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Trends influencing the future of
sustainability, energy production
and consumption, and space
commercialization, tourism and
exploration.
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Macro Forces and Emerging Trends
For nearly two decades, the Future Today Institute has meticulously researched macro forces of change and the emerging trends that result. Our
focus: understanding how these forces and trends will shape our futures. Our
15th annual Tech Trends Report identifies new opportunities for growth and
potential collaborations in and adjacent to your business. We also highlight
emerging or atypical threats across most industries, including all levels of
government. For those in creative fields, you will find a wealth of new ideas
that will spark your imagination.
Our framework organizes nearly 600 trends into 13 clear categories, which
are being published as separate reports. Each report includes specific use
cases and recommendations for key roles in many organizations: strategy,
innovation, R&D, and risk.
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Climate, Energy & Space

Watch Closely

Informs Strategy

1

Managing Digital
Emissions
2
Small, individual actions
collectively contribute to
a global impact on greenhouse gasses, but many
consumers lack awareness of their contributions. Companies are
leading initiatives to reduce energy costs, for example by relocating data
centers to cold climates.
Edge computing and 5G
will reduce reliance on
server farms for data
processing, lowering the
digital carbon footprint
even further.
KEY INSIGHT

Our homes produce digital emissions with every
post, command, and search we do.

Each trend offers six important insights.

EXAMPLES

3

More than half of the global population
uses the internet, and contributes to
the rise of digital emissions. Because
energy consumption accounts for a
significant financial cost, universities
and technology companies are making
digital tasks more efficient. Stanford
University is exploring how to make
machine learning “green” with less energy-intensive algorithms and training
sessions. Google is locating data centers
in cold climate countries where nature
provides free cooling for IT equipment,
and the company is looking at more
energy-efficient computer chips. Rather
than relying on chips built for graphics
processing, researchers discovered that
neural network–specific designs can be
five times more energy-efficient when
training an algorithm.

DISRUPTIVE IMPACT

4

Reducing digital emissions will be
important for businesses to hit company-wide emissions targets. Organizations
are scrutinizing entire value chains for
ways to limit the environmental impact
of our digital lives. Internet service
providers can now allow consumers to
select routing based on the lowest carbon footprint, using the SCION internet
architecture. These “green” networks
should offer ISPs a competitive edge in
cutting the carbon footprint of digital
infrastructure. With the proliferation of
5G networks and edge computing, data
processing will also become more localized rather than sent long distances for
processing in the cloud—and that may
also reduce energy usage. Regulation
could force corporations to change how
they use energy and require systems to
track, monitor, and verify compliance.

EMERGING PLAYERS

• Washington University in St. Louis
• The Korea Advanced Institute
of Science and Technology
• DigiPlex
• Cloudflare
• Nokia
• Ericsson
• Firefox

3. Examples

5. Emerging Players

6. Action Scale

We track longitudinal tech and science trends. This measurement indicates how long we have followed
the trend and its progression.

Real-world use cases, some of
which should be familiar to you.

Individuals, research teams, startups, and other organizations operating in this space. Mature organizations are included when they are
producing new contributions.

FTI’s analysis of what action your
organization should take.
Fields include:

Concise description of this trend
that can be easily understood and
repeated to others.

3
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1. Years on the List

2. Key Insight

The implications of this trend on
your business, government, or
society.

5

• SCION

736

4. Disruptive Impact

Act Now

 Watch Closely
Mounting evidence and data,
but more maturity is needed. Use
this trend to inform your vision,
planning, and research.

 Informs Strategy
Strong evidence and data. Longer-term uncertainties remain.
This trend should inform your
strategic planning.

 Act Now
Ample evidence and data. This
trend is already mature and
requires action.

© 2022 Future Today Institute
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Scenarios Describe
Plausible Outcomes
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Climate, Energy & Space

SCENARIO

Skin Care for the Anthropocene • Mid-future pessimistic scenario

Theclimatehaschanged.
Hasyourskincare?

You will find scenarios imagining future worlds as trends evolve
and converge. Scenarios offer a fresh perspective on trends and
often challenge your deeply held beliefs. They prompt you to
consider high-impact, high-uncertainty situations using signals
available today.

All-in-one protection from the full range of today’s
environmental harms.
SPF 150+

Won’t clog pores

Phthalate-free

Effective defense against*:

1. Headline
A short description offering you a glimpse into future changes.
2. Temporal and Emotive Tags
A label explaining both when in the future this scenario is set and
whether it is optimistic, neutral, pessimistic, or catastrophic.
3. Narrative
The descriptive elements of our imagined world, including the
developments leading us to this point in our future history.

SCENARIOS
SOURCES

Climate, E
 nergy &
 Space

Plastic Rain

Microbes

Acid Rain

Ozone

Necrotizing Pathogens

Nitrogen Oxides

Airborne Carcinogens

Carbon Monoxide

UVA/UVB/UVC Rays

Sulfur Dioxide

Scan to receive a personalized
formula for your own microclimate.
*These statements have not been evaluated by the Food and Drug Administration.
This product is not intended to diagnose, treat, cure, or prevent any disease.
Not intended for use in extreme climate crisis zones.

737
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Scenario sources:
The Future Today Institute uses a wide array of qualitative and
quantitative data to create our scenarios. Some of our typical
sources include patent filings, academic preprint servers, archival research, policy briefings, conference papers, data sets,
structured interviews with experts, conversations with kids, critical design, and speculative fiction.

4
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What’s the new normal? Most of us feel an urgent need to
get back to normal, especially as we continue to witness
and endure an unprecedented amount of change. Early
this year, Russian President Vladimir Putin waged an unprovoked war against Ukraine, which led to a rapid global
response. Switzerland broke with tradition and took a side,
freezing Russian assets and denying entry to oligarchs.
Anonymous, the global hacker collective, waged a cyberwar against Russia, infiltrating government databases and
state propaganda websites.
Within the past 12 months, DeepMind solved a 50-yearold problem in biology, opening up new pathways to
drug discovery. AI systems proved that they can generate images and text as well as a human. Facebook and
Square changed their names to Meta and Block, signaling
a digital land grab in the emerging Web 3.0. The biggest
streamers—Netflix, Disney+, AppleTV, Hulu—discovered a
formidable competitor in social commerce networks like
Shein. Seemingly every day, a new set of signals emerge to
challenge our existing mental models.
It might feel pointless to forecast the future past a few
weeks or months. But strategic foresight results in preparations, not predictions. Trends invite us to consider alternative outcomes from those we previously imagined. They
also unlock something invaluable in each one of us: the
ability to re-perceive reality. The act of “re-perception”
awakens you to the possibility of a future that differs from
your current expectations. It helps you understand that you
cannot know all things at all times, and that you should be

5

OVERVIEW
SOURCES
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curious, rather than absolutely certain, about what you
perceive in the present.
Our 2022 Tech Trends Report is designed to help you
re-perceive the world so that you can confront deep uncertainty, adapt and thrive. In this 15th anniversary edition,
we have analyzed nearly 600 technology and science
trends that impact most industry sectors. We created 14
separate volumes, and each report focuses on a related
cluster of trends. You will also find vivid scenarios depicting the unexpected ways in which the future might unfold.
In each volume, we discuss the disruptive forces, opportunities and strategies that will influence your organization
in the near future.
Now, more than ever, your organization should examine
the potential near and long-term impact of tech trends.
You must factor the trends in this report into your strategic
thinking for the coming year, and adjust your planning,
operations and business models accordingly. But we hope
you will make time for creative exploration. The new normal is unfolding for those who know how to re-perceive
signals in the present.

Amy Webb
CEO
The Future Today Institute

© 2022 Future Today Institute
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This is volume 13 in the Future Today
Institute’s 2022 Tech Trends Report. Each
volume covers a different set of topics.
To find additional volumes, visit
www.futuretodayinstitute.com/trends
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KEY INSIGHTS

Climate, Energy & Space

Key Insights
 Companies are reorganizing their

workforces in response to climate
change. This includes additions to
the C-suite and paid time off during
extreme weather conditions.
 The lasting economic consequences

of climate change are dire. Innovations from both big tech companies
and startups promise to mitigate the
effects, but regulators could stand
in the way of progress.
 In 2022, we will start to learn the

impact of green stimulus plans in
several countries around the world.
 Several new geoengineering ini-

tiatives—including cloud injection,
dumping iron into oceans, and solar
radiation modification—will be
tested in 2022.

7

 Microplastics are everywhere.
 Alternative power technologies,

including electric wind and clean
hydrogen, are gaining acceptance.
 A new space race emerged in 2021

among some of the world’s most
affluent people.

 Space junk is becoming a bigger

problem as more satellites enter
orbit.
 China wants to replace the U.S. and

Russia as the predominant space
explorer and driver of space-related
commerce and trade.

 For the first time in history, private

companies will send more people to
space than government agencies.
 The era of space commercialization

is here. Private space stations are
under construction, and commercial
astronauts will be certified in 2022.
 This is an important year for space

missions. New megaconstellations
of satellites promise to beam internet connectivity from space.

© 2022 Future Today Institute
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Climate &
Sustainability
8
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What you do makes a difference,
and you have to decide what kind
of difference you want to make.
— Dr. Jane Goodall, scientist and activist

9
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Watch Closely
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Informs Strategy

Act Now

1ST YEAR ON THE LIST

Chief Heat Officers

Jane Gilbert became the first chief heat officer
in 2021.
Photo courtesy Jane Gilbert

10

KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

As global temperatures
continue to rise,
some cities will be
disproportionately
affected. To counter
this trend and develop
contingencies for these
alarming patterns,
some municipalities
are establishing new
positions to oversee
the protection of their
residents.

North America experienced the hottest
June and July on record in 2021, according to the Centers for Disease Control
and Prevention. Globally, July was the
hottest period on record, going back
140 years. Miami-Dade County reacted
to this new reality by appointing Jane
Gilbert as the world’s first chief heat
officer. Miami-Dade Mayor Daniella
Levine Cava summarized the position’s
purpose: to “expand, accelerate, and
coordinate our efforts to protect people
from heat and save lives.” Other U.S. cities have created similar positions since
then, including Phoenix and Los Angeles. The trend has taken hold in other
parts of the world as well. Devastating
fires were probably an impetus to Eleni
Myrivili’s appointment as the first chief
heat officer in Athens, Greece. Freetown, Sierra Leone, appointed Eugénia
Kargbo to the role, becoming the first
nation in Africa to adopt the position.

The creation of new chief heat officer
positions indicates the world is finally
waking up the expansive threats of
climate change. Many municipalities
have programs and strategies to deal
with climate hazards such as flooding
but have largely overlooked heat-related
threats. Chief heat officers will be tasked
with raising awareness of extreme heat
risks and protecting the most vulnerable
communities. Both short- and long-term
strategies and mitigation plans will have
to be devised. It will be a challenge to
find solutions that keep residents cool
while also not further contributing to
climate change. In 2021, Portland State
University announced it was piloting
a new academic program, Emergency
Management and Community Resilience. The move signals that heat-mitigation strategies could start being
explored at the university level, to equip
a new generation with strategies that
will address this existential threat.

• Phoenix City Council Office
of Heat Response & Mitigation
• The City Champions for Heat
Action initiative
• Extreme Heat Resilience Alliance
• Portland State University
• Miami-Dade County
• Los Angeles City Council

© 2022 Future Today Institute
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1ST YEAR ON THE LIST

Climate Politics

COP26 concluded with the Glasgow Climate
Pact, calling 197 countries to report their progress
toward more climate ambition this year, at
COP27.
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KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

As the existential
threat of climate
change becomes more
pronounced, world
governments are
implementing more
regulations around the
reduction of carbon
emissions. Government
intervention will be
imperative to reverse
the negative effects
of climate change,
especially if projections
for net-zero emissions by
2050 are valid.

Governments regulating climate activities
are not doing so with the same sense of
urgency. Germany has aggressive greenhouse gas reduction laws, with targets
of 65% reduction by 2030, 88% by 2040,
neutrality by 2045, and negative emissions by 2050. These targets are even
more aggressive than the European Commission’s goals of 55% reduction by 2030
and net zero by 2050. Yet activists argue
that France’s climate laws are not ambitious enough: A French law intended to
overhaul the transportation, housing,
and food industries aims to reduce greenhouse gas emissions by just 40% by 2030.
After reversing many climate-related regulations under previous administrations,
the U.S. rejoined the Paris Agreement
in 2021 and is striving for 50% emission
reduction by 2030 and net zero by 2050.
Climate progress hinges on China, as the
country produces more carbon emissions
than all developed nations combined. In
2020, China President Xi Jinping declared
that the country would aim for an emissions peak by 2030 and neutrality by 2060.  

After a year delay due to COVID-19, the
United Nations Climate Change Conference (COP26) convened in Glasgow
in November 2021. World leaders made
progress in many areas to help limit
global warming to 1.5 degrees Celsius,
as established by the Paris Agreement
but overall left much to be desired.
They’ve agreed to return this year with
stronger 2030 emissions targets. Beyond addressing carbon emissions, the
Glasgow Climate Pact outlined reductions for the use of coal, one of the dirtiest fossil fuels. The International Energy
Agency holds that rapidly phasing out
coal production is necessary if there is
any hope of staying within the 1.5-degrees goal. China and India caught scrutiny as they amended language in the
agreement to commit to “phase down”
the use of coal, rather than previous
language to “phase out” coal. More aggressive action is needed to ensure the
world collective the specific goal to limit
global warming.

• Germany’s Citizens’ Assembly
• Global Assembly
• The Citizens’ Convention on Climate
• Glasgow Financial Alliance for
Net Zero

© 2022 Future Today Institute
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3RD YEAR ON THE LIST

Green Stimulus Plans

The Chicago Sunrise Movement rallies for
a Green New Deal.

12

KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

Green stimulus plans are
government measures to
stimulate the economy
while promoting clean
energy, responding to climate change, encouraging biodiversity, and protecting the environment.
Government incentives
offer lucrative opportunities for companies poised
to enter new markets,
thus creating mutually
beneficial circumstances
for both the environment
and business.

Green stimulus plans have previously
been introduced in China and Europe.
While many economic stimulus packages issued after the start of the COVID-19
pandemic failed to support areas relating to climate change or biodiversity
loss, spending in these areas is slowly
trending upward as more countries
begin to follow the lead of China and
Europe. Of the $14.9 trillion in stimulus spending by the world’s leading
economies, $1.8 trillion went toward
reducing pollution in energy, transportation, farming, and waste. In a break
from previous administrations, the U.S.
passed the Bipartisan Infrastructure Investment and Jobs Act in 2021. This law
allocates $1.2 trillion for an assortment
of investments, $108 billion of which is
meant for upgrading the country’s electricity grid with more environmentally
friendly smart-grid technology. It also
allocates $7.5 billion for electric-vehicle
chargers and $5 billion for zero-emission buses.  

Job creation for green R&D investments
is low relative to other industries but
could still be impactful. A U.K. nonprofit has released a report estimating
that COVID-related job losses could
reach 1 million in the country by the
end of 2022 and 2 million in the next
decade. The report further suggests that
these outcomes could be lessened with
employment opportunities in low-CO2
sectors. Specifically, focusing on green
and digital infrastructure, R&D, and
energy and care could help create 1.2
million jobs within two years and 2.7
million over the next decade, offsetting
the pandemic-related declines. Going
even further, lucrative opportunities
for businesses can result from carbon
capture and removal, industrial decarbonization, water reuse, desalination,
and energy storage, as long as more
government agencies incentivize these
initiatives moving forward.

• Green New Deal UK
• Carbon Brief
• League of Conservation Voters
• U.S. Rep. Alexandria Ocasio-Cortez
(D-N.Y.)
• U.S. Sen. Edward Markey (D-Mass.)
• International Energy Agency

© 2022 Future Today Institute
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2ND YEAR ON THE LIST

Large-Scale Direct
Air Capture

Climeworks has a direct air carbon capture plant
in Iceland.
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KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

Direct air capture (DAC)
technology pulls carbon
dioxide from ambient
air and is not required to
capture it at the source of
production, making this
process more versatile
than other carbon-capture methods. The CO2
can be permanently
stored in deep geological
formations or used to
produce new industrial
products, such as fuels
and chemicals.

According to the International Energy
Agency, 19 direct air capture plants are
operating globally. Of those, 15 are run
by Climeworks, which also just brought
the world’s largest DAC plant online in
September 2021 in Iceland. This plant
captures 4 kilotons of CO2 per year and
stores it in basalt formations. In the
United States, a larger DAC facility is
being built by development company
1PointFive, which plans to begin operations in 2024. It is projected to capture 1
megaton of CO2 per year.

Carbon dioxide levels are higher today
than they have been in the past 800,000
years. CO2 leads to global warming, and
that has a cascading effect on business
and society. While it is more challenging
and costly to pull CO2 directly from the
air, rather than capturing it directly at
the source, the benefit of DAC is that
the operation can be done anywhere,
while not requiring the identification
and cessation of polluting activities.
The viability of direct air capture will
increase as organizations move to bring
the cost of technological carbon removal to under $100 per ton. Companies
and organizations such as Microsoft,
Stripe, Swiss Re, and the band Coldplay
are already turning to DAC to offset their
carbon activities.

• SoCalGas
• 1PointFive
• Oxy Low Carbon Ventures
• Carbon Engineering
• Occidental Petroleum
• Bill Gates
• Microsoft
• Storegga
• Climeworks

© 2022 Future Today Institute
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SCENARIO

Cloudy with a Chance of Firenados • Near-future pessimistic scenario

Cloudy with
a Chance of
Firenados
By 2030, weather apps no longer
limit their forecasts to temperature,
rain, sleet, snow, and wind. These
apps also show when extreme
weather is likely, whether it’s a
firenado, plastic rain, smoke clouds
with orange skies, extreme flooding
or major drought.

14
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4TH YEAR ON THE LIST

Predicting Sea Level Rise

Glacier melt has accounted for 21% of sea-level
rise dating back two decades.

15

KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

It is becoming easier
to understand how ice
sheets and sea levels
change over time. While
sea-level rise will result
in less habitable land,
not all outcomes are
predictable. In the years
ahead, there will be
more focus on trying to
measure, interpret, and
intervene in the rate of
change.  

As the planet warms at an increasing
rate, 2021 brought deadly floods to
Germany and Nigeria, and concerning
melting incidents to the Arctic. A recent
study by the European Geosciences
Union proposed a new method to quantify the rise of sea levels: By comparing
historical data with the sea’s sensitivity
to warming, the study found that the
Intergovernmental Panel on Climate
Change’s projection of 39 inches of sea
level rise by the end of the century to
be conversative. The figures could be as
much as 10 inches higher per century,
according to the study. To underscore
this global threat, an additional study by
Nature Communications suggested that
by 2100, a 1-meter sea-level rise with
zero population growth will result in 410
million people living on land less than 2
meters above sea level.  

 is difficult to overstate how signifiIt
cantly rising sea levels will impact
human and animal migration, and
the global supply of food. Many of the
scientists studying the impact of rising
seas are focusing on long-term scenarios, but Aljosja Hooijer, a specialist
water resources expert for Deltares,
emphasizes that sea-level rise is already
happening in parts of the world, mostly
in the tropics, Southeast Asia, and Nigeria. While developed countries such as
the U.S. regularly run remote sensing
called LiDAR to keep track of sea-level
change and plan to implement walls
and barriers to protect coastlines. The
most vulnerable countries in the Global
South will more likely have to rely on
effective evacuation and increased
humanitarian aid.

• Deltares
• European Geosciences Union
• Climate Central
• Princeton University
• The Potsdam Institute for Climate
Impact Research

© 2022 Future Today Institute
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4TH YEAR ON THE LIST

Extreme Weather Events

The hottest July on record in the United States
led to hundreds of fires that burned more than 1
million acres.
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An extreme weather
event is one that falls outside the statistical norms
of typical fluctuations
in weather patterns.
Such events became a
more frequent and pronounced worldwide phenomenon in 2017, and we
have been experiencing
them since.  

The past decade was the warmest on
record worldwide. Since 1901, the
average surface temperature rose an
average rate of 0.17 degrees Fahrenheit
per decade. In 2021, North America experienced the hottest June in 127 years,
averaging 4.2 degrees above normal and
delivering heat waves that broke records
across the Southwest and West, the
Pacific Northwest, and Western Canada.
The U.S. also experienced more than
eight weather and climate disasters in
just the first six months of 2021—costing taxpayers more than $1 billion per
event. Droughts caused devastating
wildfires: In the first seven months of
2021, 3 million acres were consumed
by fire. In other parts of the world, July
also brought destruction. Storms dropping 15 centimeters of rain in 24 hours
caused flooding and massive landslides
in Europe and killed 196 people in Germany and Belgium. Estimates suggest
that these floods were nine times more
likely because of climate change.

Extreme weather is the new normal.
Tropical storms move more slowly than
they did 40 years ago, lingering longer
and causing more damage. A leaked
draft report from the Intergovernmental
Panel on Climate Change, obtained by
a French news agency, issued a stark
warning: “The worst is yet to come.”
The report suggests the future will be
fraught with more mass extinction,
lengthier fire seasons, food system losses, ecosystem collapses, further rising
sea levels, increased spread of disease,
and dangerously high temperatures.
The report also implies that those least
responsible for climate change will suffer inordinately more. To make matters
worse, current trends project that we
are headed toward 3 degrees Celsius
above mid-19th century levels at best,
despite the Paris Agreement’s 2015 vow
to not exceed 1.5 degrees Celsius.

• National Centers for Environmental
Information
• Intergovernmental Panel
on Climate Change
• Chooch Intelligence Technologies
• DroneSeed
• Jupiter
• Ladera Tech
• Severe Weather Information Centre
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5TH YEAR ON THE LIST

Human Migration
Patterns Shift

In February 2021, East Jakarta, Indonesia, was
hit with heavy rain and flooding that inundated
neighborhoods.
© UNICEF/UN0421878/Wilander
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There’s no official
designation for “climate
change refugees,”
and as more people
become displaced
worldwide, climate
migrants will face
added complications.
By 2050, as many as 1
billion people could
be displaced. Even in
the most optimistic
scenarios, tens to
hundreds of millions
could be forced to leave
their homes.

In a six-month span from September
2020 to February 2021, 10.3 million
people were displaced due to climate
change–driven events, such as flooding and droughts. A majority of these
impacted individuals were in Asia. In
contrast, only 2.3 million were displaced
due to conflict in the same span of time.
According to the Children’s Climate Risk
Index, 1 billion children reside in areas
that are considered extremely high risk
from the impacts of climate change. A
more conservative report by the World
Bank projected that 200 million people
could be displaced because of climate
change by 2050, while The Institute for
Economics and Peace put that number
at up to 1 billion.

Throughout the world, climate change
is becoming a national security issue
as monsoons, droughts, and scorching
heat drive millions of people away from
their homes in search of more hospitable environments. From Nicaragua to
South Sudan, climate change is already
creating shortages in food, potable
water, land, and other natural resources. Because the United Nations refugee
agency still does not qualify climate migrants as refugees, climate migrants face
complications finding recourse from
these life-altering disasters. To further
exacerbate matters, additional conflict
can arise between climate migrants and
their host communities as they compete
over resources. Additionally, millions of
individuals displaced by climate change
become subjected to modern-day
slavery, debt bondage, prostitution, or
forced marriages. This raises the stakes
if world powers do not collectively work
toward drastically cutting greenhouse
gas emissions and increasing education,
training, and jobs for migrants.

• The Institute for Economics
and Peace
• Refugees International
• UNICEF
• Refugee Investment Network
• Startup Refugees
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2ND YEAR ON THE LIST

Plummeting
Biodiversity

Human activity such as air pollution is leading
to unprecedented levels of biodiversity loss.
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We’re living through a
strange contradiction:
We may seem to be in
close contact with an
ever-increasing number
of wild animals and novel
pathogens, but in reality,
our planet’s biodiversity
has plummeted. This
is not only a planetary
injustice, it puts humans’
survival at risk.

The human race accounts for less than
0.01% of the biomass on Earth. Yet
human activity is at least partly responsible for vertebrate species declining by
an estimated 70% on average in the past
half century. The main ways humans
do this are by destroying habitats with
resource extraction, mass consuming
natural resources, and polluting. These
continued habits could lead to the
extinction of one-third to one-half of all
species by the turn of the century. The
U.N.’s Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem
Services projects that 1 million animal
and plant species are at risk of destruction, including 40% of all amphibian
species, 33% of corals, and 10% of
insects.

The recent collapse of insect populations in Puerto Rico and Germany had
a cascading effect: Pollinators disappeared, plants failed to germinate and
grow, and wildlife lost their habitats and
food sources. Seemingly insignificant
changes in ecosystems actually have a
disproportionately severe impact. While
species are disappearing at alarming
rates globally, consensus is emerging
that this may not be true on the local
level. Some species and ecosystems
are crashing, yet others are affected at
slower rates, and some are even remaining steady or thriving. This does not
negate the problem, however. Thriving
ecosystems rely on new species moving
in when older ones leave or die out.
Even small ecosystem changes at the
local level have significant importance,
as they provide food, fresh water, fuel,
and pollination for many organisms and
even humans.

• International Union for Conservation
of Nature and Natural Resources’
Red List
• Yale University Office of Sustainability
• The Convention on Biological
Diversity
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2ND YEAR ON THE LIST

Plastic Rain

Fine plastic parts float in the sea off the Greek
island of Crete.
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Microplastics are
everywhere. They float
through our waterways,
get carried into seawater,
and evaporate into
clouds, which then
disperse and redistribute
the plastics in rain—even
in protected natural
habitats like national
parks and the French
Pyrenees. Plastic rain is
the new acid rain.

After a 14-month study that evaluated
levels of microplastics in rainwater, new
modeling indicates that more than 1,100
tons of microplastics are hovering above
the Western United States. That’s the
equivalent of 120 million plastic water
bottles falling from the sky, contaminating remote locations on the continent.
Surprisingly this new modeling also
indicates that 84% of airborne microplastics in Western North America come
from roads outside major cities. The
ocean is likely responsible for another
11% of the plastics lingering overhead.
These microplastics, which are smaller than 5 millimeters, can come from
plastic bags and bottles that break down
after use or even from cleaning synthetic clothing in washing machines.

A recent study published in Nature
found that microplastics are reflecting
sunlight back into space, resulting in
a very slight cooling of the environment. However, this unintended case of
geoengineering is ultimately bad for the
climate and could result in making the
climate hotter over time. Additionally,
scientists don’t yet know the long-term
effects of inhaling or swallowing nanoplastics—additionally microbes and
viruses are certainly capable of hitching
a ride on tiny plastic particles. Research
from the National Academy of Sciences
attributes the recent increase in microplastics in our environment to pandemic-related changes in consumption and
habits, as the demand for single-use
plastics has increased since early 2020.
This indicates that significant changes
can result in a short period of time and
from seemingly innocuous changes in
habits.

• National Academy of Sciences
• Sea Turtles Forever’s Blue Wave
initiative
• VTT Technical Research Centre
of Finland
• U.S. National Oceanic and
Atmospheric Administration
• European Chemicals Agency
• Parverio
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2ND YEAR ON THE LIST

Rewilding

The startup Colossal wants to bring thousands of
woolly mammoths back to Siberia.
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Rewilding is an integrative approach to environmental conservation and
rehabilitation that focuses on the reintroduction
of keystone species and
the creation of safe corridors by which species can
freely migrate. With climate change increasingly
disrupting wildlife habitats and newly accessible
technologies offering
innovative rewilding techniques, the decades-old
approach is taking on
renewed significance.

The restoration of apex predators, keystone species (so-called ecosystem engineers), and beneficial plant life in native
habitats can help revive natural communities, even after decades of drastic
decline. This action is also known as
translocation rewilding. Passive rewilding merely attempts to reduce human intervention in ecosystems, thus
surrendering human-cultivated land
back to nature. A third form of rewilding, Pleistocene rewilding, aims to
reintroduce species or descendants of
megafauna species from the Pleistocene
era. Proponents of this practice arguing
that the extinction event that happened
almost 12,000 years ago left the ecosystem unbalanced. A team of scientists
and entrepreneurs at the startup Colossal intends to do just that. In 2021 the
company announced plans to genetically resurrect the woolly mammoth and
reintroduce it to the Siberian tundra.

Environmental conservation will
require a suite of new technologies to
actively reverse human-made damage
and facilitate coexistence between
nature and the industrialized world. If
an integrative approach becomes the
standard for corporate sustainability
initiatives, rewilding will lead to market
growth that benefits landscape architects, agriculture executives, automotive engineers, and real estate agents,
among others. The acts of removing
human intervention from certain ecosystems and repopulating endangered
animals in specific locations can result
in reduced carbon emissions. However, misuse or poorly applied instances
of rewilding could carry risks, such as
harming biodiversity and alienating
communities. As organizations move to
undertake drastic forms of Pleistocene
rewilding, these risks will have to be
weighed against the potential positive
impact ushered in by de-extinction
practices.

• WildEast
• Colossal
• Pleistocene Park
• Citizen Zoo
• The Rewild London Fund
• The Rewilding Institute
• Rewilding Europe
• Yale School of the Environment
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3RD YEAR ON THE LIST

Seasteading

The city of Busan has approved an ambitious
ocean settlement consisting of a series of interconnected platforms.
OCEANIX/BIG-Bjarke Ingels Group.
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Seasteading is a colonization process wherein
permanent human dwellings and settlements
are constructed at sea.
Although seasteading
has previously been
discussed as a way to
establish utopian societies beyond government
reach, the innovations
that would make such
colonies possible might
also serve governments
aiming to protect citizens
from future flooding and
rising sea levels.

In 2008, Google engineer Patri Friedman (grandson of Nobel Prize–winning
economist Milton Friedman) founded
the Seasteading Institute with funding
from venture capitalist Peter Thiel. The
goal: to set up a permanent community that could experiment with novel
political and legal systems. In 2020,
Grant Romundt, Rüdiger Koch, and
Chad Elwartowski set out to build their
utopian dream. They purchased a cruise
ship, renamed it the MS Satoshi, and
planned to build a society off the coast
of Panama free from taxes, regulations,
and fiat currency. Much to their disappointment, after four months, the three
ceased operations of their seasteading
experiments as strict regulations of the
cruise ship industry made it untenable.
UN-Habitat, the U.N. agency that covers
urbanization, is working with Oceanix
to build a floating city off the coast of
Busan, South Korea. The project is projected to cost $200 million and could be
completed by 2025.  

Whether or not the utopian dream of
new governments and innovative legal
systems pans out, the architectural
research being conducted now could
prove fortuitous: With sea levels rising,
future communities may need to be
built at sea that incorporate renewable
energy sources, indoor vertical farms,
and underwater communications
systems. Oceanix’s Busan project with
UN-Habitat reveals such tensions. These
innovations will help build flood-proof
habitats in ocean settings, but there are
no plans for residents of Busan’s floating
habitat to benefit from any special rules
or provisions. The visionary views of
seasteading are now being appropriated
by small governments for venerable but
less than utopian applications.

• UN-Habitat
• Oceanix
• Seasteading Institute
• Ocean Builders
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3RD YEAR ON THE LIST

Managing Digital
Emissions

Our homes produce digital emissions with every
post, command, and search we do.
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Small, individual actions
collectively contribute to
a global impact on greenhouse gasses, but many
consumers lack awareness of their contributions. Companies are
leading initiatives to reduce energy costs, for example by relocating data
centers to cold climates.
Edge computing and 5G
will reduce reliance on
server farms for data
processing, lowering the
digital carbon footprint
even further.

More than half of the global population
uses the internet, and contributes to
the rise of digital emissions. Because
energy consumption accounts for a
significant financial cost, universities
and technology companies are making
digital tasks more efficient. Stanford
University is exploring how to make
machine learning “green” with less energy-intensive algorithms and training
sessions. Google is locating data centers
in cold climate countries where nature
provides free cooling for IT equipment,
and the company is looking at more
energy-efficient computer chips. Rather
than relying on chips built for graphics
processing, researchers discovered that
neural network–specific designs can be
five times more energy-efficient when
training an algorithm.

Reducing digital emissions will be
important for businesses to hit company-wide emissions targets. Organizations
are scrutinizing entire value chains for
ways to limit the environmental impact
of our digital lives. Internet service
providers can now allow consumers to
select routing based on the lowest carbon footprint, using the SCION internet
architecture. These “green” networks
should offer ISPs a competitive edge in
cutting the carbon footprint of digital
infrastructure. With the proliferation of
5G networks and edge computing, data
processing will also become more localized rather than sent long distances for
processing in the cloud—and that may
also reduce energy usage. Regulation
could force corporations to change how
they use energy and require systems to
track, monitor, and verify compliance.

• SCION
• Washington University in St. Louis
• The Korea Advanced Institute
of Science and Technology
• DigiPlex
• Cloudflare
• Nokia
• Ericsson
• Firefox
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SCENARIO

Skin Care for the Anthropocene • Mid-future pessimistic scenario


The
climate has changed.
Has your skin care?
All-in-one protection from the full range of today’s
environmental harms.
SPF 150+

Won’t clog pores

Phthalate-free

Effective defense against*:
Plastic Rain

Microbes

Acid Rain

Ozone

Necrotizing Pathogens

Nitrogen Oxides

Airborne Carcinogens

Carbon Monoxide

UVA/UVB/UVC Rays

Sulfur Dioxide

Scan to receive a personalized
formula for your own microclimate.
*These statements have not been evaluated by the Food and Drug Administration.
This product is not intended to diagnose, treat, cure, or prevent any disease.
Not intended for use in extreme climate crisis zones.
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8TH YEAR ON THE LIST

Anthropocene Age

Human action has left an indelible mark on Earth.
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Whether a geological
epoch or merely an
event, our current
time period—the
“Anthropocene” (anthro
for “man,” and cene for
“new”)—is defined by
the indelible mark that
humans have left on
Earth. The future will tell
if our impact remains
damaging, or if we set a
more positive trajectory
for our planet.

A new epoch follows a cataclysmic
event. (For example, mass extinction
of the dinosaurs followed an asteroid
colliding with Earth.) Such events
significantly and permanently alter the
sedimentary and rock layers beneath
the planet’s surface. In 2018, an international, independent team of scientists, called the Anthropocene Working
Group, was moved through evidence to
support the official declaration of a new
geological epoch. Some critics question
this move, pointing out that while other
epochs have spanned millions of years,
this selection of time dates back 400
years at most, and perhaps as few as 75
years. Given such timelines, if, as a species, we continue our reckless ways, the
climate may be untenable for human
life well before epoch status is achieved.
The situation is dire—unless we discover how to channel this direct impact on
climate to reverse trends.

While scientists can get caught up in the
debate over whether the Anthropocene
is actually a geological epoch, or merely
an event, the climate crisis and biodiversity collapse indicate that we are in the
Age of Humans, a time when humanity
is knowingly shaping the planet, rather
than the planet shaping our species.
The United Nations Development
Programme has noted that the Anthropocene is the era “in which the dominant risk to our survival is ourselves.”
Recognizing that humans have made
a permanent, visible mark on Earth is
the first step in studying the implications for our planet’s future. If we fail
to recognize and take accountability for
our culpability in these areas, the risk of
demise could be realized more quickly
than anticipated.

• Anthropocene Working Group
• International Union of
Geological Sciences
• The Nature Conservancy
• Union of Concerned Scientists
• U.S. Geological Survey

© 2022 Future Today Institute

No one disputes that people are a significant
shaping force on our planet—but exactly how
those impacts will be incorporated into the
geologic record has been trickier to define,
in part because the ‘how’ and ‘when’ of those
impacts has varied across the globe.
— Jacquelyn Gill, associate professor of paleoecology and plant
ecology at the University of Maine
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9TH YEAR ON THE LIST

Green Tech

Mycelium could become an alternative material
to plastic foams, such as polystyrene.

26

KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

Fighting climate
change will require a
multipronged approach.
As a species, we will
have to adapt and
create new habits, but
along with that, green
technologies will be
incorporated in our
strategies to reduce and
even reverse our shortand long-term impacts
on the environment.

More money than ever is being invested in climate and green technologies.
Recently, two asset managers, TPG
and Brookfield, closed $12.4 billion in
climate investment funds in one day, a
substantial increase over funds committed to such technology in the past.
The U.S. is undertaking a path to install
offshore wind farms with the goal of
producing 30 gigawatts of capacity by
2030. Yara International, a Norwegian
company, has developed the world’s
first zero-emission, fully electric ship.
South Korea just brought online one of
the world’s largest floating solar plants,
which is capable of collecting 41 megawatts of power. The Korea Energy Economics Institute reports that floating
solar power is set to quadruple by 2025.
Australia just invested $738 million to
fast-track nascent low-emissions technologies, including carbon capture and
storage.

Climate change and new regulatory
efforts could force the world to look
for new, sustainable sources of energy,
especially as species-wide changes to
our actions and habits take shape slowly
or not at all. As green tech begins to
mature, new technologies and scientific
breakthroughs continue to generate
significant interest. Investments are
growing as more governments pledge
funding for green-tech solutions that
double as economic recovery efforts.

• LanzaTech
• Air Company
• Twelve
• Carbios
• CO2 Solutions
• The Ocean Cleanup
• Biome Markers
• Algenesis
• Efforce
• Fuergy
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Green Tech Trends

Ocean Iron Fertilization
Wind transports dust from the Sahara to
the Atlantic, and iron contained in the
dust fertilizes the growth of phytoplankton in the ocean. Over time, phytoplankton use sunlight, nutrients, carbon
dioxide, and water to produce oxygen
and nutrients for other organisms—in
fact, these microscopic organisms feed
the oceans’ fish and animals and are
responsible for producing around 50%
of the air we breathe. In 2022, experiments will test whether it’s possible to
supercharge and speed up the process
by intentionally dropping large iron
deposits in oceans. If it works, scientists
believe that iron-rich phytoplankton
could absorb between 10 billion to 30
billion tons of greenhouse gasses each
year.
The Ocean Cleanup was able to collect 20,000 pounds of trash from the Pacific Trash Vortex.

CO2-Based Materials
Carbon dioxide captured from smokestacks or even just from the air sur-
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rounding us can be repurposed to
make a vast array of materials. The
production of cement, a core component of concrete, is responsible for 7%
of total global carbon dioxide emissions.
Engineers are working to fundamentally
change concrete technology, to create
CO2-infused concrete that not only
locks up greenhouse gasses but is stronger and more bendable than traditional
concrete. Recycled carbon emissions
have also been used by LanzaTech and
Lululemon to create fabrics for activewear. CO2 is also used to manufacture
diamonds, and Air Company even uses
it in the production of impurity-free
vodka. The company Twelve has used
CO2 in the production of jet fuel, parts
for car interiors, ingredients for laundry
detergents, and lenses for sunglasses.
CO2 has been used in innovative ways to
manufacture new materials, but whether consumers will accept them remains
to be seen.

Bacterial Storage for CO2
Scientists are building tubular bioreactors, filling them with green algae,
and letting them eat away at the carbon
captured from the environment. Quebec
City–based CO2 Solutions genetically
engineered a strain of E. coli bacteria
to produce special enzymes capable of
eating carbon dioxide and converting it
into a harmless bicarbonate.

Plastic-Eating Enzymes
and Bacteria
Humans’ habitual use of single-use
plastics became even more pronounced
during the COVID-19 pandemic, as
people used more consumables and
disposable masks. Waste reduction will
depend on habit change, but additional
solutions might come in the form of
bacteria and enzymes. Dating back to
2016, scientists in Japan discovered
bacteria that could decompose plastic.
One day, researchers hope, industri-
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al-scale facilities could use enzymes to
decompose or eat large piles of plastics
in landfills, or to spray such enzymes
on the massive amounts of plastics that
accumulate in oceans and rivers. Until
then, French biotech company Carbios is leading the way by developing a
demonstration plant that will biodegrade PET plastic using enzymes and
bacteria. While bacteria cannot break
down plastics all the way back into core
elements, Carbios intends to convert
PET plastic into a feedstock for creating
more plastics.

Filtering the Ocean of Plastic
The notorious pile of trash floating in
the Pacific Ocean is bigger than first estimated. It is actually two distinct collections of garbage, collectively also known
as the Pacific Trash Vortex. In 2018, researchers found that it is 16 times larger
than original estimates, at least three
times the size of France, or a total of
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617,763 square miles. It is estimated that
the Pacific Trash Vortex alone accounts
for 1.8 trillion pieces of plastic. Collectively, 5.25 trillion pieces of plastic
are in the oceans, with 46,000 pieces in
every square mile. By 2040, the amount
of plastic in our oceans could triple.
Fortunately, a number of nonprofits and
startups have ambitious goals to clean
the oceans. In October 2021, nonprofit
The Ocean Cleanup demonstrated that
its installation named Jenny, which is
basically an artificial floating coastline towed between two vessels, could
catch plastic and then funnel it into a
net. During its trial, Jenny was able to
collect 20,000 pounds of trash out of the
Pacific Ocean, a small step toward The
Ocean Cleanup’s goal of removing 90%
of floating ocean plastic by 2040. While
this is evidence that a solution could
exist for clearing the Pacific Trash Vortex, scientists have discovered dozens of
coastal species now call the trash collec-

tion home. As we develop processes to
amend problems we have created, new
challenges arise.

Sandcastling Glaciers
Sand is stronger than we once thought.
A conservation project from Princeton
University seeks to build massive piles
of sand or other materials on the seafloor to serve as walls around glaciers—
like scaffolding to prevent them from
collapsing. Warm seawater far beneath
the surface of the ocean can destabilize
the foundations of glaciers, causing
pieces to break off and melt. Shoring up
their foundations could keep glaciers
submerged in the icy upper layers of
water, and—theoretically—prevent them
from melting. It’s not a perfect method
for all glaciers, but it can help.

Reflecting Sunlight
Scientists are working on building
enormous, mirrored parasols in the

stratosphere, with the idea that they
would reflect sunlight back into space
and theoretically cool the Earth’s
atmosphere over time. Alternatively,
the Keutsch Research Group at Harvard
University had grand plans to launch the
first-ever aerosol injection experiment
known as the Stratospheric Controlled
Perturbation Experiment. The scientists
had received financial backing from Bill
Gates to inject nontoxic calcium carbonate dust into the atmosphere. A trial
of the project was set to occur in the
summer of 2021 in Sweden, but a group
of Swedish environmental organizations
and the Indigenous Saami Council demanded that it be canceled. Due to the
backlash, the project was pushed back
to 2022 at the earliest.

Solar Radiation Management
This controversial technique, which
has not yet been tried at scale, involves
injecting tiny sulfur dioxide particles

into the sky that would reflect sunlight back into space. The idea comes
from volcanoes; scientists point to an
eruption 200 years ago that caused an
unusual cold snap, triggering unseasonal summertime frosts. The Climate
Intervention Biology Working Group, a
collaboration between Michigan State
University and Stony Brook University,
intends to pursue the volcano-inspired
idea. These researchers hope to create
an artificial cloud of aerosols in the
stratosphere. Ideally, this cloud could be
replenished and moved to specific locations to help achieve certain temperatures there. The group points out that
the technology needed to put aerosols
in the atmosphere to reflect sunlight are
cheaper and more easily attainable than
alternative practices such as sequestering carbon from the atmosphere. One
challenge is that an uneven distribution
of aerosols could affect local ecosystems
and result in increased acid rain.
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Cloud Injections

Cloud seeding is being used to mitigate drought and to temporarily reduce smog.
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This geoengineering technique, also
known as marine cloud brightening, targets low-level clouds over the ocean and
makes them more reflective by spraying
seawater into the air, thereby injecting particles of salt into the clouds. In
theory, as water vapor collects on the
surface of the salt particles, the result
is additional cloud droplets that reflect
more sunlight back into space. However, research from NOAA’s Chemical Sciences Laboratory and CIRES discovered
that this technique will require much
specificity and cannot merely rely on
spraying salt water into the air. If particles are too large, these large droplets
will collide with each other and descend
to the earth as rain. Particles that are
too small will result in increased evaporation and less cloud cover.

Bioengineered Trees
CO2 is the undisputed culprit when it
comes to climate change. But what if we
could just suck it out of the air? Trees do
that naturally, but after years of deforestation, we simply do not have enough
of them to make a sizable impact.
Scientists at Columbia University are
developing plastic trees that passively
soak up carbon dioxide from the air and
store it on a honeycomb-shaped “leaf”
made of sodium carbonate, similar to
baking soda. So far these fake trees
prove to be a thousand times more
efficient at soaking up CO2 than real
trees. The next challenge will be to purify the carbon dioxide or bury it safely
beneath the ground or the ocean floor.
One approach is to convert atmospheric
CO2 into carbon nanofibers that can
be used for consumer and industrial
products, including wind turbine blades
or airplanes. Another option comes

from chemists at George Washington
University who are experimenting with
what they dub “diamonds from the sky.”
The scientists bathe carbon dioxide
in molten carbonates at 750 degrees
Celsius, then introduce atmospheric air
and an electrical current on nickel and
steel electrodes. The carbon dioxide
dissolves, and carbon nanofibers form
on the steel electrode.

Mycelium Revolution
Mycelium is the vegetative part of a fungus, composed of thread-like filaments
of tissue known as hyphae. It is basically
the life-support system of fungus. Because mycelium is easy to grow and fully biodegradable, researchers have been
exploring alternative uses for it. The
company Ecovative is using mycelium
to close the loop of material production,
using mycelium in products to replace
plastic foam, plastics, and leather. My-
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celium also has potential for use in meat
substitutes. Because mycelium is nature
compatible, products using the material
can passively be returned to the earth at
the end of their life cycles. As the global
packing industry grows to an estimated
$50 billion later in the decade, mycelium could provide an alternative to
petroleum-based materials.

Ultra-White Paint

Xiulin Ruan, a Purdue University professor of mechanical engineering, holds up his lab’s sample of the
whitest paint on record.
Image credit: Purdue University.
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As the threat of global warming persists, engineers at Purdue University
have manufactured the whitest paint to
date. The engineers hope that coating
buildings with this paint could one day
eliminate the need for air conditioning.
They estimate that covering a roof area
of 1,000 square feet could produce a
cooling power of 10 kilowatts. This iteration of white paint reflects up to 98.1%
of sunlight by containing a high concentration of barium sulfate. This chemical
compound that results in the very reflec-

tive nature of the paint also comprises
different-sized particles. The varying
sizes of the particles create more reflectivity by scattering more light spectrum
from the sun. Purdue engineers testing
the paint discovered that it is capable of
keeping surfaces 19 degrees Fahrenheit
cooler at night and 8 degrees Fahrenheit
cooler during the day.

charging of clouds can cause small
droplets to collide and form bigger
droplets, to the point that they become
big enough to reach the ground before
evaporating. To create this electrical
charge, the UAE used drones that dispel
electrical charges.

Artificial Rainstorms
Parts of the Middle East and Africa
could be uninhabitable by 2050 due to
extreme heat. In an effort to help regulate heat in the Middle East, the United
Arab Emirates has begun trying to harness the power of rain. A video released
by a UAE weather agency showed heavy
rain falling in the region, something
that is rare in the desert. Even as clouds
form in desert climates, drops of rain
that do get heavy enough to fall from
these clouds often evaporate before
hitting the ground. However, electrical
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Growing Exotic Animals • Mid-future pessimistic scenario

Hunting endangered species has
always been a thrill of the top 1%.
Thanks to genetic cloning, animals are
created for the sole purpose of killing
them for millions of dollars in private
safari hunting parks. The cloning takes
mere months, and zoos made generous
donations of iced cell banks of species
such as leopards, rhinoceroses,
and gorillas. Meanwhile, efforts to
protect these species in the wild have
diminished due to environmental
changes and lack of funds, forcing the
privileged few to keep their practice out
of the public eye.

From: The HuntTM
To: wilson@trillionaires.com

Dear Mr. Wilson,
Thank you for your interest in The Hunt™ and our spectacular
experiences of hunting the rarest of species—animals that may
be near extinction or extinct in the rest of the world. It’s truly an
unmatched experience you’ll only find at our park.
You asked about the species currently available, and I’m happy to
report that our animals are exclusively made to order. The cloning
process takes about five months, and we usually wait until the
animal has reached maturity before releasing it into the safari.
While this requires some planning on your side (hunting
experiences are typically booked two to five years in advance,
depending on the animal), we have found that mature animals
increase the challenge of the hunt, making for a much more
enjoyable experience. Hunting immature animals is generally
discouraged, although exceptions are sometimes made for
inexperienced hunters (such as father-and-son hunting outings).
Please let me know if you have any further questions. I am happy
to assist in any way I can.

Sincerely,
Jeb | The Hunt™ | It’s just you against nature.
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4TH YEAR ON THE LIST

Environmental, Social and
Corporate Governance (ESG)
Programs

Teva became the first pharmaceutical company
to issue sustainability-linked bonds.
Photo Credit: Teva
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For various reasons,
companies of all sizes
are leading with sustainability as part of their
core values. Whether
driven by public opinion
to adopt better practices
or because better sustainability behaviors can
indicate to investors that
a company can better
anticipate future risk,
companies are reporting their environmental,
social, and corporate
governance (ESG) efforts
now more than ever.

Salesforce has been a proponent of
responsible capitalism. At its yearly
conference, Dreamforce, the software
company announced in 2021 that it had
reached effective net-zero energy usage
in its entire value chain. To achieve this,
Salesforce has implemented 100% renewable energy whenever possible and
purchased carbon offsets when not. The
company also offers its proprietary Sustainability Cloud as a software product
to other organizations, enabling them to
better manage their own climate efforts.
Drug manufacturer Teva Pharmaceuticals made an uncommon move to sell
$5 billion in bonds with links to sustainability measures. Teva will release
performance reports on climate action
as well as on the availability of medications to lower-income countries. If the
company fails to meet its established
goals, investors will receive higher payments. This could create a new precedent for companies holding themselves
accountable to their ESG goals.

There are now 534 index funds centered on sustainability, overseeing a
combined $250 billion in assets. The
industry could grow to an estimated
$53 trillion by the end of 2022. Over the
past several years, investors have asked
companies to provide reporting to back
up their environmental, social, and
governance promises, and many have
responded with annual ESG reports.
Independent agencies such as MSCI,
Sustainalytics, and S&P Global conduct
ESG ratings of other organizations, but
there is little consistency between the
groups. Topl, a blockchain ecosystem,
wants to help companies verify their
ESG claims with full transparency and
traceability. Such technology could one
day be used to standardize the practice
among independent rating institutions,
placing more responsibility on corporations to clean up their acts.

• Salesforce
• Facedrive
• Topl
• Teva Pharmaceuticals
• Autodesk
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Environmental, Social and Corporate Governance (ESG) Programs

Strategic Sustainability Plans

COP26 brought together 120 world leaders and
more than 40,000 registered participants to discuss
climate change, sustainability plans and policy
solutions to secure a net zero world.

Unilever’s Sustainable Living Plan sets
sustainability targets for sourcing, supply chain, and production throughout
its operations. A decade ago, Unilever
announced it would double its business
while cutting its environmental impact
in half. Allergan, the maker of Botox,
developed ways to conserve water and
energy in its operations and supply
chain. Patagonia sets the pace for every
industry: It encourages repairing rather
than replacing its products, it uses natural rubbers and upcycled plastic bottles,
and it strives to minimize packaging
waste. Two years ago, Patagonia took its
sustainability efforts a step further, saying it would produce custom-logo vests
and jackets only for companies that can
prove they align with Patagonia’s corporate values.

Supply Chain Sustainability
Supply chains are inherently challenging when it comes to ensuring sustainability. Disparate elements that hinder
sustainability include energy use, labor
conditions, cold-chain carbon emissions, and contamination of local environments. However, more companies
have started reporting their ESG policies
for suppliers. Such a move could become mandatory for some global multinationals. In 2021, Germany passed
new laws that force bigger companies to
establish due-diligence procedures that
prevent human-rights and environmental abuses within their global supply
chains. Companies will also be required
to report any misdeeds by foreign
suppliers. This could set a precedent
for more governing bodies to establish
similar regulations as a means of monitoring global supply chains. To improve
industry sustainability, H&M has piloted

Treadler, a service that outsources the
supply chain to smaller companies in an
effort to help them overcome barriers
and accelerate sustainable change.

Shipping Industry ESGs
It’s no mystery that the shipping industry is a huge contributor to climate
change due to its carbon dioxide emissions and unquenchable thirst for fuel.
Shipping accounts for 90% of world
trade and contributes 3% of the world’s
CO2 emissions. An estimated $2.4
trillion will be needed for the industry
to reach net-zero emissions by 2050.
Shipping companies are feeling increasing pressures as ESG-driven requests
are prompting more actions from banks
that finance these operations. Shell Oil
attempts to improve fuel efficiency with
air bubbles. The oil company installed a
new system on the hull of a ship developed by London-based Silverstream

Technologies. Steel boxes welded to the
ship’s hull and air compressors create
a layer of microbubbles between the
vessel and the water. The improved
hydrodynamics of this design helped
the ship move faster and more easily
through the water, and resulted in 5%
to 12% fuel savings. Meanwhile, the
market for hybrid and electric boats is
growing. The world’s first autonomous
electric container ship, Yara Birkeland,
completed its first trip in Norway, traveling 8.7 miles. While short in nature, this
first voyage has deeper implications for
an industry feeling the added pressures
to go green.

Credit: UNFCCC
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1ST YEAR ON THE LIST

Electric Wind
KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

Also known as ionic
wind, electric wind is
created when charged
particles move between
electrodes in the air. As
molecules collide, they
transfer momentum
and generate a breeze.

The propellers and turbines that lift
airplanes into the sky are powered by
fossil-fuel combustion. What if electric
wind could allow planes to fly without
needing moving parts at all? In 2018, a
prototype called the EAD Airframe V2
was the first plane to fly using electric
wind as thrust. The Adriatic Sea is home
to some of the most intense winds in
the world—bridges in Slovenia and
Croatia are closed often due to unsafe
conditions. Researchers are developing
electric wind generators, which could
be fixed to bridges and automatically
calm wild winds to ensure safe passage
for truck and car drivers.

Harnessing the wind is a promising
concept—but will it scale up? Induced
breezes could eventually power certain
types of aircraft. Tweaks to current
automobile designs could leverage wind
technology for greater efficiencies and a
reduced reliance on both fossil fuels and
electricity.

• Jožef Stefan Institute
• KTH Royal Institute of Technology
• MIT Lincoln Laboratory
Autonomous Systems Line
• King Abdullah University of
Science and Technology

An MIT plane is propelled by electric wind.
Image credit: Christine Y. He/MIT News Office.
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3RD YEAR ON THE LIST

Building Better Batteries

Tesla’s attempt at a million-mile battery could give
new life and applications for batteries after their
initial use in an electric vehicle.
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The race to produce a
lighter, more efficient
battery is more
competitive than
ever. New technology
promises to extend the
life of car batteries,
which could reduce the
degradation process
and allow batteries to
outlive the vehicles
they power, providing
new applications at a
vehicle’s end of life.

With Tesla’s development of the “million
mile” project, the company has extended
its partnership with Jeff Dahn, perhaps
the world’s preeminent lithium-ion battery researcher, by five years. Exploring
lower cost and extended life span, this
research also focuses on increasing energy density, safety, and the use of sustainable materials. After initial use in sports
cars, million-mile batteries could be
repurposed for fleets of electric cabs, and
later for grid energy storage and backup
power systems. Alternatively, Ford and
BMW are heavily investing ($130 million)
in a startup called Solid Power, which is
researching solid-state batteries. While
not yet used in mass-market cars, this
technology promises greater energy density, increased safety, and longer range for
electric vehicles. Another safer alternative, graphene aluminum-ion battery cells
from Graphene Manufacturing Group,
can charge 60 times faster and hold three
times more energy than other batteries.

As climate change intensifies, batteries
will become increasingly essential, not
just for vehicles but for power storage
systems and grid technology. Better,
longer-lasting batteries improve energy
usage and efficiency, while allowing us
to communicate, connect, and continue daily activities during energy disruptions. Realizing the importance of
battery technology, the U.S. Department
of Energy has funded $209 million for
26 new laboratory projects focused on
electric vehicles, advanced batteries,
and connected vehicles. As EVs become
more standardized, the technology will
serve dual purposes, as vehicle-to-grid
technology catches on. EVs will help
stabilize the grid during peak energy
times and serve as backup power supplies during power outages. By 2027, the
global battery market could reach $310.8
billion. As batteries begin to hold longer
charges and can be recharged in substantially shorter periods of time, more
applications will become known.

• Northvolt
• Redwood Materials
• Solid Power
• Ford
• BMW
• QuantumScape
• Contemporary Amperex Technology
• Tesla
• General Motors
• Panasonic
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2ND YEAR ON THE LIST

Fusion Power

A rendering of Commonwealth Fusion Systems’
compact nuclear fusion reactor known as SPARC.
Photo courtesy of Steve Jurvetson/ Flickr.
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While the promise
of break-even fusion
power still might be
more than a decade
away, milestones are
making it more palpable.
Appropriating the
process that serves as
the power source of
stars is one of the more
encouraging options
for producing cleaner
energy.

Until recently, only state-run fusion
projects could establish the necessary
resources to undertake large-scale
fusion projects. The world’s largest
fusion effort, ITER, is propped up by
35 nations, receiving at least $22 billion
in support to build its tokamak system,
a machine that uses magnetic fields to
confine plasma to create fusion power. Cambridge, Massachusetts–based
Commonwealth Fusion Systems, on
the other hand, strives to have the first
net-energy fusion device by 2025 by
employing high-temperature superconductors that will enable smaller and
more cost-effective tokamak technology.
Its fusion system, SPARC, is projected
to be one-fortieth the size of ITER. The
company will benefit from investments
totaling $1.8 billion from investors
including Bill Gates, George Soros, and
John Doerr. A competitor backed by Jeff
Bezos, General Fusion, recently raised
$130 million to build a fusion demonstration plant in the U.K.  

While the fusion-technology sector has
traditionally been limited to programs
overseen by governments, it is now
increasingly being driven by private
enterprise (albeit often state-assisted
enterprise). There are now more than
30 private fusion companies throughout
the world. Of those, 18 have revealed
their funding, which cumulatively
exceeds $2.4 billion. Because of this increase in private investment, innovation
in this domain can evolve beyond some
of the more typical designs previously
issued by national and international
agencies. With this shift, advancements
in the materials, computing, and other
technologies needed to bring fusion
power to reality become much more
plausible. Fusion plants could potentially arrive sooner and for much cheaper.

• Commonwealth Fusion Systems
• General Fusion
• Helion
• TAE Technologies
• Zap Energy
• National Ignition Facility
• Korea Institute of Fusion Energy
• Korea Superconducting Tokamak
Advanced Research
• First Light Fusion
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2ND YEAR ON THE LIST

Clean Hydrogen

Clean hydrogen, generated from using excess
renewable energy sources, could one day provide
low-carbon fuels for planes and ships.
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Hydrogen is a useful
energy source due to its
abundance, ubiquity,
versatility, and high
energy content. As the
price comes down to
produce it cleanly, it
could play an important
role in transitioning
much of the world away
from carbon-based
energy sources.

There are many ways to produce hydrogen, and each process has an associated
color. The most common form of hydrogen production, known as “gray” hydrogen, requires natural gas, or methane,
which results in high carbon emissions.
“Green” hydrogen, or “clean” hydrogen,
uses surplus renewable energy sources,
such as solar or wind power, to separate
the two hydrogen atoms from the oxygen
atom. This process accounts for only
0.1% of hydrogen production, but efforts
are underway to change that. Researchers from The University of Texas at
Austin have developed a low-cost method
of using sunlight to extract oxygen molecules from water, resulting in hydrogen.
Researchers from the Massachusetts
Institute of Technology have taken a
different approach, by using scrap aluminum and forcing a reaction with water
to produce emission-free hydrogen.
Whatever process is ultimately used at
scale, clean hydrogen could be used for
fuel-cell vehicles, heat-producing boilers,
and electricity-generating gas turbines.  

Hydrogen is an abundant resource that
doesn’t generate carbon emissions from
its use. However, many of the processes
to isolate hydrogen as a usable source
are responsible for creating carbon
emissions. The United States produces
and consumes roughly 10 million metric
tons of hydrogen each year. In 2020,
globally, we consumed 90 million tons
of hydrogen. Unfortunately, virtually all
of this is gray hydrogen. Currently, the
cost to produce clean hydrogen is three
times that of gray hydrogen, while the
cost to produce gray hydrogen is $2.28
per kilogram. Initiatives such as a green
hydrogen hub in the United Arab Emirates backed by $5 billion in investment,
and an investment of over $2 billion in
electrolysis projects by London-based
Ineos, could bring the cost of producing
green hydrogen below the cost of producing gray hydrogen by 2030.

• Kubagen
• Clean Hydrogen Future Coalition
• TotalEnergies SE
• Air Liquide SA
• Vinci SA
• ITM Power
• Ineos
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“We do not inherit the earth from
our ancestors, we borrow it from
our children.”
— Indigenous Proverb
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3RD YEAR ON THE LIST

Grid Management

National power grids need an overhaul.
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In many countries,
government agencies
and private companies
distribute energy to
citizens via an electric
grid that’s made up of
a sprawling network
of generators and
connectors. Increased
demands for power,
failures to maintain
these grids, erratic
climate patterns, and
even cybersecurity
attacks will pose new
challenges over the
coming decades.  

In the United States, aging electrical
systems are being pushed beyond their
limits. According to the U.S. Energy
Information Administration, the average American home experienced more
than eight hours without power in 2020.
This total doubled in five years. Electricity outages affected millions of people
in 2021 due to winter storms in Texas,
heat waves in the Pacific Northwest,
and Hurricane Ida. For the latter, power
outages contributed to 14 deaths in Louisiana. China continues to experience
hiccups with its energy grid. In early
2021, increased global economic activity
created excessive demand for electricity
in the coastal regions of China where
many large factories operate. During
the summer, industrial power rationing
began in many Guangdong cities. Then,
in September, utility providers in more
than 20 Chinese provinces had to restrict power demand because of unseasonably warm weather in the South and
cold weather in the North.  

Grid failures cost millions and put lives
in danger. While health and safety are
the primary concerns, power cuts also
create shortages of global goods. There
are additional concerns that utility
company equipment isn’t being repaired
or modernized fast enough and that
maintenance will become more difficult
amid climate change and new power
demands. The U.S. has begun to address
the issue. The infrastructure bill signed
by President Joe Biden allocates $100
billion for power grids and a new Grid
Deployment Authority. A new power
grid will need to be resilient enough
to withstand extreme weather events,
integrate with new sources of renewable
energy, support distributed sources of
energy, and meet changing consumer
needs. While upgrades are necessary,
Biden’s pace of deployment might be
too modest to meet the demand of
new low-carbon goals. Better solutions
will have to be devised to keep up with
fast-changing environmental conditions
worldwide.

• Schneider Electric
• Scale Microgrid Solutions
• Itron
• NV5 Global
• Quanta Services
• AutoGrid
• Bloom Energy
• Origami Energy
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5TH YEAR ON THE LIST

Charging Stations

An Electrify America charging station at the Brea
Mall in Orange County, California.
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By the decade’s end,
increased production
of electric vehicles
in combination with
private and public
funding for nationwide
charging networks will
make the switch to
electric vehicles viable
for more consumers.
The adoption of directcurrent fast charging
and new technology
to increase charging
speeds will be the true
difference maker.  

As of November 2021, according to the
U.S. Department of Energy, the U.S. has
more than 48,000 public EV charging
stations and roughly 122,000 charging
ports, primarily consisting of Level 2
charging (requiring 3–8 hours to fully
charge) but also including some direct-current fast charging connectors
(able to charge 80% in 20–30 minutes).
In the infrastructure bill signed by President Biden, $7.5 billion will go toward
increasing the number of charging
stations to 500,000 by 2030 (primarily
the slower, Level 2 charging). Electrify
America will focus on faster charging
options, building out 1,800 fast-charging
stations by 2025. The expansion will
grow Electrify America’s network to
49 states and add an electric vehicle
charging highway in the upper Midwest.
7-Eleven plans to install 500 direct-current fast charging ports across North
America by the end of 2022.

As direct-current fast charging grows a
broader footprint nationwide, the adoption of electric vehicles will increase
as consumers gain a greater ability to
quickly charge their vehicles. Ford, in
partnership with Purdue University,
has developed a prototype for a liquid
cooling system integrated with charging
cables that could result in a full recharge of an electric vehicle in under
five minutes. Other convenience stores
might follow 7-Eleven’s lead and add fast
charging stations. They stand to benefit
from owning and operating charging
ports themselves. The three biggest U.S.
automakers—Ford, General Motors, and
Stellantis—have jointly pledged that 40%
to 50% of vehicles they produce will
be zero-emission by decade’s end. As a
result, greater numbers of the population will be incentivized by availability
to make the switch to electric.

• Electrify America
• 7-Eleven
• GM
• EVgo
• Tritium
• Blink Charging
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4TH YEAR ON THE LIST

Renewable Energy

Wind turbines and solar panels accounted for
about 290 gigawatts of new renewable power
in 2021, a 3% increase in growth from the
previous year.
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In many markets
around the world,
renewable energy is
already cheaper than
nonrenewable energy.
Renewable sources
include wind, tides,
geothermal heat, and
sunlight, but new
possibilities are being
explored. Renewable
energy is integral for
meeting necessary netzero emission goals.

According to the International Energy
Agency, wind turbines and solar panels
accounted for about 290 gigawatts of
new renewable power in 2021, a 3%
increase from the previous year. Solar,
hydrogen, and wind power have accounted for all growth in power generation since 2020 as generation from coal,
natural gas, and nuclear plants have
declined. By 2026, carbon-free power
sources are projected to add up to 4,800
gigawatts globally, an increase of 60%
over 2020 levels. China is the global
leader when it comes to capacity additions. Last year, China began building
the first 100 gigawatt phase of a solar
and wind buildout that should result
in hundreds of gigawatts deployed in
the country’s desert regions. This plan
will represent a considerable amount
of China’s aggressive goal to reach 1,200
gigawatts of solar and wind capacity by
2030 (a goal the country is projected to
reach by 2026).

Despite the recent achievements in
renewable capacity, globally we are
still behind on establishing a net-zero
energy sector. For that to become viable
by 2050, average annual additions of renewables must double over what the International Energy Agency expects from
the next five years. President Biden’s
Build Back Better plan allocated $555
billion toward climate and clean energy.
Under this proposal, individuals would
receive tax credits for weatherizing
their homes and installing solar panels,
and businesses would receive credit for
producing more clean energy and new
clean energy products. Researchers
from the University of Massachusetts
Amherst have developed an air-powered
generator that uses protein nanowires
to produce electricity from moisture in
the air. When such alternatives scale,
coupled with the current trajectory
of renewables, traditional petroleum
companies will feel the looming threat
of replacement.

• Prometheus Fuels
• SunPower Corp.
• Renewable Energy Group
• Sunnova Energy
• Nexamp
• Energy Vault
• First Solar
• NextEra Energy
• ReNew Power
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5TH YEAR ON THE LIST

Ultra-High-Voltage Direct
Current and Macro Grids

UHVDC could lead to a transcontinental energy
“internet.”
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In the near future,
we will transport
clean energy from
production sites to
demand areas using
a new kind of power
grid now being tested
in China. If geopolitical
tensions remain at bay,
transferable energy will
make collective energy
grids more resilient.

China invested $88 billion to build macro
grids and a new kind of transmission
system—ultra-high-voltage direct current (UHVDC). The country’s plan is to
essentially provide “the global energy
internet.” China first pitched this idea
to the United Nations over six years ago,
and countries might now overcome
their initial hesitance to adopt because
of increased emphasis on renewables.
Changing priorities could present a
case for China’s UHVDC. China has
moved forward with the project even
as it has awaited wider buy-in. Last
year, the country built a 970-mile-long,
800-kilovolt UHVDC line costing $3.45
billion. This line transported solar- and
wind-generated power from the Tibetan
plains to the center of China. The country also constructed a 1.1-million-volt cable that is capable of transmitting 12,000
megawatts of power 2,000 miles from the
mountain and desert regions of Xinjiang
Province to Shanghai.

A national direct current macro grid
could drastically lower emissions in an
affordable way without compromising
access to electricity. It could also redistribute power to areas experiencing
energy shortages and blackouts. The
ability to generate and transport energy
in times of crisis could become a critical
political and economic advantage, and
impact where businesses operate. Such
a system could help prevent incidents
such as power blackouts experienced in
Texas in early 2021.

• State Grid Corp. of China
• China Southern Power Grid Co.
• Macro Grid Initiative
• ABB
• TransWest Express
Transmission Project
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3RD YEAR ON THE LIST

Zero-Carbon Natural Gas

Carbon capture technology uses filters to remove
carbon dioxide from the atmosphere.
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Natural gas can be part
of our low-carbon future
and might be integral for
meeting net-zero carbon
futures. When all carbon
dioxide byproduct from
natural gas production
is successfully captured,
the result is zero-carbon
natural gas.

Natural gas plants of the near future may
capture all of their emissions at zero cost
using a technology called carbon capture
and storage, or CSS. This process will
result in power generation at the same
cost or less as standard natural gas, even
as it captures all carbon dioxide that is
released. While the tech has been around
for decades, it has not been deployed
at scale. In November 2021, a natural
gas plant in La Porte, Texas, allegedly
became the first in the world to deliver
emissions-free electricity to the grid.
To accomplish this feat, the plant has
employed Net Power’s technology to
capture most of the released CO2, while
the remainder is stored underground or
used in industrial processes.

A significant amount of carbon emissions come from natural gas production
that still accounts for 32% of U.S. electricity and 20% of worldwide consumption. The U.S. Department of Energy
recently announced that it would use
$45 million in funding for 12 different
carbon capture and storage projects,
capable of capturing a minimum of
95% of CO2 emissions from natural gas
power and industrial facilities. As more
governments and businesses pledge
zero-carbon futures, more natural gas
companies will recognize they need
contingency plans to generate cleaner
natural gas. CSS technology could result
in carbon-free energy produced from
fossil fuels much more cheaply than by
nuclear power plants. This could serve
as a transitional power source as longer-term power solutions are potentially
decades away.

• Net Power
• Exelon Generation
• McDermott International
• 8 Rivers Capital
• EnCap Flatrock Midstream
• Elysian Carbon Management
• Oxy Low Carbon Ventures
• Toshiba
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3RD YEAR ON THE LIST

Floating Nuclear
Reactors
KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

Modular floating
nuclear molten salt
reactors provide a safer
alternative to traditional
nuclear reactors. Rapid
mass-manufacturing
of these units will give
multiple regions quicker
access to safer nuclear
power.

While Russia launched a floating nuclear
power plant with two nuclear reactors
called the Akademik Lomonosov in
2020, startup Seaborg Technologies of
Copenhagen, Denmark, is using compact
molten salt reactors the size of shipping
containers to deploy on floating barges
worldwide. These molten salt reactors
are better equipped to avoid disasters. A
liquid salt mixed in with the fuel acts as a
coolant, preventing the fuel from melting down or exploding. Besides being
much safer, molten salt reactors are less
complex and lower in cost. The power
barges that Seaborg plans to deploy are
projected to have an operational lifetime
of 24 years and are capable of producing
200 to 800 megawatts of electricity.

While nuclear power generation has
traditionally been risky, molten salt
reactors present a safer, cheaper, and
more compact option for nuclear power.
Following the approach of Akademik
Lomonosov, Seaborg Technologies will
benefit from modular design, preventing the need to buy up land to develop
nuclear power plants. This business
model makes it possible to produce
reactors in bulk at a single facility and
deliver them by barge on a much shorter timeline than the energy industry’s
traditional plant manufacturing methods. Higher safety and smaller sizes will
give Seaborg Technologies a competitive
advantage for expanding its scope of
impact with available nuclear power.

• Seaborg Technologies
• Akademik Lomonosov
• RusHydro
• Rosatom

Seaborg Technologies deploys compact molten
salt reactors on floating barges worldwide.
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1ST YEAR ON THE LIST

Wireless Power Transfer

Stanford engineers have developed a wireless
charging system that can transfer electricity to
receivers with variable distances.
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KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

The ability to transfer
significant amounts
of energy wirelessly
may seem far-fetched.
However, advances
in this area indicate
that this process is
increasingly viable. As
scalable solutions are
developed, devices will
become lighter weight
(with smaller batteries)
and more efficient.  

The desire for wireless power transfer
dates back more than a hundred years
to the idiosyncratic inventor and engineer Nikola Tesla. Today, engineers
from Stanford University have developed
a wireless charging system that can
transfer electricity to receivers with nonfixed distances. Researchers were able to
achieve a 92% efficiency with the ability
to transmit 10 watts of electricity up to
3 feet away. Meanwhile, the Indiana Department of Transportation announced
a wireless charging highway for electric
vehicles. The pilot program will result in
a quarter-mile-long stretch of wireless
charging pavement. WiBotic, responsible
for wireless charging systems for autonomous drones and robots, has received
safety approvals in Europe for its TR-301
high-power transmitter. Startup Electric Sky is using funding from DARPA
to develop a demonstration test for its
new wireless long-distance transmission
technology.

Most of our experiences with wireless
power transfer are limited to mobile
phones or electric toothbrushes that still
require contact with a charging source.
However, developments in this area have
astounding potential. Once the technology is scaled, it can be used to charge robots in factories, drones in midflight, and
even electric vehicles in motion. When
it comes to EV applications, benefits
include extending vehicle range, which
in turn will encourage more widespread
adoption of EVs. Additional benefits include prolonging battery life, as batteries
could routinely “graze” energy, rather
than fully depleting their supply and
recharging from empty, which causes
degradation over time. More important,
developments in this area would result
in smaller batteries or less bulky, tethered power supplies. With these smaller
batteries, the form factors of devices can
radically change, resulting in electrification and increased efficiency across a
broader range of vehicles, infrastructure,
objects, and devices.

• Stanford University
• Indiana Department of
Transportation
• WiBotic
• Electric Sky
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1ST YEAR ON THE LIST

Sweat Power

A wearable microgrid uses energy from human
sweat and movement to power wearable devices.
Credit: Lu Yin
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KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

We already know sweat
can be a valuable input
for wearable devices
to give users real-time
health and wellness
information. But sweat
might also be able to
serve as a biofuel to
power those devices.

Nanoengineers at the University of
California, San Diego are working on a
“wearable microgrid” that essentially
harvests natural energy directly from the
user’s body. The technology gets inspiration from community microgrids. Such
microgrids integrate several renewable
inputs such as wind and solar power.
Researchers envision wearables functioning as personal microgrids, receiving
energy from multiple sources, including sweat as a biofuel. The device can
generate power even when the wearer is
asleep or sitting motionless. Researchers
at Nanyang Technological University in
Singapore have created their own flexible battery that is also powered by sweat.
It could potentially be used to power
medical devices and wearables, especially ones that already collect sweat for
diagnostic purposes. This could reduce
the size of medical wearables, since the
batteries in those devices would always
be connected to an additional power
supply.

Harvesting energy from a user’s body is
not necessarily a new concept. Since as
early as the 1770s, self-winding watches have employed the natural motion
of wearers as a source of power. Other
approaches have used light and heat. As
wearable devices become more ubiquitous, they will benefit from a personal
microgrid of sweat energy to extend
the available time of batteries. Medical
implantables could also one day benefit
from this technology. Some implantables
are inhibited by size and space, because
they require bulky batteries to keep
operating. By adding sweat power, implantables have the ability to be smaller,
fitting a broader range of applications.

• University of California, San Diego
• Nanyang Technological University
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I’m so filled with emotion about what just
happened. It’s extraordinary, extraordinary. I
hope I can maintain what I feel now. I don’t want
to lose it. It’s so much larger than me and life.
— William Shatner, after returning from his Blue Origin spaceflight
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15TH YEAR ON THE LIST

Space and Off-Planet
Exploration

NASA’s James Webb Space Telescope is on a
quest to collect infrared light from the distant
corners of the cosmos.
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DISRUPTIVE IMPACT
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Human ambition, the
quest for knowledge,
and curiosity have
always driven the rush
to explore space. These
factors will continue in
2022, with myriad public
and private missions
paving the way for
humans to revisit the
moon and one day visit
other celestial bodies.

Several noteworthy space-related milestones and events happened last year. As
part of the Perseverance Mars mission,
NASA’s Mars helicopter, Ingenuity,
became the first aircraft to perform a
powered, controlled flight on another
planet. Also part of this mission, The
Mars Oxygen In-Situ Resource Utilization Experiment (MOXIE) produced
oxygen from carbon dioxide found in
Mars’ atmosphere. China also successfully landed and deployed the Zhurong
rover on the surface of Mars, becoming
just the second nation to accomplish
this feat. This past year saw a new space
race, this time among billionaires rather
than governments. Other civilians
made history, by becoming the first
private crewed mission aboard SpaceX’s
Dragon capsule as part of the Inspiration4 mission. Russia made headlines
when it tested an anti-satellite weapon,
intentionally destroying one of its old,
Soviet-era satellites and in the process imperiling the lives of astronauts
aboard the International Space Station.

The space industry is estimated to be
worth $420 billion, and many of the
milestones from the past year could contribute to the industry tripling to a $1.4
trillion market by the end of the decade.
From leisure travel to asteroid mining to
telecom, myriad industries and businesses will spring from and benefit from
space exploration. The explorations
happening today on Mars could create
the foundations for future colonization
of the planet. However controversial,
billionaires self-funding excursions to
space could serve as precursors for a
growing space tourism industry. The
increase in private missions reveals that
the future of space could be open to a
broader audience than ever before.

• SpaceX
• Blue Origin
• Spaceflight
• Loft Orbital
• Orbit Fab
• Neumann Space
• World View
• LeoLabs
• Orbital Insight
• Rocket Lab
• Astroscale
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Commercializing Space

Space Barons

Orbital Reef is the low Earth orbit station designed by Blue Origin (founded by former Amazon CEO Jeff
Bezos) and the Sierra Nevada Corporation’s Sierra Space for commercial space activities and space
tourism uses. Blue Origin has referred to it as a “mixed-use business park.”
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The year 2021 marked a new space race,
but rather than being a competition
between Cold War adversaries, this
one was among some of the world’s
wealthiest people. Despite the success
of various SpaceX initiatives over the
years, founder Elon Musk was not the
first billionaire in space. Instead, Richard Branson became the first billionaire
to travel to low-Earth orbit on July 11,
2021, traveling 50 miles above New
Mexico. Jeff Bezos ascended 65 miles
above Texas just nine days later. Bezos
also made it possible for the 90-year-old
actor William Shatner to become the
oldest person to travel to space. These
acts of affluent space tourism inspired a
vigorous public debate: Could such private exploration lead to solving some of
the world’s biggest challenges, or are we
witnessing nothing more than self-indulgent escapades of the super-rich?

Certifying Commercial 		
Astronauts
In the U.S., only three agencies confer
licenses for astronauts: the FAA, the
military, and NASA. While the military
and NASA award wings to their own
employees, the FAA will soon license
commercial astronauts the way they do
commercial pilots. To be certified as a
commercial astronaut, a person must be
employed by a space-related company
in advance of their flight. This means
those first few Blue Origin launches that
took actor William Shatner and former
NFL player Michael Strahan off planet
didn’t result in commercial certifications. Under new FAA guidelines, in
order to gain certification, astronauts
must complete training, fly higher than
80 kilometers, and demonstrate “activities during flight that were essential to
public safety or contributed to human
space flight safety.” During the next few
years, agencies responsible for awarding astronaut wings will need to evolve

their criteria as more people travel off
planet on commercial flights.

Private Space Stations
Blue Origin, in partnership with Boeing, Sierra Space, and other companies, is developing Orbital Reef, which
will become the first privately owned
and operated space station. For a fee,
governments and other companies
could reserve space on Orbital Reef.
Tourists could also book reservations
to stay on the space outpost. Nanoracks
and Lockheed Martin are also building
another private station, Starlab, that will
host up to four astronauts. And Axiom
Space has a station under development.
The International Space Station, built
in partnership between the U.S., Russia, and other nations, loses its current
funding in 2024. While it’s likely that a
fresh infusion of money will keep the
ISS running through 2028, private space
stations could prove to be viable alternatives by the end of the 2020s.
© 2022 Future Today Institute
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Commercializing Space

Space Tourism
While not technically qualifying as
space tourism, SpaceX’s Inspiration4
mission saw a private flight launch four
civilians into space. This, along with
other private flights by Richard Branson, Jeff Bezos, and William Shatner,
paves the way for commercial space
flight to become more commonplace,
albeit initially reserved for the wealthy.
Japanese billionaire Yusaku Maezawa’s
trip to the International Space Station
marks the first self-funded tourism mission to the ISS in nearly a decade. On
his 12-day mission, Maezawa will get to
experience the marvels of space while
being documented by his production
assistant and videographer Yozo Hirano.
Maezawa has plans to travel alongside
eight artists of his choosing to the moon
aboard SpaceX’s Starship as early as
2023. The first space hotel, Orbital Assembly’s Voyager Station, could become
accessible as early as 2027.
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Galactic Ride Sharing
The concept of galactic ridesharing
dates back to 2018. Spaceflight Industries (now Spaceflight Inc.) purchased
all available payload space on a SpaceX
Falcon 9 to serve customers who wanted
to launch various items into space. The
company is now designing and manufacturing orbital transfer vehicles in a
new product line called Sherpa. Spaceflight has produced an orbital transfer
vehicle powered by an electric propulsion system called Sherpa-LTE, as well
as a chemical-propelled vehicle named
Sherpa-LTC1. The latter is headed to
space this year to direct 13 customer
spacecraft into two separate orbits. Loft
Orbital is a San Francisco–based startup
also establishing itself in the galactic
ridesharing industry. In 2021, the startup launched two microsatellites, YAM-2
and YAM-3, as part of SpaceX’s Transporter-2 mission, alongside 10 payloads
from government and commercial
customers. Loft plans to offer edge

computing as part of its service, allowing onboard computers to process data
they collect and perform autonomous
decision-making and tasks rather than
relying on terrestrial servers. As more
researchers, artists, and everyday people want to hitch rides on spacecraft, we
anticipate new “rocketsharing” business
models—followed by a potential wave of
regulation.

Space Mining
The prospect of conducting mining
operations on asteroids and the moon
still seems like science fiction to many—
and to be sure, its viability isn’t certain.
While the economics of mining celestial
bodies for export back to Earth might
deserve fair criticism, for long-distance
space travel and colonization of moons
and Mars to work, space mining will
be necessary. The moon, meteors, and
asteroids promise water and precious
rare-earth elements and metals. Mining
those minerals in outer space could be

a lucrative venture as well as a cunning
geopolitical strategy, because China
currently controls 95% of rare-earth
element production. Considering how
lucrative harvesting these rare-earth elements could be, it’s not surprising that
companies and government agencies
want to pursue the undertaking. According to analysis by The Planetary Science
Journal, two near-Earth asteroids could
contain $11.65 trillion worth of precious
metals. The amount of iron, nickel, and
cobalt would exceed what is available on
Earth. Farther from Earth, 16 Psyche, an
asteroid NASA plans to study in 2022, is
estimated to be worth $10,000 quadrillion in rare-earth elements and other
resources, far exceeding the entire net
wealth on our planet. If geopolitics
does not prevent it, mining the moon
will come much sooner than mining
asteroids. Mining for lunar water is a
potential opportunity to manufacture
propellant for return trips to Earth or as
a refueling station for spacecraft headed

to more distant destinations. Whether
or not celestial mining becomes a viable
business practice in the near term, the
idea of commercial space exploration
puts pressure on governments to create
clear international agreements and
frameworks for governing space.
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Space Politics

Country-Level Space Initiatives

China and the U.S. are competing for a space-based strategic advantage.
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As of 2022, there are 72 different space
agencies in the world. Of those, only
14 have launch capabilities, and an
even smaller number, just six, have full
launch capabilities. While NASA stands
out from the crowd, other agencies have
made recent successful launches to
Mars. Both China and the United Arab
Emirates have conducted missions to
the red planet. The Hope Mars Mission
is the first unmanned, interplanetary
satellite overseen by the UAE. It also
is the first planetary science mission
conducted by an Arab or Islamic
country. The mission has resulted in
new observations and insights about
Mars’ atmosphere and composition.
The European Space Agency (ESA) and
the Canadian Space Agency are both
making contributions to the launch
of the James Webb Space Telescope.
Applicants overwhelmed the ESA in
2021 when the agency opened applica-

tions for para-astronauts with physical
disabilities. While China and Russia
collectively have their sights set on the
moon, Indian Prime Minister Narendra Modi is pushing to privatize India’s
highly guarded governmental space
agency in hopes to compete again with
its global peers.

Geopolitics
As countries are mired in geopolitical
tensions on Earth, these same tensions
will follow them to space. The Artemis
Program, which aspires to send the
first woman and next man to the moon
sometime beyond 2024, has attracted
Australia, Canada, Italy, Japan, Luxembourg, the United Arab Emirates, the
United Kingdom, Ukraine, South Korea,
New Zealand, Brazil, Poland, and Mexico to join forces with the United States
under the Artemis Accords. This international agreement for civil exploration
and peaceful use of the moon, Mars,

and other astronomical objects faces
some criticism. Dmitry Rogozin, the
head of Russia’s space agency, has called
out the Accords as being too U.S. centric. In response, his agency has signed
a memorandum of understanding with
China’s space program to create their
own moon operation and build the International Lunar Science Station. The
two programs will invite other countries
to join the alliance. These tensions
among different nations do not come as
a surprise. Leaders in space exploration
will have access to valuable resources,
wield symbolic power, and perhaps
even exhibit military domination over
other countries.

Space Forces
The U.S. announced the launch of a new
Space Force in 2019. Its purpose: To secure satellite communication networks
that not only power our information
ecosystems but also control navigation
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Space Politics

and positioning systems. The new service is expected to employ up to 15,000
military personnel and should benefit
from former President Trump’s signing
of a $738 billion defense bill. The U.S.
isn’t the only country with a military
space program. Both Russia and China
maintain their own space forces. It’s
unlikely that a traditional war would be
fought among the stars. This space race
is about securing critical network and
communications infrastructure from
government-sponsored cyberhacking.
Since its inception, the U.S. Space Force
has launched two experimental satellites to detect nuclear explosions, track
space objects as small as baseballs,
conduct laser communications trials,
and monitor the weather.
The U.S. launched its Space Force in 2020.

China’s Space Ambitions
China’s space program is well underway. It’s well-capitalized, includes many
space startups, and has the full support
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of the government. China is currently
in the middle of constructing its space
station, Tiangong, or Heavenly Palace.
While it won’t be fully complete until
late 2022, Tiangong has already hosted
two separate crews, and it is fast becoming a rival of the International Space
Station, which is nearing its planned
end-of-life date in 2024. The lunar rover
that China sent to the moon in January
2019 has spotted a mysterious cubelike object on the surface of the moon
and will launch an investigation into
the object. Beyond the moon, China
successfully landed its Zhurong rover
on the surface of Mars in May 2021,
marking the first time the country has
landed a rover on another planet, and
becoming only the second country to
drive a rover on Mars behind the U.S.
China intends to send a second lander
to Mars by 2028, with the purpose of
bringing back samples from the planet’s
surface. While China is taking strides to

catch up with the U.S. in terms of space
exploration, it is also vying with the U.S.
in the commercial space industry. China
has announced that it has plans to continue its space-born Internet of Things
project, unveil a new remote sensing
constellation scheme, and continue
Kuaizhou, a family of low-cost, solid-fueled carrier rockets intended to launch
low-orbit satellites.

Space Regulation
With the exception of the Outer Space
Treaty in 1967, there has been a lack of
significant progress relating to rules and
regulations for space. The treaty bans
stationing weapons of mass destruction in space, forbids military activities
on celestial bodies, and outlines rules
relating to the peaceful exploration of
space. Nearly 60 years later, diplomats
are pressing the issue again, suggesting that the United Nations establish
new norms and standards for space.

As nations’ space programs grow and
become more advanced, some fear that
provocations could quickly escalate,
especially as military satellites become
capable of damaging or interfering with
other satellites. The U.S. Space Force is
already alleging that Russia and China
are attacking its satellites with lasers,
radio jammers, and cyberattacks. In
November 2021, a United Nations panel
resoundingly passed a resolution to
approve the working group that will
reassess space regulations. If established, this working group would “make
recommendations on possible norms,
rules, and principles of responsible
behaviors relating to threats by states to
space systems.”
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From Such Great Heights • Near-future neutral scenario

From Such Great Heights
Astronauts who viewed Earth
from its orbit described it as
a transformative experience:
The unique vantage point
elicited a more global
sense of consciousness, an
appreciation and empathy
for humankind, and a drive
to take action to improve the
state of the world.
This life-changing cognitive
shift was called the
“Overview Effect.”
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Artists and philosophers became
captivated by the idea, and the term
gained traction during the 2010s. Upon
return from his trip to space in 2021,
billionaire Jeff Bezos talked about
the fragility of Earth and a renewed
desire to protect it. Other billionaires
soon raced to sponsor their own flights
to low-Earth orbit in pursuit of the
Overview Effect, deluding themselves
that they were now one with the
planet and humankind—though their
actions actually made them even more
disconnected from the rest of humanity.
Space tourism startup Crius Space
Technologies launched low-earth
orbit trips for anyone wanting to
experience the Overview Effect, but

only the wealthy could afford the
hefty price tag. New startups emerged
to provide simulated experiences to
the masses who remain earthbound,
through the use of high fidelity optics
and fully immersive technology. But the
manufactured experience was also
expensive and mostly reserved for the
affluent.
While the Overview Effect kick-started
a collective cognitive shift to address
the existential threats facing man and
the planet, it also created a castelike division in society between those
who experienced the Overview Effect
firsthand, those who experienced
it virtually, and those who had not
experienced it at all.
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Space Sustainability

Space Junk

Sumitomo Forestry and Kyoto University, both based in Japan, are developing degradable satellites made
out of wood to cut down on space junk.
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Space has become Earth’s dumping
ground. As many as 170 million fragments of metal and astro debris orbit
the Earth. The debris consists of large
components such as used rocket stages, as well as fragments as small as
tiny flecks of paint. Traveling at speeds
above 16,777 mph, even the smallest of
fragments can damage spacecraft. Currently, only 22,000 pieces are tracked,
underscoring how much of a threat this
floating debris represents. In addition to
the risk that space junk poses to space
travelers, it poses risks on Earth as well.
At least 200 objects fall back into the atmosphere each year, including pieces of
solar panels, antennas, and fragments
of metal. In space, collisions beget collisions in a chain reaction known as the
Kessler syndrome, a phenomenon that
could eventually make some available
orbits unusable. Some researchers say
that the growing amount of debris in

space could result in Earth developing
Saturn-like rings composed of junk.
Russia recently brought attention to
the severity of the issue when it shot
down one of its Soviet-era satellites in
an attempt to test anti-satellite technology; the incident propelled 1,500
trackable fragments into space, along
with hundreds of thousands more that
are too small to detect. Astronauts on
the International Space Station were
forced to board two spacecraft that
could return them to Earth if a collision
became likely. As we continue to pollute
the skies, we could be unintentionally
wreaking havoc on civilizations far away
from Earth, catalyzing future intergalactic wars. Or we might cause far less
scintillating problems. Space junk could
start to behave unpredictably, reflecting
sunlight in disruptive ways, altering our
atmosphere, or even challenging our
understanding of the universe and the
laws of physics.

Space Sustainability Initiatives
Space junk is becoming a bigger problem as more satellites are launched into
the atmosphere, but groups are emerging to develop solutions for this evolving
problem. In 2021, amid the billionaire
space race, Apple co-founder Steve
Wozniak cryptically announced his own
space program, Privateer, which intends
to address the existential threat of space
debris by incorporating crowdsourced
information along with data collected by
its own fleet of satellites. Hopefully, Privateer’s plan to release more satellites
into low-Earth orbit will not exacerbate
the issue. At least 36 other companies
want to address the space junk problem, according to SpaceFund. Of those,
Astroscale demonstrated its space junk
removal system that can capture and
deorbit satellites. As landfills on Earth
continue to fill up, so too has the orbit
surrounding Earth. While we continue
to address issues of sustainability on our
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Space Sustainability

home planet, we will have to also keep
our efforts focused on the skies above.

Mercury Rain

Scientists have been developing various solutions to space junk, ranging from nets like this trial
RemoveDebris mission to solar-powered vacuums.
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New propulsion systems for rocket
engines would use mercury as a fuel,
which could run the risk of spreading
toxic chemicals through Earth’s atmosphere. NASA experimented with
mercury in the 1960s because it’s a
low-cost, high-power option for ion engines. Startup Apollo Fusion (acquired
by Astra) discovered a new approach
to using mercury—but there’s a catch.
Mercury is heavier than the xenon and
krypton powering other ion engines in
use today. What customers might save
on costs could pollute the atmosphere
in potentially harmful ways. While the
U.S. government has tried to reduce
terrestrial mercury emissions since the
1990s, the rules do not specifically cover
spacecraft. The U.S. Federal Aviation
Administration requires companies to

disclose hazardous materials in flight,
but its policy doesn’t address satellites.
This is an area where, yet again, technology has sped beyond the limits of the
law.

Monitoring Climate Change
From Space
This year, NASA will launch six small
satellites (smallsats) as part of a constellation of smallsats consisting of seven
in total. The project, called TROPICS
(Time-Resolved Observations of Precipitation structure and storm Intensity
with a Constellation of Smallsats), will
ultimately improve our understanding
of tropical cyclones, which traditionally have been difficult to forecast. The
smallsats will be launched in a specific
orbital configuration, allowing them to
crisscross the equator at different points
in order to offer more frequent coverage. Microwave radiometers aboard
these units will enable forecasters to see

occurrences that the naked eye cannot.
The data will be transmitted to Earth
for use in numerical weather prediction
models. A test satellite launched in 2021
was able to provide insight into Hurricane Ida. As hurricanes increase due to
climate change, this increased data will
be invaluable to researchers tracking
tropical storms.
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Space Imaging

MIT professor Dava Newman models her BioSuit, an innovative upgrade to traditional astronaut suites. The
BioSuit is a skintight garment that uses shape-memory nickel-titanium alloy.
Image courtesy: NASA
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The successor of NASA’s Hubble Space
Telescope, the James Webb Space Telescope (JWST), will operate in a fundamentally new way. The Hubble primarily functioned as an optical telescope,
capable of detecting light wavelengths
similar to those that the human eye can
detect. The JWST, on the other hand,
will detect near- and mid-infrared light
that the human eye cannot see, meaning it will study parts of our universe
that are otherwise invisible to humans.
Due to this infrared imaging, the JWST
will capture light that has been traveling for almost the entire existence of
the universe. It will also be able to peer
through dust that can obstruct objects in
Hubble images. For the infrared light to
be captured free of the warmth of Earth,
the JWST will operate 1 million miles
from our planet. The JWST also features
a much bigger mirror that is segmented
and foldable and can be covered with
a deployable sunshield. Overall, the

JWST is 100 times more powerful than
its predecessor. As the JWST advances
the imaging we have of space, it could
be the device that allows us to discover
if there is another planet in the universe
similar to our own.

Satellite Megaconstellations
According to the Union of Concerned
Scientists, there are currently more
than 4,550 operational satellites in
Earth’s orbit, but soon that number
could rise substantially. SpaceX’s first
generation of Starlink alone will put
11,926 new satellites into orbit, while
the second generation will launch an
additional 30,000. In 2022, Amazon will
prototype its Project Kuiper broadband
constellation, sending KuiperSat-1 and
KuiperSat-2 to deploy the prototypes
into low-Earth orbit. If successful, the
project could result in an additional
3,200 satellites in orbit. OneWeb and
China’s SatNet could combine for an
additional 15,000 satellites deployed.

These satellite constellations comprise
many small “microsats” or “cubesats,”
which are capable of communicating
with each other and continue to work
when one satellite in the network goes
down. Constellations are used for a variety of purposes, including taking photos
and beaming internet access back down
to Earth. But with thousands of planned
spacecraft launches—carrying microsat
and cubesat constellations, in addition
to heavier satellites, rockets, and spaceships with rovers and human cargo—astronomers are warning that our view of
the sky, and our ability to research the
cosmos, is in jeopardy. Scientists have
voiced concern that megaconstellations
of microsats and cubesats will not only
obstruct their view but that they could
also interfere with radio astronomy
equipment. Astronomers are proposing
establishing a “SatHub” to address the
threats of megaconstellations. It would
monitor new satellites that go up and
perform training, outreach, and analy© 2022 Future Today Institute
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sis of satellites for the broader astronomy community.

Self-Steering Satellites
Researchers at the U.S. Naval Research
Laboratory are working on a concept
that could not only help steer satellites
back down to Earth when they’re decommissioned but also clean up space
clutter in the process. The idea is to
outfit new satellites with thin “umbilical
cords” about a kilometer long. Running
an electric current through the cord
would enable a satellite to steer itself
using its own electric field as well as
Earth’s magnetic field. Think of it as an
invisible sail that could someday enable
old satellites to guide themselves home.

Galactic Refueling Stations
Satellites often outlive their expected
service lives, but the limited amount
of fuel they can carry often leads to the
cessation of their services. To address
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the problem of abandoned satellites
from lack of fuel, the startup Orbit Fab
has produced what it calls the Rapidly
Attachable Fluid Transfer Interface
(RAFTI), which is basically a fueling
port that will allow satellites to be refueled from space. To help establish orbital refueling services, Lockheed Martin
began investing in Orbit Fab’s project.
The RAFTI system aims eventually to
allow more satellites to stay in orbit and
help reduce the creation of new space
junk. Meanwhile, the Australian company Neumann Space has created an
in-space electric propulsion system that
can be used to move satellites within
low-Earth orbit. Significantly, the system is powered by metal rods that could
be fabricated from space debris. One
day, it might be possible for a satellite to
collect debris, melt it and shape it into
metal rods, and then use those rods to
propel itself through low-Earth orbit.

Off-Planet Living
Efforts to colonize space have become
more pronounced as both governmental agencies and private organizations
have adopted grand ambitions for
establishing life beyond Earth. Jeff
Bezos believes in the prospect of space
colonization to the degree that he thinks
most people centuries from now will
be born in space and could visit Earth,
which will be something like a protected national park. In 2021, Elon Musk
became a renter after selling his last
house on Earth, possibly signaling his
long-term goal of building colonies of
1 million inhabitants on Mars by 2050.
NASA has its own ambitions to send
humans to Mars. From the agency’s
continuous presence on the ISS for 20
years, it knows firsthand that any dwelling in space must be able to protect
astronauts from extreme temperatures
and radiation. In 2016, NASA selected
six private U.S. companies—including

Boeing, Lockheed Martin, and Bigelow
Aerospace—to develop prototypes for
deep-space habitats. Since then, NASA
has formulated additional plans for
building habitats for space. A research
team at NASA Ames Research Center
is looking at mushrooms as a possible
building material, taking inspiration
from “mycotecture” (a portmanteau of
mycology and architecture). Building
materials crafted from reishi mushrooms can bear thousands of pounds
per square inch and can serve as storage
batteries due to their number of carbon
fibers. What’s more, transporting spores
of these mushrooms to space would be
cost-effective. As more interest turns
toward space colonization, radical ideas
such as mycotecture will become more
of a reality.

Ultra-Long Space Missions
If climate change escalates and we are
unable to mitigate its effects, humanity
is going to need a plan B. Some sci-

entists think our next best option is a
1,000-year space mission to save future
generations from extinction. Their target is a planet called Proxima Centauri
b, an exoplanet in a habitable zone of a
star like our sun. This means that water
might exist in liquid form there and,
theoretically, could support human life.
We don’t know what the atmosphere is
like or whether the planet’s surface is
too hot or cold to sustain living organisms as we know them. A program
founded by science philanthropist Yuri
Milner and the late Stephen Hawking
is building a spacecraft weighing only
a few grams that would be propelled by
a 100-billion-watt laser fired at it from
Earth. The craft would take 20 years to
reach the Alpha Centauri solar system,
where Proxima b is located. It’s a step
toward building a new kind of spacecraft big enough to transport humans
deep into space on a journey that would
take a millennium to reach humanity’s
new home.
© 2022 Future Today Institute
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Aerial and Oceanic Exploration
of Other Planets

NASA has begun testing space habitation prototypes.
Image courtesy: NASA

NASA’s Perseverance had a Wright
brothers experience when the aircraft
Ingenuity performed the first powered,
controlled flight on another planet.
Beyond Ingenuity, we will see an expansion of aerial exploration of other
planets and hence greater coverage
and efficiency of such missions. NASA’s
Dragonfly mission, for example, will
use rotorcraft to search Saturn’s moon
Titan for “the building blocks of life.”
Additionally, NASA’s SESAME initiative
will emphasize ocean exploration on
distant moons in the coming decade. To
accomplish this, the agency is looking
into 3D printing “micro-swimmers,” tiny
wireless devices controlled with ultrasound waves that can be used to sample
faraway ocean floors.

Space Cuisine
With emphasis on colonizing Mars,
scientists know that four of the five
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major consumable resources, including
energy, water, oxygen, and construction
materials, are potentially abundant on
the planet. Food is not, and it will prove
to be the hardest thing to produce locally on Mars. To creatively address this,
NASA and the Canadian Space Agency have issued the Deep Space Food
Challenge. To advance in the challenge,
entrants must be able to offer a food
solution that can feed a minimum of
four astronauts on a three-year mission.
The challenge has already advanced beyond the first phase with winners using
3D printers, bioreactors, and vertical
farming as possible solutions for growing food in space. Private organizations
also want to capitalize on the opportunity to bring food to Mars. Budweiser
has the ambitious goal of being the first
beer served on Mars. In preparation,
the company has been sending barley
seeds to the International Space Station
since 2017, with plans to experiment
with malting in space. Heinz also has
lofty ambitions. The company has

successfully grown tomatoes in Marslike conditions and soil, to make “Marz
Edition” ketchup.

Scaling the Overview Effect
The Overview Effect is the cognitive
shift in awareness that astronauts report
experiencing after they view Earth from
orbit or from the moon. This perception
of the world had a profound impact
on Frank White, who coined the term,
stating, “You develop an instant global
consciousness, a people orientation,
an intense dissatisfaction with the state
of the world, and a compulsion to do
something about it.” Both Jeff Bezos and
William Shatner reported having similar
sensations after their respective rides
to low-Earth orbit. It is only a matter of
time until this phenomenon is successfully reproduced digitally, or leads to a
new form of space tourism.
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Beyond Earth/Beyond Human • Far-future pessimistic scenario

By 2070, climate change has ravaged the earth. Mitigation strategies
pursued decades earlier did not prevent the worst outcomes, but they did
delay the inevitable destruction. By 2040, governments across the globe
concluded climate change had reached the point of no return. They began
a global collaboration to prepare the world’s population for space travel.
While highly controversial, scientists pursued the necessary gene editing
experiments. Volunteers underwent experimental procedures to acclimate
the human body for life on other planets. Early edits aimed to make
humans resistant to radiation, to counteract the deleterious effects of
zero gravity, making them more durable for long-distance space travel.
Controversy increased upon the discovery that those who received the
gene edits wouldn’t venture off the planet, but rather were expected
to create offspring that were space ready. An entire generation was
unwittingly volunteered for emergency missions, and many began to
wonder if they were truly human, or if they had evolved beyond humanity.
The global coalition began long-distance missions in 2065 in search for
habitable exoplanets. Years later, most of these missions had not yet
found a suitable planet for habitation. For them, hope of survival relied on
additional procedures to grow synthetically engineered organs to replace
those that had failed. These advanced organs raised additional existential
questions for these individuals about their human identity. But as they
traveled further into the depths of space, it became clear that they would
soon be the only remaining representatives of Earth.
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This we know; The earth does not belong to
man; man belongs to the earth. This we know,
all things are connected like the blood which
unites one family. All things are connected.
— Chief Si’ahl, Namesake of the City of Seattle
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How these trends impact your company
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STRATEGY

INNOVATION

R&D

GROWTH

Throughout every industry, climate change
and sustainability have taken center
stage. With the passage of green stimulus plans and the growing popularity
of environmental, social, and corporate
governance (ESG) initiatives, there will be
new incentives to measure energy usage,
sustainability criteria, and environmental
impacts. We anticipate new opportunities
for companies that strategically map the
next two to five years with sustainability
and ESGs in mind. Conversely, companies
that wait could find themselves regulated
in new ways or facing financial penalties.
First movers and fast followers could help
shape the directions of their industries,
which would be a long-term strategic
advantage.

Senior executives are prioritizing sustainability broadly across their organizations.
Likewise, consumers are asking that
sustainability concepts are factored into
product development. But some organizations or business units see sustainability as
a risk, an added expense, or a challenge to
existing operations. This presents a unique
opportunity for innovation teams, which
can resolve those fears with new workflows, products, and services.

There has never been a better time to
pursue R&D in energy, sustainability, and
space initiatives. With investment pouring
into these areas and regulation creating
a sense of urgency, this is a good time to
develop moonshot ideas and develop the
workflows to match. The biggest challenge: which big bets to place.

Climate change, extreme weather events,
and an uncertain regulatory landscape
will impact growth in some businesses.
Scenario planning is critically important in
2022 and beyond. Teams should actively
rehearse alternative futures, including
financial models and contingency plans to
mitigate supply chain disruptions, geopolitical tensions, and sustained changes in
consumer behavior.
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Key Questions

We recommend using this report
to support your strategic foresight
activity in the coming year. Every
executive team should begin by

1
 How could climate change disrupt
our business in the next decade?

asking these questions:
 If we expand our view very broadly,
in what ways are we vulnerable
to extreme weather events,
new human migration patterns,
transportation delays, supply chain
disruptions, and new sustainabilityrelated regulations in the markets
where we operate?
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2
 Where does the nascent space
economy represent new growth
opportunities for our business?
 How can we participate in the
emerging space economy 10 years
from now—even if our business is
unrelated to space today?

3
 What assumptions must hold true
for our current strategy to succeed,
given uncertainty brought by
climate change, sustainability
initiatives, energy production, and
space commercialization?
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TRENDS IN ACTION

Trends in Action

Benefits of Strategic Foresight

The Future Today Institute Supports Executive Leaders and Their Teams

33% Higher Profitability

The Future Today Institute works closely with executive leadership and management
teams to transform their strategic thinking on the future.

Companies using a dedicated strategic foresight process outperformed the average
by a 33% higher profitability.

200% Growth
Companies using a dedicated strategic foresight process outgrew their competitors by
200% in desired areas.

We leverage these and other trends and use applied foresight to develop deep (20+
years), long-range (10+ years) and near-term (2+ years) scenarios and strategic plans.
FTI’s advisory services include signal mapping, trend identification, scenario
development, risk modeling, visioning, and strategic planning.

25% Improvement
Companies say that strategic foresight improves business objectives and planning,
helps define new markets, and builds flexible mindsets among executives, even in
times of deep uncertainty.
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