forecasts that in a world where robots are ubiquitous, they could add tens of 
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trillions in new economic activity, essentially turbocharging productivity across 
sectors. 

In summary, market analysis strongly indicates that the time is ripe for a platform like 
Humanoid Network. The demand drivers (labor shortages, aging demographics, rising 
wages for manual jobs, need for productivity gains) are aligning with the supply drivers 
(falling robot costs, AI advancements, corporate investment in automation). Early 2020s 
is the R&D phase for humanoids, but by the 2030s we expect to see these robots at 
work in meaningful numbers. By providing the crypto-economic rails for that growth, 
HAN can capture and accelerate a portion of the value creation. The next sections will 
delve into how the token system is structured to capitalize on this market and what 
metrics will be key to measuring success. 

Tokenomics 

The HAN Token (HAN token) lies at the center of the humanoid network’s economy. Its 
design follows sound tokenomic principles to ensure incentive alignment, fair 
distribution, and long-term sustainability. Below, we outline the token’s role, supply 
mechanics, distribution model, and utility within the network: 

1. Token Supply and Issuance: HAN Tokens are minted according to the Proof-of-
Physical-Work protocol rules – meaning new supply enters circulation only when real 
tasks are completed and verified. There is no arbitrary schedule of inflation; instead, 
issuance is demand-driven by work. This makes the token akin to a “labor-backed 
currency.” In early years, as the network bootstraps, we expect a higher rate of token 
issuance (since many tasks will be completed to grow the network). However, each unit 
of issuance corresponds to a unit of productivity, so the economy grows in tandem with 
token supply. The protocol may implement a cap or decay schedule on rewards per 
task over time: for example, the reward parameters (𝛼, 𝛽 ) could slightly decrease each 
year to account for improved robot efficiency (similar to how Bitcoin halves its mining 
reward to encourage scarcity). This would ensure that as robots get more capable 
(doing more work per hour), the tokens per unit work adjust downward to prevent 
oversupply. An illustrative target could be a long-run asymptotic cap on total tokens (or 
at least a cap on tokens per robot). Ultimately, governance by token holders can fine-
tune the supply policy. 

2. Genesis Distribution: At network launch (genesis), a fixed supply of tokens will be 
created to allocate to various stakeholders in a balanced way: - Foundation/Team: A 
portion (e.g. 15%) to the founding team and project treasury for development. These 
could be locked with multi-year vesting to signal long-term commitment. - Investors: A 
portion (e.g. 10%) reserved for seed and future funding rounds to ensure the project has 
capital for growth (again, likely vesting schedules apply). - Community & Ecosystem: 
A significant share (e.g. 20%) set aside for grants, partnerships (robot manufacturers, 
research labs), and early adopter incentives. This could fund hackathons, oracle node 
incentives, etc. - Mining Reserve: The majority (say 55%) allocated to a smart contract 
that releases tokens as mining rewards for PoPW over time. This is the pool from which 
robot task rewards are drawn. It could be structured to release, for instance, over a 20-
year period following an emission curve linked to work growth. 



(The percentages are hypothetical for demonstration; actual figures would be decided to 
optimize network growth and fairness.) 

3. Utility of the Token: The HAN Token has multiple utility facets within HAN: - 
Medium of Exchange: Clients use tokens to pay for robot services. For example, a 
logistics company needing 100 hours of robotic work would acquire and spend HAN 
Tokens to get those tasks done via the network. This drives token demand directly 
from economic activity. - Incentive for Providers: Robot operators earn tokens as 
revenue. This is the “mining reward” for contributing work. They can hold tokens 
(becoming stakeholders in the ecosystem), sell them to realize profit, or spend them on 
services (e.g. a robot might pay another network service in tokens, such as buying 
replacement parts via a partner marketplace). - Staking and Security: To ensure good 
behavior, certain participants may need to stake tokens. For instance, oracle providers 
or auditors stake tokens that can be slashed if they validate false work. Robot operators 
themselves might stake a small amount as a bond when accepting a task, to discourage 
malfeasance (this stake could be lost if they falsify proof). Staking reduces token float 
and aligns incentives (only those with a stake in the network validate tasks). - 
Governance: HAN Token holders can govern the network parameters. Using a DAO 
model, holders can vote on proposals: adjusting reward rates, accepting new oracle 
mechanisms, treasury spending for ecosystem development, etc. This ensures 
decentralized control as the network grows, and that decisions serve the majority 
interest of token holders (who are the very participants of the network). - Burn-and-Mint 
Equilibrium: To promote a healthy token economy, the network can implement a burn 
mechanism reminiscent of Helium’s model. For example, when clients spend tokens for 
a task, those tokens could be burned (removed from circulation) and an equivalent 
amount of “credits” given to the robot operator (which can be converted back to tokens 
via mining rewards). This effectively ties the token’s value to usage: higher usage leads 
to more burning, reducing supply, which can increase price – incentivizing more 
providers to join. Meanwhile, the mining contract mints new tokens at a controlled rate 
to reward work. If designed properly, the system can reach a state where token burn 
(from usage) roughly equals token mint (from work), achieving an equilibrium that 
makes the token deflationary or stable in supply as the network matures. This concept 
is used by Helium (where HNT is burned for Data Credits and new HNT is minted for 
coverage)[21][25], and it can be adapted for HAN. 

4. Token Value Capture: A critical aspect for investors is: how does the token accrue 
value as the network grows? The value capture comes from the network effect and 
scarce supply. As more tasks are transacted through HAN, more tokens are 
demanded by users, and if supply growth is controlled (as described), the price per 
token rises. Additionally, token holders benefit from network fees. The protocol can levy 
small fees on each task transaction (for instance, a 1-2% fee in tokens on payments or 
on rewards). These fees could flow into a DAO treasury or be periodically burned. 
Either way, they ensure that as gross marketplace volume increases, token holders see 
value accrual. This is similar to how Ethereum’s gas burn (EIP-1559) makes ETH more 
valuable when usage is high. In HAN, if millions of robots are completing billions of 
dollars worth of tasks, even a tiny protocol fee would generate substantial token 
demand or burn. 
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5. Comparison to Traditional Models: It’s worth noting that in a centralized scenario 
(say a company deploying a fleet of robots), the company’s equity captures the value. 
Here, the HAN Token plays that role – it is like owning a piece of the “Uber of robots,” 
except Uber is replaced by a decentralized protocol. As the network’s GDP (gross 
robotic product) expands, the token reflects that growth. 

6. Tokenomics Models and Examples: Let’s illustrate with a simplified numeric 
example: - Year 1: 100 robots perform 50,000 tasks, generating 1 million tokens in 
rewards. Suppose 70% of those tokens are bought by task requesters on the open 
market (and eventually burned as part of fees), and 30% go to robot operators profit. 
Token price is low initially, say $0.50, market cap small. - Year 5: 10,000 robots perform 
10 million tasks, generating 100 million tokens in rewards. By now, token reward per 
task has decreased (due to protocol adjustments) to avoid inflation, or a portion of 
rewards come from recycled burned tokens. Usage is high – many tokens are 
transacted and burned for fees. Token price might have risen to, say, $5 due to demand 
outpacing new supply. Market cap grows, but importantly the value is distributed: many 
robot operators hold tokens, and new participants buy tokens to use the services. - Year 
10: 1 million robots, global operations. At this stage, raw minting might slow dramatically 
– perhaps almost all new tasks are paid with recycled tokens from burning, achieving a 
steady state. The token could become relatively stable or appreciating based on how 
much new economic activity comes online. If, hypothetically, the network facilitates 
$100 billion in work and protocol fees are 1%, $1 billion worth of tokens would be 
burned annually. With a fixed or capped supply, that could create deflationary pressure, 
driving price up until it balances miners’ incentive (i.e., if price goes too high, more 
robots join to earn it, increasing supply slightly, and vice versa). In equilibrium, the token 
finds a value where the marginal cost of robot labor (in tokens) equals the marginal 
utility to task requesters – a state of economic balance the protocol aims to achieve. 

7. Key Token Metrics: Some metrics to monitor the health of the tokenomics (which we 
detail more in the next section) include: - Token inflation rate vs task growth rate 
(ideally, task volume growth ≥ token supply growth). - Velocity of tokens: how often 
tokens circulate (high velocity indicates active use as medium of exchange). - Staking 
participation: percent of tokens staked in governance or as collateral (indicates 
network trust and commitment). - Treasury funds: value of tokens in the DAO treasury 
(for future development/incentives). 

In conclusion, the HAN Token is designed to be functional (powering the marketplace), 
rewarding (to attract early adopters and investors), and self-regulating (via burn 
mechanisms and governance to adjust supply). By grounding the token’s value in real 
work, we avoid the pitfalls of purely speculative cryptocurrencies – instead fostering a 
token economy that grows hand-in-hand with real economic contributions. This 
alignment will be crucial for sustaining investor confidence and encouraging enterprises 
to integrate with HAN. 



Impact Metrics 

To gauge the performance and impact of the PoPW Humanoid Network, we define a set 
of Key Performance Indicators (KPIs). These metrics will help participants and 
investors track the network’s growth, efficiency, and real-world penetration over time: 

● Total Tasks Completed: The cumulative number of tasks successfully 
completed and verified on the network. This measures overall usage. A steady 
upward trend in tasks reflects growing adoption. We can break this down further 
by category (e.g. X manufacturing tasks, Y delivery tasks, Z caregiving tasks), 
showing diversification of use cases. 

● Physical Work Verified: This captures the total quantity of physical work 
performed, e.g. total energy (in kilojoules) expended and total task-hours logged 
by robots on-chain. This metric directly ties to our Proof-of-Physical-Work 
concept. For instance, “10^8 kJ of work and 50,000 hours of task-time have been 
delivered via HAN in the past quarter.” Growth here indicates the network’s 
tangible contribution to the economy. 

● Active Robots (Supply Side): The number of humanoid robots (or robotic 
devices) active on the network, meaning they have completed at least one task in 
a given period. We can also track growth rate of robot onboarding (new robots 
joining per month). This metric tells us how attractive the network is to robot 
owners/operators. A related metric is the average utilization rate (what 
percentage of time each registered robot is working on network tasks), which 
reflects efficiency and market equilibrium (low utilization could mean oversupply 
of robots or not enough tasks; high utilization with growing robot count means 
strong demand). 

● Active Clients / Task Requesters (Demand Side): The number of distinct users 
or organizations posting tasks and consuming robot labor. Growth in clients 
indicates widening recognition and trust in the network’s services. We might also 
measure client retention and average spend per client (e.g. an enterprise 
might start with a pilot and then integrate more tasks if satisfied, increasing their 
spend over time). 

● Token Economics Metrics: Several sub-metrics here: 

● Token Price and Market Capitalization: While price can be volatile, tracking the 
token’s value and total market cap provides a high-level indicator of the market’s 
belief in the network’s future cash flows. A rising market cap over the long term, 
coinciding with increased task volume, would validate the value capture model. 

● Token Circulation vs Burn: The amount of tokens transacted in payments and 
the amount burned as fees (if applicable). For example, “In Q4, 5 million tokens 
were used for task payments, and 1 million were burned in fees, while 4.5 million 
new tokens were minted as rewards.” This can be combined into a net inflation 
rate. 



● Staked Tokens: The proportion of the total token supply that is locked in staking 
for various purposes (governance, oracle stake, etc.). High staking percentage 
implies commitment and reduces circulating supply (often a positive sign for 
network security and token stability). 

● Treasury Holdings: The balance of the community/treasury wallet (in tokens or 
other assets) that will fund development and incentives. This reflects the runway 
and ability to grow. 

● Marketplace Value (Gross Network Value): The fiat value of services 
transacted through the network in a period. Essentially, total payments to robots 
in USD terms. This is akin to “GMV” (gross merchandise value) for a 
marketplace. If in a year the network facilitated, say, $50 million worth of work, 
that is a direct measure of economic impact. We can compare this to the 
theoretical TAM to see penetration (e.g. $50M is small relative to a $500B annual 
market for the tasks targeted, leaving huge room to grow). 

● Cost Savings / Productivity Gain Realized: This metric attempts to quantify 
how much economic value the network provided compared to traditional labor. 
For example, if tasks worth $50M were done by robots at a cost of $40M (in 
tokens), one might say $10M of net savings was realized by users (or that 
amount of human wages was reallocated). This is a more complex metric, but it 
could be highlighted via case studies (e.g. a user case where a company saved 
20% on operating costs by utilizing HAN robots). Such metrics appeal to 
enterprise users and policymakers. 

● Geographical and Sectoral Spread: The number of cities/countries where tasks 
are happening, and the distribution of tasks across industry sectors. A broad 
geographic spread indicates robustness (not dependent on one region’s policy or 
one partner), and multi-sector use shows the platform’s versatility. One could 
measure a Herfindahl index or similar for concentration – we want a lower 
concentration (meaning not just one big client or one type of task). 

● Network Reliability and Trust Indicators: These include metrics like 
verification success rate (percentage of submitted proofs that get verified 
without dispute), dispute resolution times (if any tasks are challenged, how 
quickly resolved), and security incidents (if any fraud attempts occurred and 
were they mitigated). A high success rate and low incidence of fraud would show 
that the consensus/oracle system is working effectively. 

● Community Growth: Since this is a decentralized network, the size of the 
community is important – number of active governance voters, number of 
developers contributing (if open source robotics integrations, etc.), and social 
metrics (followers, developer meetups). This is more qualitative but can be 
quantified by participation in votes or proposals, and the number of improvement 
proposals tabled/passed. 

For clarity, these key metrics can be summarized periodically in a “HAN Network 
Health” dashboard that all stakeholders can monitor. The goal is to maintain 



transparency and accountability, demonstrating that as HAN Tokens flow, they 
correspond to real-world outcomes. Investors will look at metrics like task volume and 
burn rate relative to token supply to gauge if the network is growing sustainably. Robot 
operators will watch token price and tasks available to decide on expanding their fleets. 
Policymakers or analysts might watch how many jobs equivalent have been automated 
or augmented through the network (which could tie into productivity statistics). 

In essence, Impact Metrics ensure that the project remains grounded in delivering 
value. Because our protocol deals with both cutting-edge tech (AI robots) and human 
livelihoods (jobs and tasks), tracking these metrics also allows us to address any 
societal concerns (for instance, if millions of tasks are done by robots, are we 
addressing re-skilling for humans? The network could even track if robots are filling 
roles that had high vacancy rates, framing it as solving a labor shortage rather than 
displacing actively employed workers). 

With these KPIs defined, Humanoid Network commits to regular reporting (perhaps via 
quarterly reports or a real-time dashboard) to all token holders and participants. Clear 
metrics will help attract further capital (as VCs or partners can see progress) and guide 
governance decisions (if some metrics lag, token holders might propose changes to 
protocol parameters to improve them). 

Roadmap 

Achieving the ambitious vision of the PoPW Humanoid Network will require a phased 
approach. Below is a roadmap outlining the development and deployment stages, with 
key milestones in each phase: 

● Phase 1: Conceptual Prototype and Pilot (2024 – 2025) 

● Milestone 1: White Paper & Simulation Release (Q4 2024) – Publication of this 
white paper and an initial simulation of the PoPW protocol. We will demonstrate a 
small-scale scenario (perhaps in a lab setting) with a couple of robots performing 
mock tasks and generating PoPW proofs on a test blockchain. This validates the 
core concept. 

● Milestone 2: Alpha Pilot with Partner Robots (2025) – Partner with a humanoid 
robot developer (e.g. a startup or lab) to integrate the HAN protocol on a few 
physical robots. Likely use-case: warehouse item picking or office building 
cleaning in a controlled environment. The robots will complete tasks while 
recording sensor data, and we’ll use oracles (could be simple – e.g. an IoT 
camera verification) to validate and issue testnet tokens. This pilot will focus on 
working out kinks in sensor oracles, latency of verification, and smart contract 
logic. 

● Milestone 3: Token Contract Deployment (Testnet) and Security Audit (late 
2025) – Develop the smart contracts (task market, reward logic, etc.) and deploy 
on a public testnet (like Ethereum Goerli or a custom sidechain). Conduct 
thorough audits of the contracts and the overall security assumptions (with 
reputable auditors) to ensure robustness before any real value is involved. 

● Phase 2: Network Launch and Beta (2026 – 2027) 



● Milestone 4: Mainnet Launch of HAN (2026) – Launch the HAN Token and 
genesis block. Early participants (robot owners, node operators) are onboarded. 
At launch, the network might still be permissioned or semi-decentralized (to 
maintain quality); for example, only approved pilot robots can submit tasks 
initially, and oracles might be run by the core team. The initial mining reward 
parameters are set generously to incentivize joining. 

● Milestone 5: Real-World Beta Programs (2026–27) – Expand pilots to real-
world environments in multiple sectors. For instance, a collaboration with a 
manufacturing plant to have a few robots working a shift and earning tokens for 
tasks, or a hospital testing a nurse-assist robot logged via HAN. Another example 
is partnering with a logistics firm to use bipedal robots for last-50-meters delivery 
tasks. In these betas, we’ll integrate fiat on/off ramps: clients can pay in fiat which 
converts to tokens under the hood, and robot operators can cash out if needed. 
The aim is to validate the marketplace aspect – matching supply and demand 
and handling payments. We will also refine the Proof-of-Task-Time tracking to 
ensure robots aren’t rewarded for idle time (maybe requiring minimum work 
thresholds). 

● Milestone 6: Community Building & Governance Go-Live (2027) – By now, we 
anticipate a small but growing community of token holders and enthusiasts (likely 
including robotics companies, AI researchers, and crypto DePIN supporters). We 
will launch the on-chain governance module, so early adopters can start 
proposing and voting on improvements (e.g. adjusting token parameters or 
adding support for new oracle data types). Also, launch a grant program from 
the treasury to encourage development of tools: e.g., integrations with robot 
operating systems (ROS), dashboard apps for companies to post tasks easily, 
etc. 

● Phase 3: Scaling and Growth (2028 – 2030) 

● Milestone 7: Decentralized Oracle Network & Open Access (2028) – By this 
point, the oracle verification should be more decentralized. We envision 
onboarding third-party oracle providers (similar to Chainlink nodes) that can 
verify different task types globally. The network opens up registration to any 
compliant robot hardware. This means any company or individual with a 
compatible robot can join and start earning tokens for tasks, truly decentralizing 
the supply side. 

● Milestone 8: 1000+ Robots and Enterprise Adoption (by ~2028) – Achieve a 
critical mass: thousands of robots performing tens of thousands of tasks monthly. 
Secure a few enterprise partnerships where large organizations use the network 
at scale (e.g. a facility management corporation uses HAN to dispatch cleaning 
robots across 100 buildings, using tokens to pay and tracking performance on-
chain). Emphasize success stories and ROI case studies (e.g. case where using 
HAN robots saved X% cost or filled Y hours of labor shortage). These will be vital 
to convince more users to come onboard. 

● Milestone 9: Interoperability and DeFi Integration (2029) – Integrate the token 
and data into the wider crypto ecosystem. For instance, allow HAN Tokens to be 



used in DeFi (perhaps borrowing against future work – a robot owner might 
collateralize their future token earnings to get a loan to buy more robots). 
Additionally, explore interoperability standards (like linking with other DePIN 
projects: maybe a Filecoin integration where robot-collected data can be stored 
via Filecoin, or Helium integration for robot connectivity). By 2029, the project 
aims to be not just a standalone network but part of a network of networks 
fueling Web3 physical services. 

● Milestone 10: Global Expansion & Regulatory Compliance (2028–30) – Enter 
additional markets (Europe, Asia beyond early partners, etc.). Ensure compliance 
with local regulations (for example, labor laws, crypto regulations, and safety 
standards for robots). Possibly engage with governments or NGOs about how 
such a network can help labor market frictions. For instance, an OECD or IZA 
collaboration to study the impact (since they track labor economics) – framing 
HAN as augmenting workforce productivity. In terms of scale, aim for coverage in 
regions representing >50% of the global GDP (since this will largely map to 
where robots are being adopted). 

● Phase 4: Maturity and Mainstream Adoption (2030 and beyond) 

● Milestone 11: Millions of Robots – Transition to Autonomous Network 
(2030s) – In the 2030s, if projections hold, humanoid robots deployment will 
steeply rise[26]. The network should seamlessly accommodate millions of robots. 
At this stage, it would function truly autonomously: a decentralized protocol 
governed by its users. The foundation/team might step back to an equal footing 
with other participants. The value of the network (marketplace GMV, token 
market cap) ideally enters the multi-billion (or trillion) dollar range, commensurate 
with the large chunk of labor market it serves. 

● Milestone 12: Integration of Advanced AI Agents (2030+) – As AI progresses, 
robots will become smarter. The network should integrate with autonomous 
agents (AI algorithms) that can themselves request tasks or optimize task 
allocation. For example, an AI could act as a manager on the network, breaking 
complex jobs into subtasks for multiple robots – all mediated by the token 
economy. This essentially creates a digital workforce marketplace where humans 
might just supervise high-level outcomes. At this point, the line between “robot” 
and “AI agent” may blur; HAN could be rewarding purely software agents for 
certain kinds of work (like an AI that designs a better route for robots – a possible 
extension of PoPW to “Proof-of-Intelligence-Work”). 

● Milestone 13: Policy and Social Impact Integration – Finally, by maturity, we 
anticipate dialogues with governments on how such a crypto network can be part 
of the economic fabric. Perhaps mechanisms where a portion of tokens (or tasks) 
are allocated for public good (like disaster relief robots or infrastructure repair). 
The project, in success, will have shown how decentralization can equitably 
distribute the benefits of robotics (as opposed to a scenario where only a few 
corporations own all robots). The roadmap would include continuing R&D in robot 
ethics, safety, and ensuring that human workers are transitioned into new roles 
(perhaps managing or complementing the robotic workforce). 

https://www.morganstanley.com/insights/articles/humanoid-robot-market-5-trillion-by-2050#:~:text=support,humanoids%20in%20use%20by%202050


This roadmap is ambitious but achievable, backed by the timelines suggested by 
industry leaders. Morgan Stanley expects earnest commercial deployment of 
humanoids in the 2030s[27], and we intend for HAN to be ready slightly ahead of that 
curve, proving the model in the late 2020s. By breaking the journey into phases, we 
reduce execution risk and can iterate based on feedback and technological realities. 
Each milestone provides an opportunity to reassess and refine the approach, always 
with the end vision in mind: a thriving, decentralized network where millions of robots 
seamlessly deliver useful work, and millions of users benefit from that labor through the 
HAN Token economy. 

Conclusion 

Humanoid Network’s Proof-of-Physical-Work Humanoid Network represents a bold 
fusion of frontier technologies – blockchain, artificial intelligence, and robotics – to tackle 
some of the 21st century’s most pressing economic challenges. By anchoring a 
cryptocurrency to physical productive work, we create a system where economic value 
is transparently linked to real-world output. This stands in stark contrast to speculative 
bubbles; here, tokens are earned by building, cleaning, carrying, caring – by doing. 
Such a foundation injects fundamental value into the crypto market and could greatly 
enhance its long-term stability and reputation. 

From a robotics perspective, HAN provides the missing economic layer to accelerate 
adoption. Humanoid robots are exiting their prototype phase and beginning to prove 
themselves in practical roles. Yet, the question remains: how will these robots be 
financed, deployed, and coordinated at scale? Traditional centralized approaches might 
lead to monopolies or slow rollout due to high costs. Our decentralized incentive model, 
however, can bootstrap a global robot workforce by rewarding early contributors and 
allowing market forces to direct robots to where they are needed most (via task price 
signals). In unstructured environments – the very places experiencing labor shortages – 
this flexibility and distributed decision-making is crucial. 

The total addressable market for Humanoid Network is massive, essentially 
converging with the future of the global labor market. High-profile analyses by ARK 
Invest, Morgan Stanley, and others underscore that humanoid robots could become a 
multi-trillion-dollar industry in the coming decades[15][13]. Our network is positioned to 
capture a share of that by being the first mover at the intersection of humanoid robotics 
+ crypto. We have delineated how HAN differs from earlier DePIN projects: by focusing 
on general-purpose humanoid agents and integrating autonomous AI, we open the door 
to monetizing tasks that no other network can address. In doing so, HAN aims to be to 
the robotics economy what Bitcoin was to digital gold or what Ethereum is to 
decentralized finance – a foundational, protocol-driven marketplace. 

For venture capital and investors, the opportunity lies not just in a token, but in enabling 
a paradigm shift in how work is done and compensated. Revenue in this network comes 
from real services rendered (with technology that scales exponentially), and costs are 
primarily those of hardware and energy (which tend to fall over time with innovation). 
This suggests attractive unit economics once initial hurdles are overcome. Moreover, by 
holding HAN Tokens or investing in the ecosystem, one is effectively investing in the 

https://roboticsandautomationnews.com/2025/05/02/humanoid-robots-could-unlock-3-trillion-us-market-says-morgan-stanley/90261/#:~:text=While%20the%20path%20to%20mass,humanoid%20robots%2C%20the%20report%20estimates
https://www.morganstanley.com/insights/articles/humanoid-robot-market-5-trillion-by-2050#:~:text=,to%20develop%20the%20humanoids%20market
https://www.ark-invest.com/articles/analyst-research/how-ark-is-thinking-about-humanoid-robotics#:~:text=While%20Musk%20is%20envisioning%20humanoid,ARK%E2%80%99s%20research%2C%20as%20shown%20below


growth of robot labor productivity worldwide – a value proposition that could outlast 
many of today’s traditional industries. The constructive long-term outlook for the crypto 
market is reinforced when projects are tied to fundamental productivity enhancements; 
HAN is exactly such a project, potentially driving a next wave of crypto adoption 
grounded in everyday economic activity. 

In conclusion, Humanoid Network (PoPW Humanoid Network) offers a vision of a future 
where autonomous robots and humans collaborate through decentralized 
markets, where work finds the right worker (be it human or machine) efficiently, and 
where the benefits of AI and automation are widely shared via crypto-economic 
mechanisms. It is a future where a factory robot’s effort in one continent, a service 
droid’s help in another, and an AI agent’s optimization in the cloud all contribute to a 
common token economy that rewards them and provides value to businesses and 
consumers globally. By executing on the technical architecture, economic model, and 
roadmap detailed in this paper, we will take significant steps toward realizing that future. 

Humanoid Network invites engineers, entrepreneurs, policymakers, and investors to join 
in building this humanoid network – aligning technology with economic incentives to 
create sustainable growth. Together, we can ensure that as robots rise to meet the 
world’s work, they do so not as competitors, but as part of a collaborative network 
economy that benefits all. With robust design and community governance, the PoPW 
Humanoid Network can become a cornerstone of the crypto and AI-powered society 
that is now emerging, demonstrating the positive-sum synergy of blockchain and 
robotics in the coming era. 
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