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Foreword by Jamie Burke, CEO of Outlier Ventures 

Why we believe blockchains are foundational to Convergence 

At Outlier Ventures we believe blockchain technologies, including distributed ledgers & 
smart contracts, are the mega-trend that allow all other macro-trends to scale securely, 
converge and combine. They represent the next phase of The Web, Web 3.0 or ‘The Trust 
Web / Internet of Ownership’, and will transform how technologies interact with one 
another and the World around them. 

Combined they enable a new more decentralised and automated Web infrastructure that 
brings with it previously impossible economic models. At their core, they represent a 
fundamental shift from centralized & human-mediated systems to trustless decentralized 
and autonomous networks. They enable a truer peer-to-peer environment where not only 
individuals but also autonomous machines and agents, such as DAOs, can transact as well as 
share information and resources securely without the need for a broker of trust. 

This will see large parts of our economies automated, removing many market intermediaries 
and improving efficiencies and liquidity. Furthermore, it provides an infrastructure for other 
emergent trends like; IoT, 3D Printing, Autonomous Robotics (drones) to scale securely 
through something we term ‘convergence’. 

More specifically, we believe there are a handful of emerging technologies that hold the 
most promise for blockchain-enabled convergence in the mid to long-term. These are 
artificial intelligence (AI), The Internet of Things (IoT), Autonomous Robotics (Drones & 
Autonomous Vehicles), Virtual Reality (VR) and Augmented Reality (AR), and 3D Printing. 

It is the ability of blockchains and other distributed technologies to enable automated and 
intelligent M2M (machine-to-machine) networks that could transform design & 
manufacturing, distribution & logistics as well as retail & commerce. This will impact almost 
every supply chain from health to construction and manufacturing. Once you can ensure the 
integrity and provenance of digital assets, in some cases tie them to physical assets and 
allow them to be traded, either sold or leased, without people I believe you will see an 
exponential explosion of innovation that will bring greater liquidity and efficiency to global 
markets and cross-border trade.  

It’s this future scenario we want to explore in this white paper with experts from around the 
world and across the various disciplines. We want to understand where is the greatest 
likelihood and opportunity for convergence and what are its barriers to it coming of age be 
it commercial, technical or political. We want to help specialists break out of their silos and 
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begin to work laterally in exploring this space. This white paper will form the beginning 
framework for a series of ongoing events committed to supporting a community aligned to 
the idea of convergence. Join us on this journey at www.convergence.vc. 
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Introduction - Blockchain-Enabled Convergence 

Humans often use the past as a guide for the future; this mistake often makes it impossible 
to adapt to our rapidly changing world. Technological progress is not linear, it’s exponential 
in nature, making it much harder to grasp. This means we constantly underestimate the 
pace of change and as software eats more industries, improvements compound as 
traditionally human-centric industries like healthcare, logistics and agriculture digitise. As 
these industries come online and capture, process and automate data; ownership of this 
data will define the state, market and nation over the next half a century. Blockchains are 
therefore one of the most significant technological innovations since The Internet and 
fundamental to Web 3.0. Blockchains, distributed ledgers, smart contracts and other 
decentralisation innovations provide the foundation for a scalable and secure data and asset 
management layer for the new Web 3.0. It acts as a platform to support individual rights 
while benefiting from the aggregation of vast amounts of data from the Internet of Things. 
They also ensure the benefits of artificial intelligence are shared broadly across society and 
do not aggregate to a few AI owners, or the 0.00001% of the population. The Internet of 
Things, artificial intelligence, autonomous robotics, 3D printing, as well as virtual & 
augmented reality are converging in new and exciting ways. Blockchains will become the 
decentralised data and asset management layer that links the data and value from these 
technologies, ushering in the era of blockchain-enabled convergence.  
 
Convergence is not a process that will happen immediately, nor be a simple and linear 
progression. Trends will combine at different speeds based on technical limitations, political 
and social barriers, as well as commercial considerations. The market dynamics will vary with 
industrial manufacturers and telecommunications providers leading the charge in the 
Internet of Things, while consumer Internet companies like Google and Facebook innovate in 
artificial intelligence. It is important to grasp the nuances of each market, but in doing so, 
it’s easy to miss broader macro-trends. The development of blockchains is a good example, 
as exceptionally talented developers push the boundaries of cryptography with zero-
knowledge proofs and smart contracts but fail to see the implications on broader 
governance structures and political philosophies. These are the kind of things we have been 
trying to figure out since the dawn of civilization. It is just as important with technological 
progress to study Plato and Hume as it is to study Von Neumann and Shannon.  
 
As the rate of change increases, it is critical to understand these technology trends as part 
of a wider collective rather than as separate developments. Blockchain-enabled 
convergence is our attempt to capture this wide collective. The first part of this white paper 
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explores blockchains, artificial intelligence, the Internet of Things, autonomous robotics, 3D 
printing, and virtual & augmented reality to understand the drivers and barriers to adoption. 
Part two investigates how blockchain-enabled convergence changes the trade value chain 
from manufacturing and design through logistics and distribution to retail and commerce, 
and even more profoundly changing the very governance structure of the organisation. 
 

Five Key Themes  

The white paper explores an extremely broad range of technologies and markets, yet 
despite this breadth, we found five key themes that kept coming up time and time again. 
These themes are not technological in nature but rather trends that will reshape markets, 
society and excitingly, the relationship between humans and machines.  

1. Web 3.0 - The Global Trust Network 
 

Web 3.0 underpinned by blockchains and decentralized technologies provide global trust. 
The core design of The Internet was to enable easier sharing of information. The core design 
of Bitcoin, and other open permissionless blockchains is a network of trust for exchanging 
value and asset ownership. Web 3.0 provides trust and chain-of-ownership; the missing link 
with the existing Internet infrastructure. 

2. The ‘Real’ Sharing Economy 
 

New digital intermediaries have sprung up so individuals can ‘share’ unproductive assets; 
spare rooms on Airbnb, spare seats on Uber and spare time on TaskRabbit. These ‘sharing 
economy’ companies are nothing more than a new middleman sitting between a buyer and 
seller capturing outsized value. Blockchain-enabled convergence allows the seamless peer-
to-peer exchange of assets and value reducing the need for trust brokers in the middle of a 
market extracting economic rent.  

3. The Killer Business Model: The Decentralized Data Marketplace 
 

A blockchain-based data marketplace helps solve two major problems in artificial 
intelligence today, the access to data for those that need it, and monetizing unused data for 
those that have it. A decentralized data marketplace creates an economic mechanism for 
individuals and organisations to buy and sell data, reducing the incentive to hoard valuable 
unused data and remunerating the creators of data not just the processors. 
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4. The Commoditization of Logistics & Production  
 

Blockchain-enabled convergence transforms the trade value chain. Autonomous robotics, AI, 
IoT and blockchains will digitize logistics and distribution reducing its importance and 
therefore the ability for companies at this point in the value chain to capture profit. 
Producers can capture more of the value they create and consumers can pay less. In the 
long-term, technical deflation will hit the knee of the exponential curve as much of 
production gets commoditized by 3D printing, and virtual and augmented reality make it 
cheap to design and print products at home.  

5. The Rise of the Decentralised Organisation 
 

The global multinational corporation that developed to coordinate global trade is under 
threat as the dominant form of governance structure. New decentralised processes for 
business financing with Initial Coin Offerings (ICOs), incorporation, voting, payments and 
talent and project coordination are enabling start-ups to choose processes that are suitable 
for smaller, more agile start-ups rather than using an expensive corporate structure 
designed for large companies. 
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Part 1 - Technology Convergence 

Blockchains - Web 3.0 Data & Asset Management Layer 

 
 
The most important building block in the blockchain-enabled convergence framework are, 
unsurprisingly, blockchains. Blockchains are ideal as a shared database in which every user 
can read everything, but no single user has control over who can write what. This allows for 
the disintermediation of third-party trust brokers in networks, their monopoly rents and an 
increasing level of transparency and efficiency. 
 
We use the term ‘blockchains’ loosely in an attempt not to limit developments to the 
permissionless Bitcoin and Ethereum blockchains or any permissioned blockchain. This 
arguably extends and augments the term ‘blockchain’ beyond its current implementations, 
but on balance, this is a useful proxy for broader cryptographic, distributed, consensus-
driven technologies. Blockchain-enabled convergence as a process is agnostic to the specific 
blockchain implementation, and we anticipate hundreds, if not thousands of production 
blockchains in the future. Each configured specifically to meet the needs of the user 
regarding throughput, privacy, immutability, speed, and decentralisation. These networks 
may or may not even be called blockchains. Depending on the configuration, they may be 
called distributed ledgers, mutually distributed ledgers, or we may not even refer to the 
technology, and they will simply be a part of the Web 3.0 stack, in much the same way 
people are not aware they are using the SMTP protocol when sending email or using SSL 
when doing online banking. 
 
Blockchains are far more than a technical solution to solve the problem of double-spend in 
digital cash; they change the balance of power in networks, markets and even the 
relationship between the individual and state, all characteristics of Web 3.0. They offer an 
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alternative to the client-server architecture that is the de-facto standard on the web in its 
current form, in which data is collected from the client, the user, and owned by the server, 
the company. This client-server model is unsuited to the needs of an Internet of Things 
environment with higher security requirements, an exponential growth in number of 
devices, greater throughput for M2M (machine-to-machine) communication, M2M payment 
channels, and the need to protect increasingly personal data.  
 

“As our world becomes increasingly digital and distributed we need technology that 
can scale while providing the necessary security, trust and accountability. We believe 
blockchain is that technology.” 

PWC 

 
As we speed towards the future we must know our history. Every new network technology 
from the telephone, radio, the television and The Internet promised to ‘change the world’. 
Promising a break from the past and a new decentralised way to communicate and interact. 
However, we find that in almost all cases, this revolutionary fervour is replaced with 
pragmatic professionals fitting the new technology to existing structures and the world as it 
is, not how revolutionaries wish it to be. The Internet itself is a decentralised permissionless 
network that managed to remain open-source through the selflessness of its creators and 
believers. We find, however, even in a completely decentralised network, access and data 
collection have become centralised. For millions of people in emerging nations, Facebook is 
The Internet. Centralisation was not the result of corporations with nefarious motives, 
rather it was the result of commercial dynamics like network effects and economies of scale 
as well as venture capital financing models. If blockchains are to become the data and asset 
management layer for the Web 3.0, new business models that reduce the commercial need 
to centralise are required just as much as technical innovations. 
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Artificial Intelligence - Data Ownership & Value Exchange 

 
 
Recent developments in artificial intelligence, intelligence displayed by a machine, have 
been under-appreciated due to a lack of clarity in definitions and a lack of understanding of 
the field of machine learning. The focus on artificial general intelligence (AGI), a type of AI 
that is superior to humans in every domain and has the ability to transfer learning from one 
domain to another, has meant that progress in artificial narrow intelligence (ANI), has been 
relatively ignored. ANI is AI that surpasses human ability in a particular domain like chess, 
searching the web or facial recognition. The lack of clarity around definitions and the fact 
the terms machine learning, deep learning, neural networks, predictive analytics, big data 
analytics and artificial intelligence are used interchangeably leads to widespread confusion. 
Any company that has a data science team with a product that analyses data has rebranded 
as an AI company. Developments in AI algorithms are often hard to explain, and because the 
word has been misused over the years, the public associates AI with a human-shaped robot 
and underestimates the importance of incremental progress in the field. This can be seen 
with the relatively rapid improvements in speech recognition systems. In 1995, state-of-the-
art systems achieved a 43 percent word error rate, today, a deep neural network by 
Microsoft achieved a 6.3 percent word error rate. In terms of usability these systems in have 
gone from pretty much useless to human level.  
 
Artificial intelligence has been improving software and services for a long time now, often 
going by the name of machine learning. Google search, Amazon recommendations and SIRI 
requests all use different flavours of machine learning. As soon as an algorithm is successful, 
it is no longer AI, it is just called software. AI is a moving target and often is best described as 
something machines cannot do but humans can. For example, before IBM Deep Blue beat 
Garry Kasparov at Chess in 1989, chess was seen as such a complex game that no machine 
could possibly beat human intelligence. The ancient Chinese game of Go was seen as almost 
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impossible for a machine to beat a human because of the sheer number of potential moves 
on the board. In 2015, DeepMind’s AlphaGo beat Lee Sedol, one of the best Go players in the 
world. AlphaGo used a combination of a Monte Carlo Tree Search, deep learning and 
specialised hardware.  
 
Deep learning is driving much of the progress in the last few years, predominately due to big 
data, faster and cheaper computers and parallel computing with graphical processing units 
(GPUs). Vast amounts of data are being collected and stored at ever decreasing costs 
providing a wealth of training data for training for AI algorithms. Combined with cloud 
computing and Moore’s Law, big data can be processed cheaper and faster than ever in the 
cloud using GPUs and application specific integrated circuits (ASICs). These three trends 
have provided a cheap and flexible innovation platform for developers to experiment with 
deep learning making progress in a range of problems. Google, Facebook and Amazon have 
become multi-billion dollar businesses on the back of using AI as a competitive advantage in 
search, social and retail. These same AI techniques are now cheap enough and pervasive 
enough that they can be applied everywhere. IBM, Google and Microsoft offer these 
techniques through the cloud as ML-as-a-service (ML-aaS). Google, Facebook, Baidu and any 
other AI company worth its salt are open-sourcing their AI frameworks and datasets. While 
start-ups like Bonsai are attempting to build higher level programming tools to further 
democratise AI tools so a PhD in Machine Learning is not required to build a neural network.  
 

“Hardware is the least of our worries. Having high quality open datasets in areas that 
matter is a vastly more important issue"  
 
Francois Chollet, Deep Learning, Google  

 
As AI is applied across every industry, the thirst for data will increase. Data is the way 
machine learning models learn, and they are hungry for it, especially deep learning 
algorithms. There is a reason why Google and Facebook are free, and Amazon is driving the 
cost of hardware to zero. AI companies need data and they see all hardware as an end-point 
for AI data collection. Right now, the most valuable end-point is the smartphone, but as 
connected devices proliferate and we interact with them in new ways like voice with 
Amazon’s Alexa, data becomes ever more insightful and valuable to advertisers and retailers. 
There is no malevolent motivation to collect personal data like electronic health records or 
sleeping data from mattresses; it’s just more data equals better AI. This is where blockchains 
come in. As AIs need more and more data, blockchains could provide the single largest 
repository of open-source validated records, and as more digital assets are stored and 
traded, this will include land registries, property records, tickets, and anything physical or 
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digital that has value. Blockchains, at least permissionless blockchains, reduce the cost of 
entry into the AI space allowing start-ups to have access to vast amounts of data instantly.  

 
“Two key problems limiting the reach and impact of machine learning today are 
difficulty acquiring quality training data and the amount of data with latent value 
that remains siloed and wasted. Both of these problems can be alleviated with a more 
robust data sharing mechanism that encourages researchers to share data either 
through an open-source license or through a data marketplace. With a blockchain-
type network researchers and institutions could share data and be rewarded, 
financially or reputationally, using new learning-value-based credit assignment 
strategies.” 
 
David Klein, Deep Learning Consultant  

 
Moreover, the structure of blockchains can allow for individuals to own their data and sell or 
rent access to this data to AI services in a marketplace. Instead of providing data for free to 
companies, individuals can get paid. This same data marketplace can be extended to non-
profit organisations, university labs and other non-commercial actors that have no way to 
earn money from the data they have or discard. A neuroscience lab collects vast amounts of 
data that it hoards for competitive purposes, despite the fact it is no longer using the data 
or only using it for a very specific experiment. A blockchain-based data marketplace 
provides a way to share and monetize data that would otherwise be wasted or given away 
for free. New business models can be created so that data providers can rent their data for a 
specific experiment, or time period, or even based on outcomes.  
 
There is a strong argument that the existential threat to companies that use AI such as 
Google, Facebook, Baidu and Amazon, is not some new start-up that they need to buy, or 
each other. Rather, it is a fundamental shift in users valuing their data; self-sovereign data 
ownership. The majority of consumers may not care about privacy if the benefits of AI 
include early diagnosis of disease or personalised learning courses. But they do care about 
money, and the commercial model is what will drive blockchain-based AI and data 
marketplaces.  
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Autonomous Robotics - Behaviour Incentivisation 

 
 
We define autonomous robots as machines that are the mechanical manifestation of 
artificial intelligence. Autonomous robotics are different from other types of robots already 
in production like manufacturing robots or the Roomba, the vacuum-cleaning robot, 
because they use machine learning techniques to make decisions without needing to be pre-
programmed. Existing robots lack advanced sensorimotor skills and the ability to navigate 
safely in the real-world. They are therefore typically static and focus on single tasks. Deep 
learning and reinforcement learning are being applied to computer vision and natural 
language processing problems enabling robots to learn from experience. The 2016 Amazon 
Picking Challenge, in which entrants use robotic arms to pick up objects, saw a jump in 
accuracy of these robotic arms edging ever closer to a fully autonomous warehouse 
automation system. These sorts of advances are making it possible for robots to join humans 
on the road (autonomous vehicles), navigate the sky (drones), and move around with us on 
the streets and in shops (retail robots).  
 

“A blockchain can be a shared control layer for a group of robots. Swarms of robots 
will revolutionize many applications (e.g., from targeted material delivery to 
precision farming). However, if we want these groups of robots to be more flexible 
and autonomous (e.g., with the ability to coordinate actions and decisions), they will 
need to reach quorums and agreements as a group. This will be the convergence of 
robotics and blockchains.” 
 
Eduardo Castelló Ferrer, Postdoctoral Associate, MIT Media Lab 

 
Each of these robots will have very different adoption curves based on commercial viability 
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and regulatory approval. Barriers today are less technical than they are political. Technical 
improvements will certainly occur in material sciences such as commercially-viable graphene 
and carbon nanotubes, nano-solar cell coatings, and electronic fabrics that will allow robots 
to be self-powering, flexible, and, in some instances, self-healing. MIT’s Computer Science 
and Artificial Intelligence Laboratory (CSAIL) have developed printable “programmable 
viscoelastic material” which allows the user to adjust every part of a 3D printed material to a 
specific level of elasticity depending on the use. More flexible skin will be combined with 
improvements in elastic actuators to allow for smoother and more precise robotic 
movements. Other technical hurdles such as battery life in drones doesn’t appear to be 
insurmountable as AeroVironment have recently showcased a drone that can fly all day using 
thin solar cells. The biggest restraints, especially for autonomous drones and vehicles are 
not technical, they are political. The autonomous vehicle and drone industry appears to be 
moving much faster than had been expected, led by Tesla, Google and Uber with cars and 
Amazon, Matternet and Flirtey with drones. Predictions of when autonomous vehicles will be 
regular sights continue to be revised downwards, the latest predictions from the industry 
suggests less than 5 years. 
 

“Autonomous vehicle fleets will quickly become widespread and will account for the 
majority of Lyft rides within 5 years.”  

John Zimmer, Co-Founder Lyft 

 
The global transportation market is in the trillions, an order of magnitude greater than the 
billions earned by technology giants in advertising, this is not to include the broader 
logistics market for which Amazon has set its sights on. The profits on offer from 
transportation and logistics has led to an unprecedented amount of money pouring into 
machine vision and other AI start-ups in order to get-to-market first and collect more 
training data. Lobbying efforts and national-level FOMO (fear of missing out) will ensure 
regulation does not slow down innovation in the autonomous robotics space. 
 
The benefits of blockchains or more specifically M2M transactions will be vital in the 
robotics space. As drones and vehicles turn autonomous, they will need a way to share and 
transact data and importantly, in networks, to coordinate decisions. Today advanced robots 
are controlled and coordinated by 5 or so people. Blockchains provide a way to achieve 
group consensus more effectively. For example, how will a group of swarm painting robots 
decide that they have finished painting one house and should move on to the next? A vote 
could take place so that a collective decision can be make. A blockchain with tokens as a 
reward could be used as an incentivisation system in which autonomous robots earn and 
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spend value tokens stored in a wallet. Tokens can be obtained by making a delivery and 
spent through charging or maintenance. Assuming some level of ownership, individuals 
could allow their vehicles, drones or household robots to go out and earn money while 
unused by the owner. Unspent tokens could be taken as taxation by governments to 
maintain the infrastructure, or progressive policymakers may even consider taxing unused 
tokens and redistributing to human drivers whose labour has been made redundant.  
 
Networks will start small, an autonomous home network interacting with other blockchain-
based networks like energy grids and transportation infrastructure. As they grow they will 
ultimately scale to combine with a full smart city solution. Each M2M network will develop at 
different speeds depending on market factors, expect smart grids to take much longer than 
transportation infrastructure for example. The big challenge will be in integrating all of 
these networks together in an interoperable system that benefits society broadly rather 
than a network owner using proprietary code. Blockchains as the standard open-source data 
and asset management layer for these networks allows autonomous robotic systems to 
develop without suffering from the curse of fragmentation. There is tremendous 
opportunity for the Open Source Robotics Foundation to utilise blockchain functionality for 
the Robotic Operating System (ROS) and allow developers to begin experimenting with new 
incentivisation mechanisms in autonomous networks. 
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The Internet of Things - Building the M2M Economy 

 
 
The Internet of Things, as with the other trends in this paper, is challenging to define. 
Almost any object with a sensor and an IP address can be considered part of the IoT. Such as 
broad definition encompasses everything from smartphones to drones to connected cars to 
smart home appliances. The IoT just like The Internet will consist of numerous large and 
small networks including body area networks, connected home networks all the way to 
smart city networks. It has been estimated that the IoT will consist of almost 50 billion 
objects by 2020, all of which will be receiving and transmitting vast amounts of data. Light 
bulbs, thermostats, shoes, and shop windows; if it’s connected, the data will be valuable. 
Service providers will use the data to integrate with other datasets such as browsing history, 
app permissions, location, and camera roll providing personalised services and tailored ads. It 
is interesting to consider that as the data becomes more valuable to service providers in the 
Web 3.0 ecosystem, the hardware that collects the data becomes less valuable. This could 
lead to the commoditization of hardware in the home and a shift from consumer up-front 
spending to running costs. Instead of selling light bulbs, Phillips could sell lighting-as-a-
service with a monthly subscription cost, Samsung could see washing-as-a-service giving 
away a free washing machine in order to collect all washing data that it can sell to P&G or 
Amazon offering real-time washing behaviours.  
 
The business and societal implications of this product-to-service shift for businesses and 
ownership-to-access shift for consumers are enormous. Businesses will need to accelerate 
their move from product organisations to service organisations, while individuals will be able 
to afford more expensive goods as spending moves to monthly repayments. The trade-off 
for affording more stuff will be giving away more data. The combination of all of these 
datasets will give insights into our health, interests and desires that will enable individually 
personalised products, services and advertisements. As we quantify the physical world, data 
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ownership will become the single most important issue for individuals, companies, and 
governments. How governments around the world respond will be guided by history and 
culture, there is unlikely to be a global consensus on data ownership. As long as the Chinese 
economy continues to grow it is unlikely citizens will be demanding data rights, but Germans 
are all too aware of the abuses of power that can occur when governments limit individual 
freedoms.  
 
The most likely scenario is that trust becomes the core competitive advantage for all 
companies. They will compete to prove that they are the best custodians of user data. 
Apple’s focus on privacy and stand against the FBI should be seen through this lens. It is in 
Apple’s interest to maintain user trust and protecting privacy is a solid strategy. It is unlikely 
that individuals will wake up collectively one day and say they no longer want to share their 
data. The majority of the population will share almost all their data with trusted service 
providers as long as the value created is perceived as greater than the cost of sharing the 
data. Individuals will be comfortable sharing their DNA with trusted third-parties if a 
heightened risk of a particular type of cancer is identified. They may be happy to share their 
connected home data if it results in lower energy bills. The challenge is that there is little 
alternative for those who do not want to share all their data. In the next few years as sensors 
are embedded in lights, cars, clothing, it will become harder and harder to opt-out of the 
world where all data that can be collected, is collected. As companies compete to become a 
trusted service, this will consequently lead to a better understanding of the value of 
personal data. As Apple position themselves to protect user privacy, they will also attack 
Google and Facebook for their data-hungry advertising business model. As the public begin 
to ask ‘who can I trust with my data?’ Blockchain-based IoT solutions and services will find a 
market ready to listen to alternatives. A value proposition offering individuals the ability to 
own their data will be compelling, but the real hook will be integrated data monetisation for 
which blockchains are uniquely suited.  
 

"Our assumption is that these M2M economies will be orchestrated as transactions 
on the blockchain. And the prerequisite to be part of the machine-to-machine 
economy is to have an integrated IoT and blockchain strategy and a footprint in both, 
IoT and blockchain space." 
 
Carsten Stöcker, Innovation Programme Management, RWE  

 
There are already blockchain-based Internet of Things platforms such as Filament and the 
ADEPT proof-of-concept from IBM and Samsung that use blockchain-like features in a 
broader decentralised IoT stack. Decentralised architecture improves the security, privacy, 



 
 

17 

and resilience of a network, but more importantly provides a platform for value and asset 
exchange. With integrated contracts, escrows, receipts and other necessary transaction 
features, for the first time, we have the technology for a machine-to-machine (M2M) 
transaction. Filament and ADEPT use slightly different decentralisation technologies, but 
broadly the aim of these systems is the same, to securely scale the Internet of Things and 
enable an M2M economy. Whether the value proposition is increased privacy, or better 
security, or a new way to earn money from data, the Internet of Things and blockchains are a 
match made in heaven. In fact, it is unlikely that IoT solutions can achieve mass market 
adoption without blockchains.  
 

“The amount of devices on the network and the interconnections between them are 
increasing exponentially, we don’t have adequate infrastructure to manage this new 
data. The obvious logical answer is smart contracts to automate and verify the 
transactions between them."  
 
Anish Mohammed, Adviser Ripple Labs & Lead Security Architect, Lloyds Banking 
Group 
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3D Printing – Building a Design Distribution Network 

 
 
3D printing, also known as additive manufacturing (AM), is a technology that is used for 
producing finished products in a layer-upon-layer method with the use of diverse materials. 
Currently, printing is limited to plastics and a few other materials, but future advancements 
will see printers able to print multiple materials including metals and woods. With the 
introduction of adaptive materials, 3D printing will turn into 4D printing. 4D printing is still 
experimental, but Skylar Tibbits of MIT’s self-assembly lab has shown it is possible to 
program 3D materials to self-assemble into predetermined structures and shapes. Stratasys 
are working with MIT to bring 4D printing closer to commercialisation. This technology has 
the potential to reinvent manufacturing by reducing the demand for energy and allowing 
materials to respond to their environment (e.g. an aeroplane wing changing shape based on 
turbulence).  
 
3D printing has been on the cusp of reinventing manufacturing for the last five years but has 
yet to go mainstream. Use cases and possibilities have far exceeded commercial viability, 
with the market now bifurcated into industrial 3D printing, which is booming, and consumer 
3D printing which has seen slowing growth. When it comes to consumer 3D printing, while 
the cost of the machine is falling, materials are still as expensive as ever. The bigger the item 
and the number of materials needed, the greater the cost, limiting use to small and single 
material items; which are not that useful. The process is still relatively complicated with the 
user having to understand and use CAD files, scanning software and handling a variety of 
new materials. It is certainly not plug-and-play like a traditional printer is today. Despite the 
complexity, 3D printing is booming in industries that require rapid prototyping with low 
production runs like aerospace, healthcare and fashion. In September, General Electric 
announced it would acquire SLM Solutions Group and Arcam for a combined $1.4 billion, 
marking the biggest endorsement of 3D printing to date. Others companies like Local 
Motors, rather than worrying about commercial viability are pushing the envelope by 3D-
printing an autonomous car with a semi-autonomous drone that sits on the top. Of course, 
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this is just a concept car but it does hint at the exciting possibility of 3D printing speeding 
up production runs for entire products from cars, all the way up to houses as with Huashang 
Tengda in China. We take the view that 3D printing will co-exist with traditional 
manufacturing processes until material costs are reduced, print speeds are increased, and 
multi-material printers can be economically commercialised.  
 

“There is a requirement for a market solution to incentivise designers to create, 
publish and license product design for 3D printing. Blockchains as a design 
distribution network would enable designers to build a direct to consumer business 
base and develop new revenue streams off of design assets they are in control of”  

Maxine Horn, Founder Creative Barcode 

 
Before 3D printing can achieve mainstream success, there is another and critical hurdle to 
overcome; copyright. Even if printers and materials become cheap, ubiquity cannot be 
achieved without a secure content distribution platform for 3D designs. For manufacturers 
this isn’t a problem, they have designers on the payroll and all files exist inside the company. 
The challenge comes in the consumer space when artists want to sell their prints for buyers 
to print at home or at a local hub. The Internet is a replication machine; software can be 
copied an infinite amount for almost zero marginal cost. Digital media that lends itself to 
digitisation such as film, music and books have attempted to fight this replication using a 
variety of techniques including DRM and other anti-piracy technologies, but prevention has 
been ineffective at best. 3D printing brings this replication machine to the physical world 
and the associated challenges of monetisation for creators. Enter blockchain. An end-to-end 
blockchain-based 3D printing design distribution network from CAD file to printer will 
provide chain-of-ownership for designs with in-built monetisation. Creators can publish their 
designs into a marketplace safe in the knowledge that they will be remunerated. It even 
offers the possibility of creating digital scarcity by creating exclusives, and  of the creator 
continuing earning royalties from the secondary market as designs are resold. For consumer 
3D printing and then subsequently 4D printing to take off, a blockchain-based distribution 
network would need to be at the heart of any solution.    
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Augmented & Virtual Reality - Designing A Virtual Open Economy 

 
 
Augmented reality (AR) and virtual reality (VR) are technologies that create digitally-
enhanced or digitally-simulated environments and have the potential to transform the 
entertainment and gaming industries to start. In the medium to long term the impact will be 
felt across all industries especially retail, healthcare, and manufacturing. Despite the fact 
that both technologies attempt to reshape our reality, the technologies are in fact very 
different, and adoption and interaction will vary. AR creates a digital visual overlay to reality. 
This produces a platform for a variety of use cases that revolve around the augmentation of 
human senses by digital sensor data. VR involves the total synthesis of a digital environment, 
filling the visual field. This has a significantly higher technological requirement with use-
cases that focus on media consumption designed to immerse users into virtualized worlds 
either completely created or digital representations of real-world locations. Simply put, AR 
can make humans more present in their environment and brings humans closer to our world; 
VR takes them completely out of the physical environment and will take humans farther 
away from the physical world.  
 

“VR vs. AR cheat sheet: VR can take you anywhere. AR can bring anything to you. Both 
are important. Neither will ‘win’” 
 
Clay Bavor, VP Virtual Reality, Google 

 
 
Augmented reality will use either a heads-up-display or just the smartphone camera as the 
input giving applications instant content from the real world. The meteoric growth of 
Pokémon Go, over 500 million downloads since July, proves AR apps have a market, it’s just a 
question of good quality gameplay now. Developers do not have to create a digital 
environment for users in advance which makes content the bottleneck for VR. AR 
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development is still complex but GPS and a camera sensor allows for basic AR applications. 
Layering on intelligence via machine vision will allow for more advanced applications. Both 
AR and VR will require more immersive displays to truly blur reality, but improvements are 
coming. It is expected that in less than 5 years’ panel resolution will be 4k by 4k, pixel 
density will double, field of view will increase from 90 degrees to 140 degrees and depth of 
focus will be variable rather than fixed at 2m as it is today. AR is likely to see a faster 
adoption curve because it is a more natural user interface for computing than touch or 
mouse-and-keyboard. AR using a heads-up-display through glasses is the most natural 
computing UI we have so far created, even more so than voice. VR could arguably have a 
much greater impact on society in the long-run as a full virtual world is created and humans 
spend their time working and socialising in a virtual world rather than the physical world. 
The signing of e-sports star Dragonn by the English Premier League team, West Ham United 
football club in the UK hints at a future where new jobs will be created outside of the ‘real’ 
world. VR storefront assistants or AR home DIY advisors are the sorts of new jobs we should 
expect.  
 
Unlike other emerging technologies like autonomous robotics or artificial intelligence, AR 
and VR face far less regulatory hundles and are less likely to incur the wrath of politicians as 
these technologies will create new jobs rather than destroy them. Additionally, the biggest 
and most powerful companies in the world are working on developing AR and VR products 
including Apple, Microsoft and Google. It is likely therefore that augmented reality will hit 
the market in the next couple of years with virtual reality taking slightly longer due to the 
additional content requirements.  
 

“The Blockchain can be used to distribute content and liberate content producers, 
artists, students, governments and true capitalists from the systemic failures of the 
past and when this new technology is mixed with the emerging mediums of VR 
(Virtual Reality) and AR (Augmented Reality), what we are calling VAR when the two 
are combined.”  

Ethan Gilmore, Co-founder, Varcrypt 

 
AR will become a significant user interface for human-computing interactions. AR will 
combine with voice user interfaces and natural language processing in IoT endpoints like the 
Amazon Echo and wearables like the Apple EarPods. Don’t discount Snap Inc. foray into the 
space with Snapchat glasses either. Snapchat, unlike other technology companies, is cool 
and fashionable. Snap Inc. will be first to the valuable AR real estate of the face and eyes. Its 
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learnings especially around social impact, privacy and fashion will likely make it a leader in 
the AR hardware space.  
 
Within 5-10 years we may access intelligence using just our vision using glasses and voice. As 
the blurring of the physical and digital worlds proceeds it is unlikely that we will use financial 
and payment technology or search tools that were designed for the physical world. The 
financial industry has arguably done well to adapt to online payments, but the industry is 
still using hierarchical databases and mainframes to support critical processes. For payments 
and asset ownership in the virtual world, existing infrastructure is ill-suited. Virtual worlds 
will not be built with borders adhering to antiquated notions of the Westphalian nation-
state. Blockchains will be the foundation of these borderless virtual worlds with instant 
payments for goods that do not exist in the real-world. For a real virtual economy to thrive, 
blockchains will be required to allow for the creation, valuation, protection of IP, ownership, 
and transfer of goods. Ownage, a UK-based start-up are already building a platform to 
distribute and trade digital content, and Varcrypt a US-based company is building a secure 
platform for the buying and selling of AR and VR content. Without blockchains and other 
decentralised architectures, augmented and virtual reality will not fulfil their potential as 
the next era of human-computer interface or enable the virtual economy.  
 

The Virtual Reality dreams of William Gibson, Ernest Cline and Neal Stephenson are no 
longer purely in the realm of fiction. Blockchain technologies represent an 
opportunity to rethink the data and financial infrastructure of the emergent 
economic systems this new borderless technology could represent. Adding 
decentralization and resilience to the mix will help us avoid the dystopian futures in 
favour of the utopian.” 

Vijay Michalik, Analyst, Frost & Sullivan 
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Part 2 - Blockchain-Enabled Convergence Reshaping Trade 

After introducing each of the key technologies that will play a role in blockchain-enabled 
convergence, part two explores how these technologies will converge and shape the future 
of trade and commerce itself, specifically; how products are made (manufacturing and 
design), how they get from the factory to the buyer (logistics and distribution) and the way 
customers buy the products (retailing and commerce). Blockchain-enabled convergence 
actually goes further and deeper than the trade value chain, changing the very nature of 
‘the organisation’ itself and has the potential to ultimately change the relationship between 
humans and work.  
 

Manufacturing & Design 

 
 
Blockchain-enabled convergence is nothing less than the next Industrial Revolution. Before 
the first industrial revolution, manufacturing was generally a rural activity performed by 
skilled artisans and the range of good created was limited. The cost of manufacturing meant 
access was the preserve of the elites. The Industrial Revolution ushered in the age of mass 
production driven by steam power, mechanised cotton spinning and iron making amongst 
other innovations. Vertical integration and reduction of transaction costs was the way to 
run a successful business. The next era of manufacturing reduces the need for vertical 
integration to lower transaction costs, as these costs are reduced through Internet and 
blockchain-based convergence. Trust at scale enabled by blockchains reduces the power of 
large dominant corporations allowing individuals and SMEs to thrive as well as other forms 
of ownership models such as co-operatives.  
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“Distributed ledgers and blockchains enable micro-enterprises to exchange value and 
assets; bypassing the large industrial-scale corporations. These changes represent 
the real sharing economy - with individuals and small businesses having the same 
access to economies of scale as the larger industrial corporations” 

Cathy Mulligan, Co-Director of Imperial College Centre for Cryptocurrency Research 
and Engineering  

 
Distributed manufacturing is the term used to describe a movement and set of technologies 
allowing anybody, anywhere to produce goods at a micro-scale. The vision of distributed 
manufacturing is that one day customers will buy and print their own products much in the 
same way we print our own versions of documents today. This type of manufacturing offers 
near-zero marginal cost of distribution and has the potential to provide close to near-zero 
cost of production depending on the materials. This vision challenges the dominant 
paradigm of mass manufacturing with centralised factories, expensive logistics and 
distribution network and retail outlets. 
 
3D printers, as already discussed, still have a long way to come before they are on 
everybody’s desks at home. But they will still have a huge impact as faster, smaller 3D 
printing facilities can be incorporated as part of the manufacturing mix, allowing 
manufacturers to increase proximity to customers in cities and adapt more flexibly to 
customer demand. The next phase after industrial use will be a hub-and-spoke model in 
which 3D printing facilities will be available to consumers from a central point like a postal 
office for example. 3D Hubs, the online 3D printing service platform, it already building out 
its network of printers, and we expect to see a thriving hub-and-spoke model before 
everybody owns their own 3D printer.  
 
A blockchain-based design platform for enterprise and consumers will make it easy for 
creators to publish their creations to the platform and allow people to buy, sell and remix 
digital designs safe in the knowledge they will receive royalties per print. It’s easy to imagine 
a global 3D print store in the same vein as the Apple App Store, but instead of an 
intermediary like Apple taking a disproportionate cut, a blockchain-based peer-to-peer 
store would look more like OpenBazaar. A blockchain approach avoids the false dichotomy 
between the open-source community and the proprietary manufacturers who want to use a 
3D printing equivalent of DRM. Instead, creators and buyers can trade directly benefiting 
both parties. Such an approach would also enable limited designs and mass designs to be 
published, which would mean a designer could generate significant revenues from exclusives 
while also serving the mass market via an open-source license. In much the same way, 
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fashion houses produce both Haute couture as well as mass market brands. This approach 
would provide an economic incentive for designers while also sharing the benefits of cheap 
goods globally; this will be critical as we are able to 3D print food and pharmaceuticals. The 
design itself could become open to anyone, as visual tools like augmented reality and virtual 
reality allow reduce the expertise and skill required to design products. 
 
3D design and printing will benefit from the development of virtual and augmented reality 
as well as natural language processing, making it incredibly easy for anybody to create 
designs and print products. A 3D printer with a Google or Amazon type AI assistant would be 
able to have a voice conversation suggesting materials to use and help discover new designs. 
It is also easy to imagine 3D designers using the 3D space in virtual reality to create, or 
augmented reality glasses that use machine vision to scan a particular object in real-time, 
allowing the user to manipulate the scan, remix a new design and 3D print the result.  
 
3D printing facilities will also benefit from investment in smart grids and distributed energy 
resources (DER), which will enable energy generation to occur at the edges of the network. 
A 3D printing facility can choose to plug into a national energy grid or alternatively generate 
and use its own energy through solar panels for example and storing this energy using a 
Tesla Powerwall. Without the huge overheads of large manufacturing equipment and the 
flexibility of renewable distributed energy generation and storage, it is likely that 
autonomous vehicles will be loaded with 3D printers that print on the move and further 
reduce delivery time to minutes for high volume, highly personalised products like clothing. 
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Logistics & Distribution 

 

In the final stages of 3D printing, once printers can print multi-material complex products, 
warehousing and logistics will become redundant. This is the existential threat to the retail 
and existing logistics industries predicated on a centralised factory, hub & spoke 
warehousing local shops. Why go to a physical store to collect an item if you can just use 
VR/AR to try it on and print it for yourself at home? Even if it is 20 years before this vision of 
3D printers on everybody’s desk at home becomes a reality, the intermediary step is just as 
disruptive to manufacturing and retail. Autonomous trucks, ships and drones will reduce 
distribution costs from the factory to the warehouse and then the home of the customer. 
Otto, recently acquired by Uber, is hoping to retrofit trucks with its autonomous driving 
technology in the next few years. The cost reductions and safety improvements are likely to 
lead up rapid and widespread adoption of autonomous trucks for long journeys.  
 
The warehouse, the middle step between manufacturing and delivery has already undergone 
an automation revolution, with robotics, IoT networks and machine learning all part of a 
modern state-of-the-art warehouse. Ocado, the technology and grocery company, recently 
implemented the world’s most densely packed mobile network to manage over 1000 robots 
for a single base station. This convergence of robotics and IoT is taking us close to a fully 
autonomous warehouse. Amazon acquired Kiva Systems, an autonomous robotic company 
back in 2012 in its second-largest acquisition in its history. Caterpillar and GE have recently 
invested in Clearpath Robotics, a start-up developing a self-driving robotic system for the 
factory floor.  
 

“Unlike city streets, a factory floor is a controlled environment, which makes it an 
ideal place to introduce self-driving vehicles at scale”  
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Matt Rendall, Clearpath CEO & Founder  

 
When drones and autonomous delivery trucks are legal on the roads and in the skies, these 
warehouses will combine with delivery systems to further automate logistics and delivery 
networks. Transnational logistics and supply chains will become more efficient, even by 
simple removal of paper from the process. Even with a long-term vision of an autonomous 
logistics network, the short-term problems of the bill of lading and freight invoices paper 
documents still need fixing. Blockchain-based start-ups Fluent, Skuchain and Wave are all 
looking to solve different elements of the supply chain, but paperless processes with full 
visibility and tracking will help lay the foundations for automated processes like smart 
contracts and fully automated warehouses and ports.  
 

 

"Fundamentally, a blockchain is good for helping parties that don't trust each other 
to share data very securely. In a supply chain, you have got these companies that are 
doing business with each other but aren't related and don't really trust each other, 
but that have to exchange goods and money."  

Travis Giggy, Head of International Business, Skuchain 

 
As more learning robots in warehouses and ports are deployed, improvements in machine 
learning will allow new knowledge to be shared across all of robots through the cloud; Tesla 
is already doing this to some extent. There will be improvements in materials, but software 
updates and patches will be quicker as they do not require retrofitting or upgrades. They 
can be pushed out regularly leading to massive aggregate productivity gains and cost 
reductions. A single shared repository of robotic knowledge that is updated regularly will 
see an exponential increase in the tasks robots will be able to learn and perform. Rapyuta 
Robotics, a spin-off from ETH Zurich recently raised $10 million to do this, while DeepMind 
and Google X are combining their deep learning and cloud expertise on their own effort 
called ‘general-purpose skill learning across multiple robots’. This knowledge will act as a 
core differentiator for the big technology companies cloud offerings; with customers 
subscribing to this knowledge base in an as-a-service model. A drone may learn how to land 
on an uneven surface overnight. Robot-to-robot updates and IoT data will need to be 
managed for safety, auditing and ethical purposes. The value of distributed ledgers and 
blockchains for warehousing and logistics would be for deeper tracking across the supply 
chain from factory to the door, which will help identify inefficiencies as well as provide 
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provenance for insurers, trade finance, suppliers, regulators and customers. More exciting is 
the convergence of artificial intelligence and blockchains (discussed in more depth under 
‘Future of the Organisation’), in which reinforcement learning algorithms use tokens on the 
blockchain as rewards for behaviour designers want to encourage like token accumulation or 
speed.  
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Retailing & Commerce 

 
 
Physical retail is on the precipice. Retail as the end-point for a manufacturing supply chain 
could be completely eliminated with advanced 3D printing; this is without nanotechnology. 
Even without the full elimination of physical retail, the pace of change is about to get a lot 
faster with blockchain-enabled convergence. E-commerce is still, surprising, only around 8% 
of total commerce, yet has had a disastrous impact on retailers around the world. Circuit 
City, Radio Shack, Blockbuster, Borders and HMV have all gone bankrupt due primarily due 
The Internet and e-commerce. Travel agents and estate agents, fixtures of city centres 
around the world have struggled to adapt to online competition with lower cost bases. 
However, online competitors are unable to compete with physical stores on a number of key 
areas. One, ensuring clothes are a good fit. Two, helping to make decisions. Three, delivery 
time. Unfortunately for retailers, all three of these advantages are about to be eroded by 
augmented and virtual reality, artificial intelligence and autonomous logistics networks. The 
idea of getting in your car, parking up, walking around a shop and buying products will be 
seriously challenged, and physical retailers that do not adapt are not going to survive.    
 
Fitting and Machine Vision  
 
The most important technological change will be augmented and virtual reality for trying on 
clothes and ‘seeing’ the products to buy. Today, the user experience for buying physical 
goods is limited to pictures of the product which almost certainly limits purchases as 
customers prefer to ‘see’ the product they are buying to make sure it ‘fits’ or actually looks 
like the picture. This user experience is a relic of the pre-Internet age in which catalogues of 
items were presented to every customer and the customer had to choose what they 
wanted. As the installed base for augmented and virtual reality grows, retailers will be 
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required to have a virtual reality storefront or an AR application in the same way that every 
retailer today needs a website. These storefronts and applications will utilise smartphone 
image sensors or other image sensors integrated into mirrors to scan the room to size-up 
furniture or scan the body providing tailored measurements for clothes. 
 

“Virtual reality and augmented reality shopping still isn’t to a point where you 
experience the same sensuality of trying on clothes and seeing how they complement 
the contours of your body”  

Jeremy Bergstein, President The Science Project 

 

The customer will be able to place a new table in the room and see if it fits and how it looks. 
Swipe left to try a different type of wood. Swipe up to change the straight edges to rounded 
edges.  

AR and VR Personalisation 

The items displayed by the retailer can be personalised in the same way Netflix creates 
personalised recommendations. Why in a world of unlimited choice and vast amounts of 
personal data available, should a customer have to look through every product on offer? 
Digital storefronts will be personalised to the customer with everything from the colour of 
the walls, the music being played in the store, and the layout of the store itself personalised 
to the preferences of the individual all optimized to drive a purchase. This opens up a whole 
new field of study for advertisers, personalized advertising that takes into account mood, 
music preferences, design preferences. Should we be swiping through hundreds of 
properties on real estate mobile apps to find a few that we like when we have already 
provided valuable signals through interaction with the app? Virtual house hunting, already 
viable through start-ups such as Matterport, could add functionality that lets buyers walk 
around and upload their own furniture to see how it might look when finished. This level of 
personalisation will only be possible digitally and will lead to a dramatic fall in footfall to 
physical stores. With augmented and virtual reality combined with 3D scanning sensors, e-
commerce will finally provide a better user experience than physical retail.  

This digitally designed space will not simply replicate the physical store as it will not be 
constrained by physical space or ability to hire knowledgeable staff. Retailers and designers 
will need to rethink the assumptions of what a virtual store is for. Today customers often 
browse a store and look for inspiration; this function can be replaced by an artificially 
intelligent shopping assistant. These shopping assistants could be either human or AI, for 
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cheaper stores they might be AI, but high-end luxury outlets might still employ more 
expensive humans to differentiate their brand, or even physical celebrities’ avatars or even 
just voices. Interestingly, just like YouTube and Vine stars of today, it is likely this new 
medium will create virtual-only celebrities. These virtual assistants will be an extension of 
the existing customer service software provided on websites armed with more data, an 
avatar and the ability to converse in speech. The store assistant will have access to your 
purchasing history, your preferences and your aspirations, offering products that you didn’t 
even know you wanted. Ideally, this retailer would ask the user for permission to their 
blockchain data wallet to access this information for a limited time to make the 
recommendations, after which access is revoked. Instead of a security environment in which 
retailers store user details on their own servers and are then hacked, as with the 110 million 
user records that were compromised in the Target hack of 2013, or the 102 million records 
compromised in the Sony hack of 2011. 

"We are going to have digital avatars engaging in virtual worlds in virtual economies 
on our behalf. How will this be possible? How will these avatars engage with one 
another in a safe and secure way in this virtual world economy? The solution is 
encryption and cryptocurrency using distributed ledgers and blockchains that will 
protect identity, intellectual property as well as provide global distribution, 
permanent storage and a medium of exchange. Such a versatile and powerfully 
decentralized technology has never existed in human history." 

Ethan Gilmore, Co-founder Varcrypt  

 
AI & Decision-Making 
 
This shopping assistant is likely to be proactive anticipating our needs rather than just 
responding to our needs. The connected home, for example, will provide a wealth of data 
that will enable shopping to become automated. The Amazon Dash button is an attempt to 
reduce the friction of purchasing for low-value purchases like washing powder, but an AI 
‘house’ assistant can remove the friction completely. Fridges will machine vision will be able 
to anticipate when milk is low and automatically reorder. Shopping AIs may become a sub-
set of AIs or they may just be another task more general assistants can complete. This has 
been the dream for decades, but it is only with blockchains and distributed ledgers that we 
have the technology to enable M2M automated transactions. As described in ‘The Future of 
Manufacturing’, autonomous warehousing and logistics networks will interact with 
connected home networks to reduce delivery time or more usefully provide delivery slots of 
minutes instead of hours.  
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As these personal shopping assistants interact with other networks, the benefits of a shared 
data and value of exchange compounds. To realise the value of all of these interconnecting 
networks there will need to be standardised protocol to communicate and exchange value. 
The value of a blockchain-based IoT network for washing machine reordering might sound 
mundane, but it is a building block. Once the washing machine uses a standard blockchain 
protocol, the value of other devices plugging into the network grows. A logistics network 
that has access to the same data will be more efficient, as would a smart city network. The 
convergence of augmented and virtual reality, artificial intelligence, the Internet of Things, 
autonomous logistics networks will result in e-commerce shifting to d-commerce or 
decentralized commerce. All of the current benefits of physical commerce will be 
undermined by these new technologies, with 3D printing putting an end to physical retail. D-
commerce allows buyers and sellers to connect in a peer-to-peer fashion removing the need 
for a third-party to intermediate to provide trust. 
 
Blockchain-enabled convergence will come to disrupt the whole value chain of commerce 
from manufacturing through logistics and supply chain to retail. Disruptive innovation will 
happen at the product level with these technologies providing a cheaper and more efficient 
solution to problems. But the more transformative disruption is occurring at the 
organisational and business structure level. The corporation itself is being disrupted.  
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The Organisation & Governance 

 

Convergence broadly, and blockchain-enabled convergence specifically will reshape the very 
fundamentals of how business is conducted. In fact, the idea of vertical markets with siloed 
competitors is a relic of the pre-Internet world; this distinction will fade away as technology 
redesigns every industry, business, and function. The organisations that survives will be at 
their heart a data company. BMWs biggest competitor isn’t another auto maker, it’s Google 
and Uber. Hilton Hotels biggest competitor is not Marriott, it’s Airbnb. Decentralised 
organisations will go beyond competing on product to competing on the structure of how 
they organise, as they lay the foundations for more automated organisations called 
artificially intelligent decentralised autonomous organisation (AIDAO) which will challenge 
the relationship between humans and work.  

Decentralised Organisations (DO) and Decentralised Autonomous Organisations (DAO) 
 
At a theoretical level, decentralisation technologies of which blockchains are an element, 
enable open-source collaboration without central co-ordination and the traditionally 
assumed transaction costs associated with external communication and coordination. 
Organisations such as Backfeed and Colony.io are already experimenting with new types of 
governance models that are built with the Internet and blockchains at the heart of the 
design. These models have the potential to be more powerful than Web 2.0 networks like 
Facebook because users are also owners. Users have a financial stake in the network which 
should act as a powerful network effect and increase switching costs.  
  

“Imagine Facebook owned by its users, decentralised transportation networks 
independent of Uber, markets dominated by open-source communities where 
contributors are also shareholders, and where the value created is redistributed both 
fairly and transparently. Imagine the innovative potential of such organisations 
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decoupled from the rigidities of hierarchical structures. For all of this and more 
Backfeed provides the infrastructure for decentralised cooperation.”  

Backfeed 

DAOs are decentralised organising principles that inject more autonomy through the use of 
smart contracts. Regardless of the level of autonomy, decentralised organisations are a type 
of governance model that sit close to the decentralised end of the spectrum, on which 
historically political and business governance has tended toward centralisation because 
decentralisation was too inefficient and expensive to scale. Decentralised decision-making is 
easier and often results in more effective governance at a small scale when individuals are 
known to each other. As the world became ever more connected and trade expanded 
globally, the most efficient governance structure was centralisation. That is no longer the 
case.  
 
Our existing governance and business processes were designed for large corporations in the 
centralised age without the Internet, the ‘sharing’ economy, flexible and distributed 
working and a global workforce. Employees worked in local factories and offices while board 
meetings, contracts, financing and investment, certificates of equity, and legal contracts 
were all completed with a handshake and a signature. The global economy runs on these 
assumptions. All infrastructure is not going to be replaced overnight, but rather new 
decentralised organisational structures will compete with traditional centralised limited 
company structures as the organising principle for new start-ups. Start-ups will choose some 
processes to be decentralised and others in which limited company process are still required 
in order to be legally compliant. Over time legislation will adapt to the new technologies and 
there will less need for older, less flexible and slower corporate processes.  
 
Decentralised organisations in their basic form, not considering more advanced distributed 
autonomous organisations (DAOs), represent true disruptive Christensen style innovation, or 
even perhaps Schumpeter’s creative destruction. Corporations have slowly adapted to the 
Internet and the reduction in communication and distribution costs to enable them to 
become more efficient. But decentralisation technologies allowing for value to be 
transferred seamlessly, will combine with the borderless communication and distribution of 
the Internet enabling decentralised organisations that are faster, more flexible and better 
adapted to the environment. In the survival of the fittest, decentralised organisations can 
outcompete traditional command & control centralised structures. This isn’t the innovator's 
dilemma, centralised companies cannot have a reorganisation to become decentralised and 
avoid disruption. Every function in an organisation could likely be replicated on blockchains 
from financing, project management, talent & resource management and decision-making & 
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voting. Decentralised start-ups will be able to utilise the best talent wherever they are in the 
world, and remunerate individuals at a granular level based on value creation rather than an 
outdated time-based model. The best talent globally can combine fluidly to solve time-
sensitive and specific challenges, redefining what it means to be an employed.  
 
The separation between shareholders, management and labour is a function of the old world 
in which industries such as oil, telecommunications and transport were capital-intensive 
requiring vast amounts of up-front capital and vertical integration to reduce transaction 
costs and control distribution. In the new world, all companies regardless of industry are 
software companies that can utilise compute, storage, and applications flexibility as opex 
rather than capex. Capex is relatively less important, therefore reducing the importance of 
shareholders within the organisation. Equally, management has less of a role to play as a 
central coordinator with machine learning algorithms, blockchains and smart contracts 
automating much of the work. We have already seen a flattening of the org chart as 
software permeated corporations through CRM and ERP systems. This process will speed up 
and question the very existence of middle management. With the roles of shareholders and 
management diminished, we are left with a new decentralised structure in which the role of 
shareholder and labour are the same, and in the long run the management layer is 
automated by real-time dashboards, APIs, smart contracts and AI. 
 
Artificially Intelligent Decentralised Autonomous Organisations (AI DAO) 
 
The convergence of AI and blockchains will extend DAOs to artificially intelligent 
decentralised autonomous organisations (AIDAOs). The technology is still maturing but as 
scalability, security and throughput challenges are solved, there will be an emergence of 
smart contracts and oracles. Oracles are trusted third parties that inform smart contracts 
about data external to the blockchain. Smart contracts and oracles will be the necessary 
foundations to more complex AI algorithms either at the edge of the network as oracles or 
closer to the centre of the network embedded directly into smart contracts.  
 

“An AI DAO is a DAO that uses AI technology. Or, it’s AI technology that’s run on a 
decentralised processing substrate. Here’s what makes AI DAOs special over plain AIs: 
access to resources; the ability to amass more resources; and the possibility that 
humans can’t control them once they’re going.”  

Trent McConaghy, Co-Founder & CTO, BigChainDB  
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At the edge of the network, work on oracles is ongoing led by Oraclize and others, to create 
a way to get trusted data from the outside world onto the blockchain. For smart contracts 
to be ‘smart’ they need access to data that they either cannot or for trust reasons have 
decided to delegate to an oracle or network of oracles. One way of doing this is using the 
human crowd as Augur and Gnosis are exploring, another way is using an artificial narrow 
intelligence (ANI), such as a question answering system as used by IBM Watson to win at the 
game show Jeopardy! ANIs would be able to provide answers to smart contracts, as well as 
take on more complex decisions like voting on a proposal put forward to a DAO.  
 
The alternative route is smart contracts themselves utilising AI. This would be similar to 
recommendation engines today that use data from a variety of sources to model 
preferences. The key difference however is that smart contracts interact with blockchains 
upon which assets and resources can be exchanged. AI smart contracts would still use 
trusted oracles to pull data. These could be individual humans or experts, the crowd as with 
Augur, as well as ANI oracles and other trusted third-party oracles. The AI smart contract is 
able to model and weight all of these inputs accordingly to make the most accurate decision 
or prediction. The difference between an ANI that uses data from video feeds, or language, 
or search history and an ANI smart contract interacts with blockchains and can therefore 
acquire and trade resources. AIDAOs at the centre or the edge are the most likely technical 
path to a true M2M economy, or more accurately, an integrated human-machine economy. 
Whilst M2M markets could store and exchange data, resources and capital at lightning 
speed 24 hours a day for the foreseeable future we need to think about how we embed 
humans at the heart of the system so it doesn’t literally get out of control. 
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Part 3 - Conclusions  

Blockchains - The Data & Asset Management Layer for Web 3.0 

Blockchains, distributed ledgers and other decentralisation innovations will provide the 
foundation for a scalable and secure data and asset management layer for the new Web 3.0. 
This shared data layer will support individual data rights while still allowing for the societal 
benefits of data aggregation from the Internet of Things (IoT) to provide unimaginable 
insights to human behaviour.    

Artificial Intelligence - Data Ownership & Value Exchange 

Blockchains will provide a global open dataset of all asset and resource transactions open to 
everyone. There are many other free datasets but as blockchain adoption grows, the volume 
and value of the data will surpass any other dataset, and a shared data source acts as a 
hedge against large AI corporations amassing all private data. Moreover, no other dataset 
provides an integrated value exchange and incentivisation mechanism like a blockchain, 
providing the basis for a decentralised data marketplace. 

Autonomous Robotics – Behaviour Incentivisation 

With autonomous robots in the air, on roads and at sea, blockchains provide a transparent, 
auditable tracking record as well as allowing M2M transactions and an incentivisation 
mechanism. A blockchain with tokens as a reward system means robots can engage in 
economic activity for the benefit of their owners, individuals, corporations or more 
profoundly themselves. This mechanism is ideal for reinforcement learning algorithms that 
can use tokens as the reward signal, allowing robots to be incentivised to engage in 
behaviour we consider to be socially beneficial.  
 
The Internet of Things - Building the M2M Economy 

Existing IoT infrastructure is centralised, insecure and generally lacks interoperability. 
Decentralised architecture improves the security, privacy, and resilience of an Internet of 
Things network, but more importantly provides a platform for value exchange. With 
integrated contracts, escrows, receipts and other necessary transaction features, 
blockchains provide the foundation for a machine-to-machine (M2M) economy.  

3D Printing - How to Secure a Design Distribution Network 

A blockchain-based 3D printing open design distribution network provides chain-of-
ownership, IP management, and in-built monetisation. Designers can release their designs 
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into a marketplace without the concern that people can steal the design and copy or sell it. 
Different monetisation strategies can be employed including limited runs and subscription 
models. A blockchain-based distribution network extends far beyond 3D printing designers 
to include any content physical or digital that needs to be published, distributed and sold. 
 
Augmented & Virtual Reality - Designing a Virtual Open Economy 

The role of blockchains and distributed ledgers will be similar for augmented and virtual 
reality as for 3D printing, in that it provides a secure content distribution platform. Unlike 
3D printing, augmented and virtual reality are digital products from the start and therefore 
not tied to existing financial and creation processes that restrain adoption. Virtual spaces 
are inherently global and borderless so decentralised architectures are the ideal enabling 
infrastructure.  

Blockchain-Enabled Convergence Reshaping Trade, Commerce & Business 

Blockchain-enabled convergence will go far beyond just impacting the deployment of 
specific technologies, it will reshape the fundamentals of global trade from manufacturing 
and design, logistics and distribution, and retail and commerce. The whole product supply 
chain will be disrupted as distribution and retail becomes less important, and manufacturing 
moves from industrial-scale mass production to smaller-scale, personal production. Physical 
retail will continue to be replaced by d-commerce sped up by enhanced discovery and 
purchasing technologies in artificial intelligence, augmented and virtual reality, as well as 
faster distribution through autonomous robotics and 3D printing.  
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Blockchain-Enabled Convergence Framework 
 
The blockchain-enabled convergence framework is an attempt to visualise the trends as a 
cohesive stack. We have omitted a certain amount of nuance to achieve a relatively easy-to-
understand framework for business leaders as much as technologists.   
 

 
 
The bottom data collection layer includes any sensor or hardware connected to the Internet 
receiving and transmitting data. This is essentially the Internet of Things and will include 
smartphones, drones, autonomous vehicles, 3D printers, augmented and virtual reality 
headsets, and connected home appliances. Data is pulled into the system at this layer.  

This data is fed into the second data management layer which has different components of a 
decentralised architecture. The specific products can be swapped in and out, but there will 
be a file system and storage component, a processing and database component and a ledger 
component. They could be one single platform or best-of-breed for each. The role of this 
layer is to manage all the data being collected. 

The data automation layer sits on top of the data management layer and uses the data to 
automate business process and decision making. The automation will come from smart 
contracts utilizing other data directly from the ledger or smart contracts using oracles to 
pull data from outside of the system. Artificial narrow intelligence (ANI) can be integrated 
directly into the smart contract or can be the Oracle itself.  
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The final and higher layer is the organisational structure that directs the activity in the 
below layers. The whole stack can be governed by a decentralised autonomous organisation 
controlled by human actors, or at some point in the future, the entire stack can be managed 
by an AI DAO, which may or may not constitute an artificial general intelligence (AGI).  

As the speed of technological change increases, we need to view technology trends as a 
collective whole rather than as separate developments. With the blockchain-enabled 
convergence framework we have attempted to capture this collective. Blockchains, artificial 
intelligence, the Internet of Things, autonomous robotics, 3D printing, and virtual and 
augmented reality are all converging to significantly disrupt existing industries and create 
whole new markets and economic models. This blockchain-enabled convergence will not just 
transform markets; it has the potential to restructure the very nature of business from 
production to distribution to commerce. Even more profoundly it serves as the foundation 
for decentralised organising structures that will one day lead us to artificially intelligent 
decentralised autonomous organisations.  
  

 

  

  


