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INTRODUCTION
Given the huge amount of CO2 present
in the atmosphere, the Intergovernmental Panel on Climate Change (IPCC) has
acknowledged that reducing the global
GHG emissions as quickly as possible
would not suffice in stabilising the
climate, as there would still be too much
CO2 in the atmosphere to avoid global
warming [1].
What is the implication of that? This
simply means that other approaches
need to be considered in reducing the
amount of CO2 in the atmosphere to
stabilise the climate - that is where
Direct Air Capture (DAC) comes in [2].

WHAT IS DAC?
Direct Air Capture (DAC) refers to
processes and technologies used in
extracting carbon dioxide directly
from the atmosphere, generating a
concentrated stream of CO2 for
storage, utilisation or production of
carbon-neutral fuel [3] [4].

Source: Climeworks

According to an article published by
Recharge in 2021, the amount of energy
used in direct air capture is almost the
same as the amount of energy
produced by burning fossil fuels (which
produced the carbon dioxide in the first
place) [6].

It is important to consider that the
concentration of CO2 in the atmosphere
is very little - making up approximately
0.05% (mass fraction) of the air. This
means that if a DAC system were to
capture 1kg of air, it would only be
removing 500mg of CO2.
Very little, right?

Also, the range of cost for DAC varies
between $250 to $600 per ton,
depending on the technology choice,
low-carbon energy source and the
scale of their deployment [7]. This calls
for innovation in this new-but-promising
sector, to reduce both the energy and
capital costs.

Due to this dilute concentration of CO2 in
the ambient air, current attempts at
direct air capture are very energy and
capital intensive [5].
p.02
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THE CARBON REMOVAL
ECOSYSTEM
Direct Air Capture is not the only approach
to remove carbon dioxide from the
atmosphere.
Potential solutions can draw down CO₂
through photosynthesis, chemistry or
geochemistry, and store it in ecosystems
across the globe from ocean, to land and
within our built environment.
Below are listed the main strategies and
their respective removal potential.

OCEAN

10 GTCO₂/YEAR

SOIL

2.3-5.3 GTCO₂/YEAR

FORESTS

0.5-3.6 GTCO₂/YEAR

BIOMASS

2.5-5.5 GTCO₂/YEAR

Illustration readapted from Counteract
For more, visit counteract.net

p.03

DAC

0.5-5 GT CO₂ /YEAR

ROCKS

2-4 GTCO₂/YEAR
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THE OPPORTUNITY
As of June 2022, the world has
successfully removed roughly 10,000
tons through permanent carbon
removal. Meanwhile, to tackle climate
change, the world needs to scale up
carbon removal to 5-10 billion tons per
year by 2050 [8].
The good news is that momentum
around DAC and carbon removal in
general has been growing quickly
recently.
In April 2022, major names such as
Stripe, Alphabet, Meta, McKinsey & Co.
and Shopify made a huge commitment
of $925M to purchase captured carbon
by 2030 through a new fund called
Frontier [9]. The aim of this initiative is to
accelerate and scale-up the
deployment of carbon removal
technologies by guaranteeing a future
demand for them [10].
Given the little amount of CO2 that has
been permanently removed to date, the
Frontier fund of almost $1B intends to
scale up this market to at least 6 GtCO2
per year by 2050 [8].
Also in April 2022, Climeworks, today the
leading company pioneering DAC, raised
$650M - the biggest carbon removal
startup deal ever [11]. This funding is set
to unlock the next growth phase of their
direct air capture capacity [12].
A few days later, the VC firm
Lowercarbon Capital announced a
$350M fund dedicated exclusively to
carbon removal startups [5].

p.04

XPRIZE is also organising a $100M carbon
removal competition funded by Elon
Musk and the Musk Foundation. Any
carbon removal solution that achieves
negative emissions, sustainable and
scalable is eligible to participate [13].
All this is a good start. As the world
released a total of 36.3 Gigatons of CO2
in the year 2021 alone, we need much,
much more [14]. However, there is still a
lot of potential for growth and
development within this sector.
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WHERE WE COME IN
The market intelligence platform
for all things climate tech.

KEY HIGHLIGHTS

Utilising the Net0 Platform of 40,000+
climate tech startups from Europe and
North America, we mapped out the
companies developing Direct Air
Capture solutions.

38

companies identified

Our analysis shows that the interest of
corporates and investors in the DAC
space is rapidly evolving. Our aim here
is to extract the most interesting trends
and insights.

United States

is the leading country by number
of startups

Each startup featured on the platform is
characterised by: founded year, HQ
country, technologies used, funding
rounds, patents, climate change
challenge areas, and climate impact.

Europe

Based on our climate tech taxonomy
and the comprehensive profiles of each
startup, we identified 38 active startups
in scope as of June 30, 2022.

raised the most capital to date

is the leading region by number of
startups and total funding

Climeworks
in 2022

the most capital was raised

Analysing all the data together, we see
there has been major developments in
the past few years. To better digest
what is happening we break down the
insights into three parts:

$1.2 Billion

raised in equity deals to date

$650 Million

is the single largest funding round
to date

SECTOR INSIGHTS
FUNDING INSIGHTS
TECH OVERVIEW

p.05

www.netzeroinsights.com _ Direct Air Capture, 2022

1
A

SECTOR
INSIGHTS
Europe and North America have approximately the same
number of DAC companies.
Companies by region

It is evident that the momentum of DAC
has been increasing in recent years going
by the number of startups that were
founded.
Looking at the count of active companies
by region, Europe is slightly ahead of North
America (20 vs 18).
Based on this trend, more DAC companies
are expected to emerge given the 30%
increase in DAC startups between 20202022 alone and 2015-2019.

Source Net Zero Insights

Companies by founded date
Europe

North America

40
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Source Net Zero Insights
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2020 - H1 2022
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1
B

SECTOR
INSIGHTS
At the country level, the United States count the highest number
of active DAC companies.
Companies by country

Out of the 38 startups identified, about
half of them are headquartered in North
America with majority in the United
States - 37%.

15
10

The United Kingdom and the
Netherlands are leading in Europe, each
with a share of 13% followed by Germany
with ~8%. The rest of the European
countries have 5% or less.
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It's worth to remark the growth rate of
active companies operating in the US
over time. From 2020, 40% of the newly
founded companies are headquartered
there.

Source Net Zero Insights

Active DAC companies by country over time
15
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Source Net Zero Insights

p.07

2018

2019

2020

2021

2022

www.netzeroinsights.com _ Direct Air Capture, 2022

INSIGHTS FROM A
THOUGHT LEADER

The Direct Air Capture (DAC)
Coalition was founded in 2022 to
provide the connectivity,
coordination, and leadership in
the DAC ecosystem required to
achieve the scope and scale
necessary to meet this moment.
The DAC Coalition is a non-profit,
multi-stakeholder, climatefocused, public-spirited coalition
focused on educating, engaging,
and mobilizing society to scale
DAC in a sustainable, equitable,
and effective way.

Direct Air Capture Coalition
What role will Direct Air Capture
play in the transition?
The world’s leading scientific bodies
have made clear that large scale
carbon removal is “essential” and
“unavoidable” to limit warming to
1.5ºC. Direct air capture (DAC) will play
a key role within the portfolio of
carbon removal solutions as a
technology that is highly scalable,
provides durable storage with a high
degree of measurability of CO2
removed, along with wide degree of
siting and locational flexibility. Given
its large climate mitigation potential,
DAC will be a crucial component in
not only removing legacy emissions
but also addressing residual
emissions from ‘hard-to-abate’
sectors like aviation and maritime
shipping.

Jason Hochman
Co-founder & Director
at DAC Coalition
Jason helped craft the policy and
regulatory construct promoting
utility clean energy efforts at Con
Edison, and has worked on climate
and sustainability issues at the
Department of Defense,
Acclimatise, and Demos.

What are the most pressing
challenges for the ecosystem?

Why the need for a coalition?

Timely, effective, and responsible
scaling of DAC technology
deployment will require massive
progress across areas of capital
investment and finance, policy
framing and support, regulatory
processes, technological research
and development, supply chain
growth and integration, civil society
engagement and social acceptance,
deployment experience and
learnings, and techno-economic
improvement, among many other
dimensions.

All of these challenges point to the need
for an entity to help provide the
connectivity, coordination, and
leadership in the DAC ecosystem
required to achieve the scope and scale
necessary to meet our climate
challenge. With over 50 (and growing)
member companies and partner
organizations, the non-profit Direct Air
Capture Coalition exists to drive impact
as the central platform for education,
collaboration, and engagement
throughout the emerging sector.
p.08
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2
A

FUNDING
INSIGHTS

Europe attracted more capital than North America. The investment
market in the sector is still in its infancy.
Total investment by region

Totalling just $1.2B, investment in DAC
companies is at its very early days if
DAC was to meet the scale and
impact expectations often
associated to the sector.

North America
28.5%

This year's $650M round raised by
Climeworks makes both Europe and
Switzerland rank on top of their
respective tables.

$1.2B
Europe
71.5%

Europe attracted 71.5% of the funding,
while Switzerland raised 3.4x more
than the United States, the second
country on the list by total funding.
Canada, the UK and the Netherlands
complete the top 5.

Source Net Zero Insights

Total investment by country
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Source Net Zero Insights
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2

FUNDING
INSIGHTS

Climeworks dominates the investment scene. Other emerging
companies are also convincing investors - especially in the US.

B

Following the analysis of data collected from 38 DAC companies on the Net0 Platform,
the ramp up in funding in H1 2022 highlights growing momentum in the space.
There has been an approximate 750% increase in funding received in 2022 compared
to 2021, mostly due to the $650M financing round by Climeworks.
From 2010 to 2020, 99% of the funding was received by the top three DAC companies;
Climeworks, Carbon Engineering, and Global Thermostat. In 2022, the percentage of
capital raised by the three pioneers decreased to 80% - despite the mega round of
the Swiss company.
The momentum gained by these three companies in the previous years proved that
there is indeed a need and an available market for DAC, which then encouraged
others to join the DAC industry.
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TOP 7 FUNDING ROUNDS TO DATE
COMPANY

DATE

FUNDING
AMOUNT

TYPE

Apr-22

CHF 600M

EQUITY ROUND

Feb-22

$80M

VC ROUND

Jun-20

CHF 73M

EQUITY ROUND

Mar-19

$68M

EQUITY ROUND

Mar-22

$53M

SERIES A

Oct-21

$35M

SERIES A

Sep-18

CHF 30.5M

VC ROUND

Source: Climeworks

p.11
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2
C

FUNDING
INSIGHTS

Grants are becoming an increasingly popular instrument to finance
early stage DAC companies.

Thanks to initiatives such as the Musk Foundation's XPRIZE and public funding
opportunities, grants are becoming a popular finance instrument for early stage DAC
companies.
While the number of grants in this sector may be on the rise, a notably larger share of
funding comes from equity rounds. Only about $27M were allocated in grants,
compared to $1.1B in equity investments.

Funding by financing type

SHARE OF
FUNDING

Equity
$1.1B

Grant
26.6M

COUNT OF
DEALS

Grant
19

Debt
$9.1M

Source Net Zero Insights

p.12

Debt
2

Equity
33
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THOUGHTS FROM A
VC INVESTOR
Counteract

Location, location, location

Counteract is a carbon removal
venture fund combating the
climate crisis through research,
development and investment.

Figuring out where to site a DAC plant is
a real head-scratcher. Operators will be
looking for easy, safe and efficient CO2
sequestration or utilisation,
accommodative permitting, solid supply
chains, ample supplies of renewable
energy (electrical and/or heat
depending on the solution), the cost of
resources and of course public sector
incentives and carbon removal
customer demand.

The firm gives engineer and
scientist entrepreneurs the
financial and strategic support to
turn fresh ideas into selfsustaining businesses with the
potential to capture or store
greenhouse gases at global
scale.

The right answer will vary for different
technologies - for example Temperature
Swing Adsorption DAC can make good
use of low grade waste heat, whereas
modular electrochemical DAC may be
better suited to distributed capture and
utilisation and Calcium looping plants
will want a ready supply of limestone
nearby.

Andrew Shebbeare
Managing Partner
at Counteract
Andrew cherishes invention and
has made a career out of
nurturing new ideas. As a leader
in media and technology his
restlessness has given shape to
products and business models
with market-wide impact. Today
he applies that same focus to
combating the climate crisis.

There are also important social and
environmental justice factors to
consider, ranging from land use and
food production to employment and
local community impacts. It's exciting to
see DAC hubs coming online and
particularly pleased to see new locations
like Africa's rift valley come into focus as
well as traditional innovation centres.

p.13
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Energy matters
DAC is tremendously energy hungry,
ranging from ~700kWh to over
2,500kWh per ton of CO2 captured. But
that's not the end of the story.

We're looking forward to seeing more
forms of financing come to bear,
blending advance purchase
agreements with project finance and
public sector support to make the path
to scale clearer for DAC entrepreneurs.

Some solutions are able to use
renewable electricity or heat from
geothermal or industry sources,
whereas others need high
temperatures that can be hard to
attain without burning fossil fuels with
their own CO2 footprint.

The Capex / Opex balance
The breadth of DAC solutions coming to
market is inspiring. One way to group
them is according to the tradeoff
between the capex and opex intensity
per ton of CO2 captured.

Some DAC solutions have built-in
tolerance for intermittent power

Many of the solutions we have seen with
low ongoing operating costs (often with
an energy footprint of < 1000 kWh/ton)
have more complex technical designs,
for example advanced electrochemical
cells or complex ways of manipulating
adsorption / desorption.

whereas others need 24/7 supply
which increases the risk of DAC
diverting renewable energy away from
a carbon-intensive grid. This makes
understanding the true carbon
additionality of DAC quite complex and
location-dependent.

By contrast the larger integrated plants
with simpler, scaled processes are often
more energy hungry and/or require
higher sorbent turnover, which means
higher Opex per ton of CO2 captured.

Financing DAC scale-ups
Venture funding can only go so far.
Once DAC projects reach funding
requirements in 9 figures, they will
need to move into the realms of
infrastructure finance where investors
are unprepared for technology risk.

There's plenty of room for both models,
but we expect to see them play to their
strengths in different ways and settings
as the space matures.

Right now there's a shortage of
financing for First Of A Kind plants in
DAC and beyond which creates
something of a chasm.

p.14
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3

TECH
OVERVIEW
Annual CO2 capture capacity

Direct air capture of carbon dioxide can
be done using various approaches,
which means that there are different
ways CO2 can be captured and
regenerated, and every DAC company
has its own approach [15].

Climeworks
5,869
tCO2/year
Global Thermostat

The most prominent technologies
involve the use of giant industrial fans to
capture air and then the separation of
the CO2 using a chemical process by
means of heat and/or reaction with
other chemical compounds, while
letting other components of the air pass
through.

1,500
tCO2/year
Carbon Engineering
365
tCO2/year
Source: International Energy Agency

This concept is being used by
companies such as Climeworks, Global
Thermostat, Carbon Engineering.

To meet these ambitious needs, the
total annual capture capacity would
have to increase by a factor of
approximately 11,000 times by 2030 and
by 127,000 times by 2050.

A few of these companies managed to
raise millions from some of the most
prominent investors in the world. The
capital has been deployed to finance
pilot projects and the first commercial
scale plants.

However, a new wave of innovators has
been exploring radically new
approaches aiming to achieve cost
reduction and higher efficiency.

As of today, there are 18 existing plants
with a total annual capture capacity of
7,734 tons of CO2.

The next pages of this analysis dig
deeper into the stories and incredible
achievements of a few selected
companies pioneering DAC solutions.

In the Net Zero Emissions by 2050
Scenario, DAC is scaled up to capture
more than 85 Mt CO2/year by 2030 and
~980 Mt CO2/year by 2050 [3].

p.15
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THOUGHTS FROM
A DAC PIONEER
Heirloom

Heirloom is building direct air
capture technology that
permanently removes CO2 from the
atmosphere, with a real path
towards removing 1b tonnes of CO2
by 2035.

What are the main advantages
of your solution in relation to the
status quo technologies?
Our permanent carbon removal
solution is capable of scaling quickly
and economically. We’ve made
purposeful design choices that bring
together calcium carbonate, a lowcost sorbent, and a passive direct air
capture approach that reduces energy
consumption by relying on ambient air
flow. Coupled with a highlyautomated, modular facility design,
we’re building a clear path to drive
down the cost of permanent carbon
removal in the coming years.

Their technology rapidly
accelerates the natural ability of
minerals to absorb CO2 from the air
from a timespan of years to days.
Alexa Dennett
Head of Marketing and
Communication at Heirloom
Full-stack marketing and
communications leader with
broad, cross-functional experience
managing large teams and
budgets.

Where is Heirloom going to be
in 3 years from now? And in 10?

to carbon removal working to bring their
solutions to market.

We’re focused on deploying our first
facility in the near future, and
engineering future facilities that will
remove tens of thousands of tons of
CO2 per year in the coming years.
Heirloom is aiming to remove 1 billion
tons of CO2 by 2035.

We hope everyone succeeds, because it
will take all of us to meet this
monumental challenge.

What kind of incentives would be
most needed to accelerate the
growth of the ecosystem and the
development of DAC?

Will DAC scale up fast enough to
capture the needed volumes of
CO2 in time?

The establishment of compliance
markets around the world will not only
help drive the growth of carbon
removal, but also to reduce the amount
of emissions that are released into the
atmosphere on an ongoing basis.

The momentum behind carbon
removal at present is spurred by the
urgency of the challenge before us.
We’re pleased to see so many
companies with different approaches

p.16
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THOUGHTS FROM
A DAC PIONEER
Carbyon

What are the main advantages of
your solution in relation to the
status quo technologies?

Carbyon is a start-up company in
The Netherlands developing a
unique fast swing technology to
capture CO 2 from air.

The sorbent of Carbyon can be
saturated in just a couple of minutes.
This unique feature allows to implement
a fast swing process whereby the yield
of the sorbent is a lot higher than
existing sorbents. This allows to reduce
the size of the machine, leading to lower
CAPEX costs.

This technology should allow to
bring the costs of capturing CO2
from the air down to ~€50 per ton.
Hans De Neve
Founder & CEO
of Carbyon
Hans De Neve is an engineer and
materials scientist that has been
active for 30 years to turn
innovative ideas into products in
areas like telecommunication,
smart grids and solar technology
for organizations like AlcatelLucent, IMEC, VITO and TNO.

The fast swing process also implies that
the sorbent can be degassed with a
short heat pulse, greatly improving the
overall energy budget as well.

Where is Carbyon going to be in 3
years from now? And in 10?
Carbyon would like to be one of the
leading DAC equipment manufacturers.
In 3 years from now we intend to
operate our first mass scale production
line and in 10 years from now we hope to
produce
50M ton of yearly capturing capacity

There is currently a great momentum
around DAC and CDR also thanks to the
Elon Musk Xprize initiative.

How are you going to monetize
your technology?

How would you describe the
momentum around DAC and CDR
in general?

Our main revenue stream will be
equipment sales.
There is a huge market pull from
organizations that want to use DAC
equipment for the production of green
fuels and chemicals, building materials,
storage, greenhouses, and more.

Since a few years it became clear that
DAC can be sufficiently cost-effective
and this has boosted the interest in the
technology.

p.17
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THOUGHTS FROM
A DAC PIONEER
Skytree

Skytree harnesses carbon through
the power of decentralized direct
air capture technology (DDAC).

What are the main advantages
of your solution in relation to the
status quo technologies?

They created one of the smallest
and simplest carbon capture
processes to transform how food is
grown, improve water treatment
and provide clean air in buildings.

With Skytree, industries that need up to
1,000kg CO2/day can install onsite DAC
units to produce their own circular
CO2, taken from the ambient air. The
small footprint and low energy
consumption enables captured CO2
directly to where it’s needed as a
product, offering an alternative for
current fossil fuel based CO2
generation and delivery processes.

Rob van Straten
Chief Executive Officer
at Skytree
Successful and experienced global
executive with proven track record
of achieving ambitious goals in high
growth environments.

Where is Skytree going to be in 3
years from now?
In 3 years, Skytree will be an
established leader in Decentralized
Direct Air Capture for carbon utilization
by serving attractive markets
providing economical value and
substantially contributing to reduction
of CO2 in the atmosphere.

What is most likely to become the
most common utilisation of the
CO2 that you will capture?
The first market we will serve is indoor
farming, shortly followed by
greenhouses and water treatment.

Will DAC scale up fast enough to
capture the needed volumes of
CO2 in time?

Today many industries are facing CO2
shortages. From the production of
carbonated drinks, fertilisers, dry ice, to
crop yield and algae production, CO2 is
needed for several industrial processes.

DAC is one of the solutions that can
accelerate capturing CO2 since it
requires far less land mass. It certainly
has an important role to play in our
global efforts to decarbonise. The
International Energy Agency views it as
a key component in net zero pathways.

By disrupting the current supply chain,
we can enable a transition that moves
away from relying on an unsustainable
and harmful means of CO2 production.

p.18
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ABOUT NET ZERO
INSIGHTS
While we believe data is key to creating insights for more informed decision making, it
can be hard to access and challenging to understand.
Our mission is to create a comprehensive overview of climate solutions and provide
actionable innovation intelligence to enable you to achieve your goals more efficiently
and effectively.
At the time of writing, the Net0 Platform features over 40k climate tech startups and
innovative SMEs in Europe and North America. For each organisation, our platform
provides details such as financials, traction, contacts, climate impact, patents, and
much more.
Want to learn about the rest or find out more? Sign up for a demo!

p.16
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https://www.iea.org/news/global-co2-emissions-rebounded-to-their-highest-levelin-history-in-2021
15- Robert Höglund: Xprize reveals the starting field carbon removal needs
https://illuminem.com/energyvoices/b02e09de-a3ad-41dd-8811-0bf7c7cc36cb
16- World Economic Forum: The world’s biggest carbon-sucking machine is switching
on in Iceland https://www.weforum.org/agenda/2021/09/worlds-biggest-carbonmachine-iceland
17- Climeworks: Direct air capture: our technology to capture CO₂
https://climeworks.com/co2-removal
18- Carbon Collect: Mechanical Trees https://mechanicaltrees.com/mechanicaltrees/
19- Carbyon: We develop affordable direct air capture technology
https://carbyon.com/technology/
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