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Overview
At the Singularity Group we invest in applied innovation. Our focus is on discovering where advances in
technologies like artificial intelligence, advanced materials, and robotics are creating value today. The ability to
capture the dynamics of the present requires also foresight, and the savviness to always be a few steps ahead.
This is where Singularity Compass comes in.
We surveyed our Expert Advisory Board members on what they believe will be the biggest themes in technology
this year, and in the years ahead. Some of the replies may surprise you; indeed, we pride ourselves on being
surrounded by technology experts who think outside of the box. Several familiar themes emerge, however, notably
the role of artificial intelligence, big data, and the Internet of Things (IoT) as critical drivers of many of the
technological developments we are likely to see. All are significant Singularity Sectors – ‘big data’ and IoT are, in
fact, our largest sector exposures.
Another key theme that arises is technological convergence. Ralf Schlaepfer, member of our Expert Advisory
Board and President of Löwenberg - Surselva Impact Lab, observes: “other Singularity technologies will be
impacted by, and will themselves have an impact on, developments [in IoT, and artificial intelligence]. Smartly
combining different Singularity topics is key to long-term success.” Many of the themes raised in this Singularity
Compass intersect with each other, and all intersect with, and depend on, our Singularity Sectors.
Our company focus on technological applications today leads us then also into the future. At The Singularity
Group, we are proud to be not only at the heart of what is – but also what is yet to come.
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Welcome
Welcome to The Singularity Group’s (TSG) inaugural Singularity Compass report, our annual outlook on the
technology themes we expect to shape industry, society, and drive investment opportunities over the coming year.
This year we publish as the world grapples with the high impact of the COVID-19 pandemic in real time. The crisis
is ongoing and raises many uncertainties. As our Singularity Compass report testifies, the crisis has also
accelerated many technological themes with notable second- and third-order consequences.
Today’s technological landscape is complex and in a state of flux. This makes it a thrilling time to be an innovation
investor. Rapid changes also give rise to much “noise” - hyped developments that initially appear monumental and
ultimately prove short-lived, without lasting consequences. The Singularity Group’s Singularity Compass provides
a forward-looking perspective that identifies the signal from the noise. We aim to foster dialogue with all
stakeholders to help investors, business, and government leaders understand consequential technological themes
to enable them to capitalize on them more effectively.
This year’s Singularity Compass report features eight technology themes. Some follow directly from the COVID-19
crisis, while others have been developing for a time and are now at their tipping point. These insights are shaped
by input and feedback from our Expert Advisory Board, our unique innovation think tank, as well as external
experts and institutions with which we interact. The analysis highlights technology developments that our experts
deem most consequential. It does not reflect the entire technology landscape or all sectors captured by TSG.
Themes are assessed according to their potential impacts across industries and their intersection with Singularity
Sectors.
We begin our Singularity Compass report with an overview of the macro trends relevant to technological
developments and the world at large, as seen by The Singularity Group. These trends and their grouping into
political and economic, social, environmental, and legal serve as a backdrop for our understanding of the
technology themes highlighted in this report.
We are excited to share our ideas with you, and we look forward to engaging on these topics.

Aleksandra (Gadzala) Tirziu, PhD
Head of Research
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Macro trends
To navigate the dynamics of today’s technology landscape, TSG has identified 18 macro trends that reflect near- to
mid-term factors we believe have the potential to shape the technology environment over the next 1-3 years. Some
focus on downside risks, while others suggest potential opportunities.
This year, the impact of COVID-19 is undeniable: the pandemic has set into motion developments that will be with
us for years to come. Some of these developments are challenging longstanding dynamics around the global
balance of power, government accountability, and economic security. In certain respects, longstanding rules and
norms are becoming obsolete, and new rules are being written. The world is in the middle of profound transition ––
and, in many ways, technology is at its center.

Social Trends

Political & Economic Trends

Growing emerging market middle class
Deepening cancel culture and unrest
Urban migration & the rise of ‘secondary
cities’
“At home” everything & future of work
Emphasis on longevity & wellbeing in
developed and developing markets

Broadening US-China tensions
Fragmented geopolitics
Tech nationalism & protectionism
Entrenched identity politics
Long post-COVID economic recovery

Innovation
Environmental Trends
Lack of global coordination on global
energy transition
Climate change & resource scarcity
Demand for clean energy technologies

Legal Trends
‘Tech lash’ in the US and Europe
New market entrants try to challenge,
decentralize ‘big tech’ players
Big expansion of digital & cyber risk
Increasing digital customer interaction
Growing concerns over data protection
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Political & economic trends
The global political landscape will continue to be shaped
by the US-China relationship. Following President
Trump’s exit, US-China ties will likely be less overtly
confrontational; both sides will seek some breathing
space. This policy shift will largely benefit Beijing. If
there is anything Chinese strategists regret it is the end
of “hide your strength, bide your time,” the guiding
philosophy of Deng Xiaoping’s foreign policy. According
to Deng, what China needed was to be left alone as it
grew stronger politically and economically in preparation
for the time it could actively challenge the established
global order. The expected reprieve under the Biden
Administration will allow Beijing to make further
advances in key technologies as artificial intelligence,
space, and advanced materials, putting pressure on the
US to keep up.
An added source of tension will be rivalry in green
technologies. Beijing has pledged to reach peak carbon
emissions before 2030 and to become carbon neutral by
2060. China already enjoys an advantage in several
critical clean energy supply chains, including batteries,
electric vehicles, solar and wind energy, and electrolysis
capacity for green hydrogen energy (see pg. 16 ‘Nuclear
fusion catches investor attention’). Here too, the US will
be eager to catch-up, employing protectionist industrial
policy tools that mark a departure from the neoliberalism
of the postwar period. It will likely re-shore portions of
key clean energy supply chains back to the US and rally
allies to put pressure on China.

The EU is looking to redefine itself on the global
stage, with particular emphasis on its ‘strategic
autonomy.’ COVID-19 has underlined nationalistic
tendencies in the EU and around the world,
including toward protectionist local regulations.
Such global fragmentation risks being exacerbated
in the event of a long post-COVID recovery. 2021
begins with more optimism on news of promising
vaccine candidates, but neither the coronavirus nor
its wide-ranging impacts will disappear once
widespread vaccination begins. The pandemic will
leave a legacy of high public debt,¹ displaced
workers, and lost trust. Sharply different rates of
recovery, both within and among countries, will
likely stoke greater anti-establishment anger
leading to more public unrest. Political debate and
realignments are to be expected in the years to
come.

US efforts to enlist allies will be challenging. The
European Union (EU) has signed the Comprehensive
Agreement for Investment (CAI) with Beijing to facilitate
greater market access for European companies in
China. In return, China secures rights to, among other
matters, participation in the EU energy and renewable
energy sectors, significantly deepening relations with the
continent.

¹Even before the COVID-19 pandemic, the ratio of global debt to GDP hit an all-time high of power 322% in Q3 2019, with total debt reaching ~US$253 trillion. See: Institute of
International Finance, “Global Debt Monitor: Sustainability Matters,” January 13, 2020. Online:
https://www.iif.com/Portals/0/Files/content/Global%20Debt%20Monitor_January2020_vf.pdf
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Social trends
COVID-19 and its aftermath will affect social groups
differently within both developed and emerging markets.
In both, a K-shaped recovery in which some groups
thrive and others increasingly suffer will stoke popular
tensions. In emerging markets, limited capacity to
provide economic stimulus and safety nets means these
effects will bite harder. The problem will be more acute in
Latin America, Africa, the Middle East, and Southeast
Asia than in eastern and Southern Europe and Northeast
Asia, where safety nets are stronger.
In Europe and the US, deepening economic inequalities
and political polarization will likely entrench ‘cancel’
culture – a contemporary form of identity politics
generally associated with the tendency to withdraw
support for (cancel) individuals and organizations
deemed offensive. ‘Cancel culture’ and its challengers
will
propel
the
trend
toward
technological
decentralization, with a new crop of social networking
and publishing platforms and apps as Substack, Ghost,
Clubhouse, Signal, and Telegram gaining traction.
Decentralization will also gain momentum in response to
‘big government’ and ‘big corporations,’ including the
financial sector (see pg. 11, ‘Blockchain drives a new
crop of tech companies’).

In developed markets, COVID-19 has accelerated
movement out of major urban areas. In the US,
15.9 million people moved between February and
July 2020, a 3.92% increase from the same period
the previous year. Areas experiencing the highest
movement were those with high population density,
such as New York City and San Francisco.² This
dynamic is spurring the rise of ‘secondary cities’
and ‘company towns’ held by major technology
companies. For example, the video game and
software developer, Epic Games, has purchased
the Cary Towne Center mall in Cary, North Carolina,
with plans to turn it into its next headquarters by
2024.³
In emerging markets, high population growth and
youthful, expanding middle classes instead drive
urbanization. Megacities like Nairobi, Lagos, and
Mumbai are emerging as major technology hubs
with long-term investment potential. In Africa,
interest in the e-health sector has accelerated over
the last 18 months, spurred by the COVID-19
pandemic and a younger, more affluent population
focused on its wellbeing (see pg. 14, ‘Health data is
gold’).

The pandemic has disrupted paradigms around how we
work, learn, and socialize. Flexible delivery methods,
digital technologies, and modernized customer and
citizen experiences will be in high demand (see pg. 10,
‘Continued expansion of ecommerce ecosystems’).
Countries and communities for which such solutions are
less readily available will likely see more protests. Those
who are able to relocate, will, triggering significant intra–
and inter–state, rural-urban, developing-to-developed
nation migrations.

²Anusuya Datta, “COVID Impact: How people moved around in US during the pandemic,” Geospatial World, December 1 2020. Online: https://www.geospatialworld.net/blogs/covidimpact-how-people-moved-around-in-us-during-the-pandemic/
³ABC11, “Epic Games to transform Cary Towne Center into new headquarters by 2024,” January 4, 2021. Online: https://abc11.com/fortnite-epic-games-cary-towne-center/9325429/
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Environmental trends
The effects of climate change and global warming are
evident: warmer average temperatures, rising sea levels,
melting ice caps, longer and more frequent heatwaves,
erratic rainfall patterns and more extreme weather
events. Although global environmental pollution eased
momentarily during the COVID-19 lockdowns,⁴ the longterm trend persists.
China, the EU, United Kingdom, Japan, South Korea,
and Canada have all committed to meeting economywide net-zero emission targets. This year the US is also
likely to be in the game. President Joe Biden has said he
is ready to rejoin the Paris Agreement on day one and to
commit the US to net-zero emissions by 2050 or sooner.
The UN climate conference in Glasgow at the end of
2021 will provide a focal point for such announcements
and overtures. In short, climate commitments will matter
in 2021 like never before.

Yet although the politics surrounding the energy
transition will be central, the push for net-zero will
also create enormous opportunities for private
capital,
especially
the
growing
pool
of
environmental, social, and governance (ESG)
capital. Additional opportunities centered on
mitigation solutions for inevitable impacts of climate
change will also gain market traction. Consider
advances in material science to design floating
cities to counter rising sea levels.

Yet beyond the headlines, the energy transition will be
dominated by competition and a lack of coordination.
Australia, Brazil, South Africa, and India will seek to
protect their carbon intensive assets from international
competition and pressure. The EU and its member
states will remain the largest climate investors at home
and abroad, with tax imports likely to be implemented on
goods from higher carbon countries like Russia, China,
and the US. China will push forward with its plan for
carbon neutrality by 2060, leveraging its state capitalist
model to dominate clean tech supply chains. Beijing has
made the energy transition a matter of industrial and
national security policy (see pg. 16 ‘Nuclear fusion
catches investor attention’).
Global competition in climate may also place parts of the
clean energy supply chain under bifurcation pressures
not unlike those seen in 5G, particularly where the
security of ever-more complex grids is involved, such as
with transformer equipment.

⁴Zander S. Venter et. al., “COVID-19 lockdowns cause global air pollution declines,” Proceedings of the National Academy of Sciences of the United States of America, July 28, 2020.
Online: https://www.pnas.org/content/117/32/18984
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Legal trends
More vulnerable and connected devices, advances in the
Internet of Things, 5G networks, and the merger of
home, school (see pg. 17 ‘Education technology demand
continues to rise’), workplace, and commerce amid
continued COVID-19 lockdowns create unprecedented
cybersecurity risks. This expanded surface area of
vulnerability is a playground for malicious state and nonstate actors. So far, governments and the private sector
have made no headway in developing global rules for
state and non-state behavior in cyberspace, and there is
no widely accepted industry standard for ensuring lowcost commodity devices like smart refrigerators and
virtual assistants are secure.

In the US, animosity toward tech companies
extends across the political spectrum, but concerns
over the rising prominence of Chinese technology
champions will likely cause lawmakers to think twice
about imposing stricter regulatory measures, even if
they agree on what should be done. And with
technology as a central engine of post-COVID-19
recovery, a forceful clampdown is even less likely to
materialize.

In 2020, a cyberattack launched by suspected Russian
state-backed hackers using stolen credentials from
SolarWinds, Microsoft, and VMware penetrated multiple
parts of the US federal government and an estimated
200 organizations worldwide. The attack was among the
worst cyber-espionage incidents due to the sensitivity
and high profile of the targets. The next “SolarWinds”
attack is likely to be worse –– also as under Biden the
US will pursue a tougher policy toward Russia. A
downturn in US-Russia relations will be among the key
factors driving global cybersecurity risks in 2021. This, in
turn, will drive demand for cyber and privacy technology
solutions (see pg. 15, ‘A tipping point for privacyenhancing technologies’).
Actions taken by Google, Amazon, Facebook, Apple,
and Twitter to ban profiles and apps from their platforms
will fuel global pushback against US ‘big tech’ and propel
efforts to develop new, sovereign, market players in
regions including Europe and Asia. But US big tech will
likely be saved by the complexities of the political
problems it poses. The EU wants to impose new fees on
American big tech companies, but the US government
will likely fight to defend these firms and the tax base
they represent.
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8 Technology Themes for 2021

Felix Reiff
President of the Board
of Directors,
Bayer (Schweiz) AG

Continued expansion of e-commerce ecosystems
E-commerce has been growing steadily for a while, but the COVID19 pandemic has supercharged that trend. In just a few months, the
global e-commerce industry has grown at a pace that should have
taken it roughly five years to achieve.⁵

Related TSG Singularity Sectors
Artificial intelligence (AI)
Big data
Internet of Things (IoT)
Blockchain
Robotics

Potential impacts:

• As e-commerce expands it drives
further demand for clean energy (e.g.
hydrogen) solutions for delivery
vehicles.
• The integration of various digital
tools and platforms to create online
ecosystems increases potential cyber
risk exposure, fueling demand for
cyber solutions in ecommerce.
• There is likely to greater demand for
sustainable packaging solutions, led
by innovation in the advanced
materials sector.
• There will also be increased retailer
demand for faster data processing
capabilities.

In the US, e-commerce was ~17% of addressable retail at the
beginning of 2020. It spiked up to 22.5% in Q2 and Q3.⁶ In
Argentina, the 21-year-old MercadoLibre – with its hybrid model of
eBay meets Amazon – is now the most valuable company in Latin
America, surpassing the region’s oil and gas giants. And in
Southeast Asia, one in three digital service users came online for the
first time during the pandemic.⁷
There has never been a more critical moment for companies to
know their audience – and to optimize their processes, from how
customers pay to how goods are delivered. Today’s consumers
expect easy-to-use, intuitive digital experiences across channels and
devices. Brands that can deliver on those experiences are seeing
the most returns. According to data from Shopify, merchants with an
omnichannel strategy in place replaced 94% of point-of-sale (POS)
purchases lost in the first month of the COVID-19 pandemic with
online sales.⁸
Companies are increasingly combining various tools and platforms,
including data, marketing, digital intermediaries, financial services,
and commerce to create expansive digital ecosystems. These
ecosystems create captive networks that boost consumer
engagement, increase time spent on a given platform, and drive up
switching costs. For example, users on Instagram can buy products
in-app through the integration of PayPal capabilities. Payment player
Adyen’s ‘Pay-by-Link’ solution also allows users of platforms like
Spotify and Groupon to purchase items they discover while in the
app.
Technologies including AI, IoT, and robotics, are providing retailers
and brands they need to respond to these dynamics.

For more on omnichannel solutions, see our report ‘Digital Payments:
Exponential Technologies and a new economic infrastructure’’ (October 2020).

⁵Benedict Evans, “Lockdown takes ecommerce to 40%,” November 22, 2020. Online: https://www.benevans.com/benedictevans/2020/11/22/finding-a-new-level-for-ecommerce
⁶Ibid.
⁷Yoomlin Lee, “Southeast Asia’s Internet Economy on Verge of a Post-Covid Boom,” Bloomberg, 10 November
2020. Online: https://www.bloomberg.com/news/articles/2020-11-10/southeast-asia-s-internet-economy-onverge-of-a-post-covid-boom
⁸Shopify, “The future of ecommerce in 2021.” Online: https://www.shopify.com/enterprise/the-future-ofecommerce
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Laurenz Apiarius
Founder and Managing
Partner, Blockwall

Related TSG Singularity Sectors
Artificial intelligence (AI)
Big data

Blockchain drives a new crop of tech companies
Given the Bitcoin price craze at the end of 2020 that saw the price of
Bitcoin increase by 300%, it may be easy to assume that the
distributed ledger technology (DLT)/blockchain that underpins it is a
bubble again waiting to burst. However, new developments justify
paying closer attention to this sector.
Collective sentiment about blockchain is on the rise, driven in part by
meaningful implementations in the public and private sectors, and
experimentation with new use cases ranging from smart contracts,
to blockchain-based IoT, logistics, and media.

Internet of Things (IoT)
Blockchain

Potential impacts:

Though still nascent, there is
promising innovation in blockchain
that would make it a potentially
strong cybersecurity technology.
Advances in blockchain technology
lead to an eventual democratization
of the internet, relativizing the
current tech monopolies.
The move toward decentralized
technologies will prompt a major
processual upgrade of the existing
internet infrastructure.

In the media space, for instance, Steemit is a blockchain-based
blogging and social media website that rewards users with the
cryptocurrency STEEM for publishing and curating content. By
voting on posts and comments, users decide the payout of those
posts. Austria’s blockchain-based IoT solution, Riddle&Code
provides cryptographic tagging solutions for blockchains in smart
logistics and supply chain management.
The steady move towards decentralized technologies gained
momentum in 2020 on the back of growing public mistrust of
centralized institutions. It has been further fueled by events in early
2021 that saw big technology players Facebook, Amazon, Apple,
and Google block and remove user profiles and apps from their
platforms and operating systems, raising concerns over their
outsized influence in the infrastructure of daily life.
We are entering a new era in which communications, payments, and
other critical systems are devolving away from centralized
structures. We will see decentralized websites, decentralized mobile
apps, decentralized social networks, and much more. This
transformation will not happen overnight. 2021 will be a watershed
moment for new, decentralized technology companies for which
blockchain will be essential.
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Lars Jaeger
Head of Alternative
Risk Premia, GAM;
Physicist & Author

Related TSG Singularity Sectors
Artificial intelligence (AI)
Big data
Advanced materials
New energy

Potential impacts:

Complex industrial logistics tasks
as, for instance, optimizing traffic
flows, become more quickly
solvable.
Solutions for the difficult
optimization problems implicated in
AI’s deep neutral networks are
achieved more accurately and
faster.
When searching large, unsorted
datasets, classical computers
consider each data point
individually, whereas quantum
computers follow a root law. This
dramatically improves search
speed.
Quantum computers’ ability to map
electron behavior leads to an
improved understanding of
molecules and the details of their
chemical reactions. This drives
development of new drugs and
efficient batteries.

A Sputnik moment for quantum computing
Quantum computing is moving from a science project to reality, and
enterprises must begin to plan for when and how they will use
quantum computing capabilities.
Although widespread use of quantum computing is still a ways away,
2020 saw a number of milestones from numerous quantum industry
leaders, including IBM, Amazon, and Google. Various companies and
institutions have made claims of quantum advantage or supremacy –
the points at which a quantum computer can compute hundreds or
thousands of times faster than a classical computer, or is powerful
enough to complete calculations that classical supercomputers
cannot.
Among others, China has claimed that it has demonstrated ‘quantum
advantage’ with its photon-based quantum computer that is able to
calculate in minutes what would take more than 2 billion years of
effort by the world’s third-most-powerful supercomputer.⁹ In short, the
race is on.
Quantum computing performance and scale is expected to continue
to increase rapidly – with even the possibility of the development in
2021 of a quantum processor with over 100 qubits that would achieve
true quantum superiority.
Whether or not quantum superiority will be achieved this year,
significant progress in quantum research is driving more companies
to begin looking for specific use cases.
Companies that work with advanced materials have shown particular
interest. The chemical industry is poised to be an early beneficiary of
quantum computing’s vastly capabilities that open up the possibility of
modeling quantum-mechanical systems such as molecules,
polymers, and solids at a totally different level of precision. This would
make it possible to identify the most effective molecular designs or
structures to accomplish specific tasks and achieve required effects –
before synthesizing a single molecule in the lab. Access to this kind
of computation resource could dramatically boost the effectiveness of
R&D departments and change the way new products are developed.

For more on the advanced materials sector, see our report ‘Advanced Materials:
Quiet Enablers of Global Innovation’ (December 2020).

⁹Tom Simonite, “China stakes its claim to quantum supremacy,” Wired, December 3, 2020. Online:
https://www.wired.com/story/china-stakes-claim-quantum-supremacy/
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Collin Lee
Senior Director of
Strategy – Space and
Intelligence Systems,
General Dynamics
Related TSG Singularity Sectors
Space
Artificial intelligence (AI)
Big data
Advanced materials
New energy
Robotics
Internet of Things (IoT)
3D printing

Potential impacts:

Advances in OSAM capabilities
propel efforts in terrestrial
connectivity, including technologies
as IoT and 5G networks.
Progress in OSAM capabilities
enables space missions that were
not previously possible, including
space resource mining, lunar
gateway, and autonomous
manufacturing.

On-orbit servicing of spacecraft makes strides
The space sector is undergoing a major transformation, and there is
growing interest in alternative approaches to future space
architectures that not only reduce costs but also enhance capabilities
in space. Technologies used to closely approach, inspect, grasp,
modify, repair, refuel, and build completely new platforms and
spacecraft on orbit are seen as offering direct benefits to a number of
fields, including space exploration, commercial missions, and national
security.
As a result, public, private, and international entities are increasingly
investing in on-orbit activities, including servicing, assembly, and
manufacturing – referred to collectively as OSAM. The US has the
widest range of OSAM activities, followed by Russia and China.
Some European countries, such as Germany, have or are rapidly
developing the underlying technologies required for OSAM, but are
not yet actively pursuing or leading OSAM missions.¹⁰
The on-orbit servicing market is currently the most advanced among
OSAM activities. Though small, it is projected to grow to ~US$4.5
billion by 2028, with significant growth also expected in 2021.¹¹ Onorbit assembly is expected to be an even larger market, though is still
several years away.
On-orbit satellite servicing refers to refueling or repairing space
satellites while in orbit. Commercial interest in the on-orbit servicing
of satellites is expanding as companies can now keep existing,
exquisite assets on orbit longer thereby delaying expensive
recapitalization costs. This is particularly true for companies that build
large, very expensive communications satellites. Companies as
Maxar Technologies, Made in Space, Orbit Fab, and SpaceLogistics
LLC, a subsidiary of Northrop Grumman, are among the leading
players in the industry.
Maxar, for example, is providing a commercial satellite bus for a
NASA-sponsored robotic satellite servicing mission call OSAM-1.
Scheduled for launch in 2024, OSAM-1 will rendezvous with the
Landsat 7 spacecraft and refuel it, and then conduct a series of
demonstrations of in-space robotic assembly of an antenna and a
boom.¹² OSAM-2 is a spacecraft being developed by Made in Space
to build and deploy a solar array in space.

¹⁰Benjamin A. Corbin, et.al., “Global Trends in On Orbit Servicing, Assembly and Manufacturing
(OSAM),” Institute for Defense Analysis, Science and Technology Policy Institute, March 2020.
¹¹Northern Sky Research, In-Orbit Servicing Markets, 2nd Edition (IoSM2), March 2019.
¹²Jeff Foust, “New initiative to promote satellite servicing and in-space assembly technologies,” Space
News, November 3, 2020. Online: https://spacenews.com/new-initiative-to-promote-satellite-servicingand-in-space-assembly-technologies/
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Sebastian Guenther
Innovation & Design
Lead CH, Accenture

Related TSG Singularity Sectors
Blockchain
Bioinformatics
Artificial intelligence (AI)
Big data
Internet of Things (IoT)

Potential impacts:

In digital healthcare, one advance
builds on another, and data is
nothing without the cloud. Cloud
computing in healthcare opens up
inter-operability among disparate
systems and vendors, enabling
better care.

Health data is gold
Necessity being the mother of innovation, the COVID-19 crisis has
dramatically accelerated digital transformation in healthcare. As
companies hurry to develop new capabilities in an effort to build
resilience and retool for the post-pandemic world, keeping up with
emerging technologies is critical. Advances are expected across the
healthcare value chain. For each step, healthcare data is critical.
Healthcare’s big data market is expected to reach US$70 billion in
2025,¹³ almost six times its 2016 value of US$11.5 billion. The rapid
acceleration of health data collection gives the industry an
unprecedented opportunity to leverage and deploy diverse digital
capabilities, including AI, blockchain, and IoT to improve treatment.
Smart use of health data has the added potential to dramatically
improve patient care, including:
Consumerization of healthcare – care becomes more patientcentered as the number of touchpoints and data inputs increases
(e.g. home delivery of prescription medications, health wearables).
This allows care teams to develop a unified view of entire patient
journeys.
Lower rate of medication errors – through patient record analysis,
AI software can flag inconsistencies between a patient’s health and
drug prescriptions, alerting health professionals when there is a
potential risk of error.

Availability of healthcare data
propels the development of
functional foods, which hinge on
the advanced materials (notably
biomaterials) sector.

Drug development – Regulators in the US are this year expected to
clarify their approach to drug development that uses real-world
data (RWD). COVID-19 has increased industry interest in RWD,
and such guidance could help facilitate more advanced discovery
and development.

Concerns over data security drive
the widespread adoption of privacyenhancing and cybersecurity
technologies.

Prevention – The ability to analyze a patient’s full dataset before
she falls sick will have an enormous impact on detecting early
warning signs and preventing disease. Today this is already
possible on a small scale with the use of healthcare wearables; this
development will grow rapidly as more healthcare data becomes
available.

¹³Statista, “Global healthcare big data market size in 2016 and a forecast for 2025 (in billion U.S.
dollars),”
October 22, 2020. Online: https://www.statista.com/statistics/909654/global-big-data-inhealthcare-market-size/

14

Aleksandra Gadzala Tirziu
Head of Research, The
Singularity Group
Related TSG Singularity Sectors
Blockchain
Internet of Things (IoT)
Artificial intelligence (AI)
Big data

A tipping point for privacy-enhancing technologies
As more aspects of daily life move online – and as more governments
introduce privacy legislation as Europe’s GDPR – demand for
privacy-enhancing technologies and trust-first business models (see
pg. 11, ‘Blockchain drives a new crop of tech companies’) is quickly
rising.
Privacy-enhancing technologies (PETs) are software and hardware
solutions designed to secure data in use and to enhance privacy and
security while searches or analytics are performed. These
technologies include limitation of use (e.g., e-consent system),
encryption (e.g., homomorphic encryption), pseudonymization (e.g.,
tokenization), and anonymization (e.g., secure multiparty
computation, differential privacy). Many of these solutions intersect
and/or can be used in conjunction with one another, depending on the
use case.

Potential impacts:

Digital healthcare solutions that
leverage large volumes of data
(see: pg. 14 ‘Health data is gold,’)
expand as privacy-enhancing
technologies make their operations
more secure.

A promising area of development is full homomorphic encryption
(FHE). Full homomorphic encryption is not a new technology – it has
been studied for over 30 years. And while it has historically been
computationally intensive, recent breakthroughs in AI/machine
learning make it increasingly practical for a growing range of
commercial applications.

Application testing and data
analysis for e-commerce are
sometimes handled by third-party
providers. Using a suitable PET
solution could allow e-commerce
companies to shape their digital
ecosystems without jeopardizing
customer data.

Homomorphic encryption makes it possible to analyze or manipulate
encrypted data without decrypting it first. Something as simple as
looking for a coffee shop in a new city reveals huge volumes of data
to third parties – at what time you search, where, and when. Applied
to this fictional scenario, homomorphic encryption would prevent this
information from being visible to any third parties or service providers,
such as Google. Homomorphic encryption finds application in highly
regulated industries to securely outsource data to cloud
environments, and data-sharing partners for research and analytics.
This impacts many sectors, including financial services, information
technology, healthcare, and more.

Possible expansion of connected
devices as data-sharing security
improves.
Global regulation on data privacy
quickens the uptake of PETs
across major industries.

Among the barriers to widescale adoption of full homomorphic
encryption is that it is still very slow. Yet companies including
Microsoft and IBM are working to speed up its processes such that
FHE has “reached an inflection point where its performance is
becoming practical.”¹⁴ This has the potential to revolutionize data
privacy for both individuals and businesses.

¹⁴IBM, “Unlock value of sensitive data without decryption.” Available online:
https://www.ibm.com/security/digital-assets/fhe/unlock-value-of-sensitive-data-without-decryption/
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Potential impacts:

Success in nuclear fusion would
dramatically alter the global energy
landscape.
Nuclear fusion reactors could
theoretically produce enough
energy to power ships and aircraft,
and even propel advanced space
missions.
Harnessing fusion power could
drive socioeconomic changes, as
countries that develop and
commercialize it could enjoy
considerable benefits from cheaper
electricity.
If leveraged by emerging markets in
regions as Africa and Southeast
Asia, nuclear fusion could spur
significant economic development.
When paired with population
dynamics in these regions, this
could impact also the global
balance of power and industry.

Nuclear fusion catches investor attention
Nuclear fusion has quietly emerged to become the hottest new topic
in nuclear energy, and countries are racing to develop it. Unlike
nuclear fission, fusion produces no long-lived radioactive waste while
still creating an enormous amount of power – significantly more than
fission. Success in nuclear fusion would unlock a powerful clean
energy source with virtually unlimited supply of fuel. It would be
revolutionary across society and industry.
Last year, the United Kingdom initiated its search for a ~100+ hectare
site for construction of its nuclear fusion power station, the Spherical
Tokamak for Energy Production (STEP). Construction could begin as
soon as 2032, with operations by 2040. The ITER fusion project
under construction in southern France – and backed by 35 nations
including the EU, India, China, Japan, South Korea, Russia, and the
United States – is expected to produce results as soon as 2030. And
China last year successfully powered up its HL-2M Tokamak reactor,
marking a great advance in its nuclear research capabilities.¹⁵
While it is unlikely that we will see concrete contributions that will
unlock nuclear fusion in 2021, ardent government advances suggest
it will be a key focus for public and private funding.
Investments in private fusion ventures have grown in recent years
and will continue to increase. Measured by the amount of capital
raised, TAE Technologies, in California, leads the pack with US$750
million (2020 est.), an increase of US$150 from early 2019.¹⁶ Other
leading players include General Fusion (Canada), Commonwealth
Fusion Systems (USA), Zap Energy (USA), and Tokamak Energy
(UK). These players are developing variants of the tokamak
technology underpinning ITER, as well as entirely new approaches.
They aim to generate energy from nuclear fusion before ITER,
possibly as early as 2025.

The Singularity Group has established an ‘Alternative Energy Task Force’ to
better understand opportunities surrounding green hydrogen, nuclear fusion, and
other renewable energy sources. Research forthcoming in 2021.

¹⁵Phys.Org, “China turns on nuclear-powered ‘artificial sun’ (Update),” December 4, 2020. Online:
https://phys.org/news/2020-12-china-nuclear-powered-artificial-sun.html
¹⁶David Kramer, “Investments in privately funded fusion ventures grow,” Physics Today, October 13,
2020. Online: https://physicstoday.scitation.org/do/10.1063/PT.6.2.20201013a/full/
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Potential impacts:

Greater demand for EdTech
solutions will drive demand for
teachers, potentially creating a new
teacher gig economy.
The current lack of national
standards for digital education in
regions including Europe will
prompt national dialogues on
teaching standards, potentially
driving technology reskilling
initiatives for educators.
Higher education will be
unbundled, with companies –
including tech companies like
Google – offering industryrecognized credentials and lastmile training programs.

Education technology demand continues to rise
The education-technology industry was already on the rise, but
COVID-19 lockdowns have accelerated its adoption. Even after the
pandemic recedes and the logistical necessity of remote education
fades, education technology (EdTech) is here to stay.
Previously seen in the West as a supplement to traditional
educational systems, EdTech has now become essential to all
countries’ continued social and economic development. The World
Bank has commissioned an EdTech Team to support global
policymakers in facilitating access to education by integrating
technologies as virtual reality, AI, and IoT.
The global EdTech market was valued at US$5.9 trillion in 2019 and
projected to reach US$7.8 trillion by 2025,¹⁷ largely driven by
population growth in developing countries. In countries like India and
China that lead the sector,¹⁸ the cultural emphasis on education and
after-school programming had created a demand for at-home
learning even before the pandemic. The COVID-19 lockdowns
accelerated the trend in both.
In Western markets like the US, where EdTech’s growth has been
stable but relatively flat, adoption in recent months has been directly
proportional to pandemic stay-at-home orders.¹⁹ For much of the past
decade, Europe’s EdTech market has been largely concentrated in
the UK, but that center of gravity has also begun to shift as COVID-19
has accelerated demand for educational services. The European
EdTech market is anticipated to grow at a CAGR of 14.6% from 2020
to 2027.²⁰
As more students, families, and educators become more comfortable
with remote learning, the demand for educational technologies will
only continue to increase.

¹⁷Patrick Brothers, “Ten charts that explain the Global Education Technology Market,” HolonIQ,
February 24, 2019. Online: https://medium.com/@patrickbrothers/ten-charts-that-explain-theglobal-education-technology-market-6809fa68484c
¹⁸See, for instance: Prarthana Banerjee, “EdTech market is booming in India,” BW BusinessWorld,
September 20, 2020. Online: http://www.businessworld.in/article/EdTech-Market-Is-Booming-InIndia-/20-09-2020-322696/; Ricardo Geromel, “Why is China the world’s leader in EdTech?” Forbes,
April 5, 2019. Online: https://www.forbes.com/sites/ricardogeromel/2019/04/05/why-is-china-theworlds-leader-in-edtech/?sh=78f69f4c5756
¹⁹Tony Wan, “US EdTech raises $803M in first half of 2020 as COVID-19 forces learning online,”
EdSurge, July 29, 2020. Online: https://www.edsurge.com/news/2020-07-29-us-edtech-raises803m-in-first-half-of-2020-as-covid-19-forces-learning-online
²⁰ReportLinker, Europe EdTech and smart classroom market forecast to 2027, January 2021.
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