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Executive Summary  
Within a decade, the direct air capture (DAC) industry has grown to more than 180 
companies, with 90% of this growth occurring within the last five years.   

This working paper takes stock of the rapid expansion of the DAC industry and the 
interplay of government incentives and private sector investment in spurring this growth. It 
analyzes the development of large-scale DAC projects, their funding and revenue 
sources, as well as the support mechanisms that have facilitated their growth. The 
analysis assesses projects that have moved beyond the pilot stage, demonstrating 
scalability and commercial viability.  

Removal of legacy carbon dioxide (CO2) emissions from the atmosphere and oceans is a 
key companion to the transition to lower-carbon sources and uses of energy in averting 
adverse climate change. DAC is expected to be one of the key technologies enabling 
large-scale carbon dioxide removal (CDR) because of its advantages in scalability, 
permanence, and verifiability.  

The evolution of federal policies that combine incentives to accelerate DAC “technology 
push” supply with incentives to stimulate “market pull” demand for DAC carbon removals 
has had a powerful synergistic effect on DAC commercialization.   

• The push to accelerate the supply of DAC technology solutions is being led by 
targeted U.S. Department of Energy (DOE) research, development, and 
demonstration funding, combined with new programs in the Bipartisan 
Infrastructure Law (BIL) for precommercial DAC prizes and regional DAC hubs.  
The private sector XPRIZE initiative also has been a complementary driving force. 

• The pull to create a market for DAC carbon removal services has been driven 
primarily by the expansion of the Section 45Q tax credit in the Inflation Reduction 
Act (IRA). The DOE Commercial CDR Purchase Pilot Program has provided 
additional market stimulus. These efforts have facilitated the establishment of 
advance market commitments by individual companies as well as third-party 
demand aggregators to purchase the carbon emissions offsets from DAC.   

The combination of the supply and demand incentives has enabled DAC start-up 
enterprises to attract venture capital and other forms of private sector equity investment in 
DAC startup enterprises.  

The pipeline of DAC projects in development has been expanding rapidly. As of the date 
of this report, the current landscape of DAC developments include:  
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• On a global level, five commercial-scale DAC plants (capturing more than 1,000 
tons of CO2) are in operation. An additional 27 commercial-scale DAC projects 
have been identified as being in development globally. 

• The DAC capacity worldwide in operation or development is estimated to provide 
about 15 million tons of CO2 removal per year (MtCO2/year); two-thirds of the 
capacity (10 MtCO2/year) is located in the United States. 

• 17 commercial-scale DAC projects have been identified as being in development in 
the United States. Of this total,12 projects were funded by DOE via the Regional 
DAC Hubs program or the funding for front-end engineering design (FEED) 
studies of advanced DAC systems. 

• Of the 17 commercial-scale DAC projects in development in the United States, six 
are known to have secured advance market commitments for carbon removal.  

The table has now been set for liftoff of the DAC industry. Maintaining the current BIL and 
IRA incentives, combined with continuing investment in technology innovation, and 
addressing permitting complexity for CO2 storage, is needed to maintain the current pace 
of scale-up to megaton-scale DAC deployment.  

While significant progress has been made for DAC to reach a megaton-scale market, two 
significant challenges remain. 

• Significant reductions in the cost of DAC are needed. This will require continued 
investment in technology innovation, combined with the learning to be gained from 
early commercial-scale projects. 

• Stronger demand-side programs are needed to build market development.  
Advance market commitments to support voluntary goals will likely be a niche 
market. Current government pilot purchase programs will help to demonstrate the 
mechanics of this concept, but they will require significant expansion in order to 
scale the DAC industry. 

Further expansion toward gigaton-scale deployment will depend upon further cost 
reductions and additional measures for market development, including a large-scale 
government purchasing program. 
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1. Introduction 
Direct air capture (DAC) of carbon dioxide (CO2) from the atmosphere has been gaining 
momentum since the world’s first commercial DAC plant was launched less than a decade 
ago.1 More than 180 companies are now developing and offering DAC technologies 
worldwide, and about 90% of these companies started their businesses in the last five 
years.2   

The successful liftoff of the DAC industry is the result of comprehensive and complementary 
government policies and private sector initiatives spanning the full life cycle of DAC from 
early-stage innovation through demonstration and initial deployment and ultimately market 
formation.    

This working paper summarizes the current landscape of DAC technology development and 
deployment. It examines how the federal government and the private sector have partnered 
to establish a DAC industry in the United States. through a combination of supply-side 
“technology push” and demand-side “market pull” measures.   

DAC is a leading form of carbon dioxide removal (CDR), an essential complement to 
mitigation measures for achieving net zero emissions to stabilize global temperature 
increases. Once net zero is achieved, continued deployment of CDR can achieve net-
negative emissions, with the potential for reversing adverse climate change impacts by 
removing long-lived legacy CO2 emissions from the environment.    

DAC is a promising carbon removal technology. DAC systems are flexible in siting, require 
little land, and produce a verifiable stream of CO2 that can be permanently sequestered. 
Because of these advantages, DAC is expected to be one of the key technologies enabling 
large-scale carbon removal.3 As private companies have been looking into offsetting their 
carbon emissions, the number of DAC technology providers has been growing rapidly in 
recent years.2   
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2. Accelerating DAC Commercialization 
Through a Fast-Paced Framework of 
Federal Policies and Public-Private 
Partnerships 

The pace of DAC commercialization has been swift. The idea of directly removing CO2 from 
the air as a climate strategy was first proposed in 1999.4 A 2015 report from the National 
Academies of Sciences, Engineering and Medicine (NASEM) acknowledged the relative 
paucity of research in this field and recommended development of a research agenda.5  

A second NASEM report in 20186 and a follow-on 2019 study by the Energy Futures 
Initiative4 both recommended comprehensive federally sponsored research, development, 
and demonstration (RD&D) programs for a portfolio of CDR methods, including DAC. The 
NASEM and EFI reports emphasized the need for R&D efforts to reduce the cost of capture, 
lower energy requirements and improve capture performance levels. 

Federal policies and programs have since evolved to support DAC commercialization 
focusing on both supply-side technology push programs as well as demand-side market pull 
initiatives. The concepts are illustrated in Figure 1 and summarized below. 

• Supply-side technology push programs: The initial U.S. Department of Energy 
(DOE) R&D funding for DAC was initiated by Congress in fiscal year (FY) 2020 with a 
line-item budget of $20 million. The Bipartisan Infrastructure Law (BIL) of 2021 
broadened the RD&D direct funding by adding a DAC Pre-Commercial Technology 
Prize program aimed at cost reduction and technology scaleup. A companion private 
sector effort was the XPRIZE, a $100 million competition designed to accelerate the 
development of scalable carbon removal technologies, including DAC. The BIL also 
established a DAC Hubs program, providing $ 3.5 billion to establish up to four 
regional DAC hubs, each with the potential to scale to a capacity of 1 million metric 
tons (megaton) of CO2 removal annually by the end of the decade. Private sector 
venture capital and other forms of equity investment provided the capital to scale 
several commercial DAC ventures as well.  

• Demand-side market pull initiatives: The principal federal incentive to create 
market demand was the Section 45Q tax credit for carbon capture and storage. The 
credit was initially enacted in 2008 and expanded significantly in the Inflation 
Reduction Act (IRA) of 2022. The 45Q credit of up to $180 per ton of CO2 captured 
facilitates potential DAC demand by bridging the gap between consumers’ willingness 
to pay for capture of CO2 emissions and providers’ costs of DAC services. In addition, 
a number of companies have stepped forward with advance market commitments 
(AMCs) to purchase CO2 credits from DAC projects. Companies, including Microsoft 
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and Amazon, as well as demand aggregators such as Frontier, have entered into 
carbon removal purchase agreements with DAC providers to augment their 
greenhouse gas (GHG) emissions reduction commitments with carbon removal 
offsets. Also, DOE is in the process of implementing a pilot program for federal 
purchases of CO2 credits from DAC through a Carbon Dioxide Removal Purchase 
Pilot Prize program established in the BIL. While this program is small, it will establish 
the basis for follow-on efforts needed to scale DAC to gigaton-scale deployment.  

Figure 1. Federal supply-side and demand-side mechanisms for large-scale DAC 
deployment 

 
XPRIZE Carbon Removal is a $100 million competition for solutions at a scale of at least 1,000 tons of CO2 
removed per year, funded by Elon Musk and the Musk Foundation. DOE = U.S. Department of Energy. 
Source: EFI Foundation 
 

Federal support for building CO2 transportation and sequestration infrastructure also has 
helped increase DAC deployments. Since 2021, DOE has announced more than $842 
million of investments in CO2 transport and sequestration, including a recent announcement 
of $500 million in grants for designing, developing, and building CO2 transportation 
infrastructure.7 DOE also has facilitated the development of commercial-scale CO2 
sequestration facilities via the Carbon Storage Assurance Facility Enterprise (CarbonSAFE) 
Initiative. 

At the state level, clean fuel standards, such as California’s Low Carbon Fuel Standard 
(LCFS) and Washington’s Clean Fuel Standard, act as demand-side mechanisms by 
allowing DAC projects to generate credits for removing carbon from the atmosphere if they 
opt in to the programs. Clean fuel standards are market-based policies that aim to reduce 
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the carbon intensity of transportation fuels by setting annual benchmarks. Fuels that meet or 
surpass these targets earn credits, while those that fall short generate deficits. No DAC 
projects have applied to California's LCFS program, but some have shown interest in doing 
so to sell credits under the program.8 9 California’s LCFS credits can be stacked with the 
45Q tax credit.10 

Building upon these policies, DOE is exploring opportunities to expand demand-side federal 
support for DAC, complementing existing DOE programs focused on supporting the capital 
expenditure (capex) of facility construction. In October 2024, DOE issued a request for 
information (RFI) to obtain public input on demand-side support mechanisms (e.g., direct 
purchase of DAC credits, subsidies to credit purchases) and other non-capex mechanisms 
(e.g., subsidies to offset the costs of operations and maintenance, subsidies to complement 
45Q tax credits).11   

3. The Landscape of DAC Projects 
Currently Underway 

As of April 2024, 27 DAC plants were in operation worldwide.12 Most of these plants are 
small-scale, capturing less than 1,000 tons of CO2 per year (tCO2/year), with only five 
capturing more than that—two plants in Iceland and three in the United States. Mammoth in 
Iceland, the most recent addition, is the largest commercial DAC plant, capturing up to 
36,000 tCO2 annually.  

More than 20 additional commercial-scale DAC projects are known to be in development 
worldwide. Many aim to capture more than 1 million metric tons of CO2 (MtCO2) annually 
(Table 1). Globally, the DAC capacity in development is estimated to remove about 15 
MtCO2/year. DAC projects under development in the United States comprise more than half 
of the total projects, with a combined total capacity of about 10 MtCO2/year. Projects outside 
the United States comprise total capacity of about 5 MtCO2/year in total.  
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Table 1. Large-scale DAC projects in operation and development 
United States – in operation 

Status Project Location 
Technology 

provider/project 
developer 

Year 
announced 

Operation 
year 

Capacity 
(tCO2/y) 

In operation Heirloom 
California13 

California Heirloom Carbon 
Technologies 

2021 2023 1,000 

Global Thermostat 
Colorado14 

Colorado Global Thermostat 2020 2023 1,000 

Bantam15 Oklahoma Heimdal 2020 2024 5,000 
Total capacity in operation – United States                                                                     7,000 tCO2/y 

United States – in development 

Status Project Location 
Technology 

provider/project 
developer 

Year 
announced 

Operation 
year 

Capacity 
(tCO2/y) 

In 
development 
with DOE 
support 

Project Cypress16 Louisiana Battelle, Climeworks, 
Heirloom Carbon 
Technologies 

2023 2029 1,000,000 

South Texas DAC 
Hub17 

Texas 1PointFive 2023 Unknown 1,000,000 

Southwest 
Regional DAC 
Hub18 

Arizona Arizona Board of 
Regents, 
CarbonCapture  

2023 Unknown Unknown 

California DAC 
Hub18 

California Electric Power 
Research Institute, 
Climeworks 

2023 Unknown Unknown 

Southeast DAC 
Hub19 

Alabama Southern States 
Energy Board, 
Aircapture 

2023 Unknown 100,000 

Prairie Compass 
DAC Hub 

North 
Dakota 

University of North 
Dakota Climeworks 

2023 Unknown Unknown 

Project Bison20,a Wyoming CarbonCapture, 
Frontier Carbon 
Solutions 

2022 On hold21 5,000,000 

Nuclear DAC with 
Carbon Storage22 

Alabama Battelle, Aircapture, 
Southern Company 

2022 Unknown 5,000 

Climeworks DAC 
California23  

California University of Illinois, 
Climeworks 

2022 Unknown 5,000 

Nuclear DAC in 
Illinois24 

Illinois Constellation, Carbon 
Engineering 

2022 Unknown 250,000 

Indiana Waste 
Heat25 

Indiana University of Illinois, 
CarbonCapture, 
CarbonCure 

2022 Unknown 5,000 

Washington 
Chemical Plant 
Waste Heat26 

Washington Aircapture, Nutrien 2022 Unknown 5,000 

Total capacity in development supported by DOE                                                > 7,370,000 tCO2/y 

 
a On Sept. 2, 2024, CarbonCapture announced it would pause Project Bison and relocate the project outside of Wyoming 
because of the difficulty in securing renewable energy as the demand rapidly increased from data centers.  
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Status Project Location 
Technology 

provider/project 
developer 

Year 
announced 

Operation 
year 

Capacity 
(tCO2/y) 

In 
development 
without DOE 
support 

Stratos DAC 
Project27 

Texas 1PointFive 2019 2025 500,000 

Project Monarch28 California Capture6, Palmdale 
Water District 

2023 2026 Unknown 

HIF eFuels29   Texas HIF 2022 2027 2,000,000 
The Dalles30 Oregon 280 Earth 2024 2025 5,000 
Heirloom in 
Louisiana31 

Louisiana Heirloom 2024 2026 17,000 

Total capacity in development without DOE support                                               2,522,000 tCO2/y 
Total capacity in development – United States                                                     > 9,892,000 tCO2/y 

Outside of the United States – in operation 

Status Project Location 
Technology 

provider/project 
developer 

Year 
announced 

Operation 
year 

Capacity 
(tCO2/y) 

In operation Mammoth32 Iceland Climeworks, Carbfix 2021 2024 36,000 
Orca33 Iceland Climeworks, Carbfix 2019 2021 4,000 

Total capacity in operation – outside of the United States                                      40,000 tCO2/y 
Outside of the United States – in development 

Status Project Location 
Technology 

provider/project 
developer 

Year 
announced 

Operation 
year 

Capacity 
(tCO2/y) 

In 
development 

Removr 
Commericial 
Plant234 

Iceland Removr, Carbfix 2023 2027 100,000 

Sizewell C DAC35 UK Sizewell C 2023 Unknown 1,500,000 
DAC - Abu 
Dhabi36 

UAE iPointFive, ADNOC 2023 Unknown 1,000,000 

Project Octopus37 Korea Capture6, K-water 2024 Unknown 500,000 
Project 
Skyscraper38 

UK Airhive Unknown 2025 1,000 

Deep Sky Labs38 Canada Airhive Unknown 2024 1,000 
Project 
Carpenter38 

UK Airhive Unknown 2025 5,000 

Kollsnes DAC 
project39 

Norway Carbon Removal, 
Carbon Engineering, 
Oxy 

2021 Unknown 500,000- 
1,000,000 

Project 
Hummingbird40 

Kenya Octavia Carbon 2023 2024 1,000 

Kenya Great Rift 
Valley41 

Kenya Great Carbon Valley, 
Climeworks 

2023 After 2028 ~1,000,000 

Total capacity in development – outside of the United States                                 5,108,000 tCO2/y 
Global total capacity in operation and in development                                          15,047,000 tCO2/y 

Note: The projects listed in this table are limited to those capturing more than 1,000 tCO2/year and with a 
publicly known development status. Sources: Cited within the table. 
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4. Funding Partnerships for DAC 
Projects Currently in Development 

The initial deployments of DAC projects have been financed through a mix of public and 
private sector funding facilitated by the interplay of the federal technology push combined 
with market pull incentives, private sector investment and AMCs. The range of variation 
among funding sources is illustrated by project in Table 2.   

Table 2. Investments and purchase agreements in DAC projects in development 
United States 

Project Public funds Private 
funds 

Carbon removal purchase agreement 

Stratos DAC 
Project 

Unknown $550 million 
from Black 
Rock (joint 
venture)42 

• Microsoft, 500,000 tCO2, 6 years (July 
2024)43 

• AT&T (March 2024)44 
• Trafigura, >50,000 tCO2 (Jan. 2024)45 
• BCG, 20,000 tCO2, 3 years (Jan. 2024)46 
• TD, 27,500 tCO2, 4 years (Nov. 2023)47 
• Amazon, 250,000 tCO2, 10 years (Sept. 

2023)48 
• All Nippon Airways 10,000 tCO2/y, 3 years 

(Aug 2023) 49 
• Houston Astros (March 2023)50 
• Houston Texans (Jan. 2023)51 
• Airbus, 100,000 tCO2/y, 4 years (March 

2022)52 
Project Monarch >$8 million from California 

Energy Commission 
Unknown Frontier, 1,000 tCO2, prepurchase (2024)53 

HIF eFuels Unknown Unknown Unknown 
Project Cypress • $50 million from DOE 

Regional DAC Hubs 
program (March 2024)54 

• Selected for up to $600 
million by DOE Regional 
DAC Hubs program 
(Aug. 2023)55 

Unknown 
(needs $51 
million to 
begin)56 

Microsoft, 315,000 tCO2, multi-year period 
(Sept. 2023)57 

South Texas DAC 
Hub 

Selected for up to $600 
million by DOE Regional 
DAC Hubs program (Aug 
2023)58 

Unknown Unknown 

Southwest 
Regional DAC Hub 

Selected for $12 million by 
DOE Regional DAC Hubs 
program Topic Area 2 
(Aug 2023)59 

Non-DOE 
fund $12 
million 

Unknown 

California Direct 
Air Capture Hub 

Selected for $12 million by 
DOE Topic Area 2 (Aug 
2023)59 

Non-DOE 
fund $12 
million 

Unknown 
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Southeast DAC 
Hub 

Selected for $10 million by 
DOE Topic Area 2 (Aug 
2023)59 

Non-DOE 
fund $10 
million 

Unknown 

Prairie Compass 
DAC Hub 

Selected for $13 million by 
DOE Topic Area 2 (Aug 
2023)59 

Non-DOE 
fund $15 
million 

Unknown 

Project Bison Selected for $13 million by 
DOE Topic Area 2 (Aug 
2023)59 

Non-DOE 
fund $15 
million 

Frontier, 45,000 tCO2, multiyear period (Nov. 
2023)60 
• BCG, 40,000 tCO2, 5 years (June 2023)61 
• Microsoft (March 2023)62 

Nuclear DAC with 
Carbon Storage 

Selected for $2.5 million in 
DOE funding for FEED 
studies of advanced DAC 
systems (Apr 2022)24 

Non-DOE 
fund $0.9 
million 

Unknown 

Climeworks DAC 
California 

Selected for $2.5 million in 
DOE funding for FEED 
studies of advanced DAC 
systems (Apr 2022)24 

Non-DOE 
fund $0.6 
million 

Unknown 

Nuclear Powered 
DAC in Illinois 

Selected for $2.5 million in 
DOE funding for FEED 
studies of advanced DAC 
systems (Apr 2022)24 

Non-DOE 
fund $0.6 
million 

Unknown 

Indiana Waste 
Heat 

Selected for $3.5 million in 
DOE funding for FEED 
studies of advanced DAC 
systems (Apr 2022)24 

Non-DOE 
fund $0.9 
million 

Unknown 

Washington 
Chemical Plant 
Waste Heat 

Selected for $3 million in 
DOE funding for FEED 
studies of advanced DAC 
systems (April 2022)24 

Non-DOE 
fund $0.7 
million 

Unknown 

The Dalles Unknown Unknown Frontier, 61,571 tCO2, offtake delivered by 
203063 

Heirloom in 
Louisiana 

$3 million grants from the 
state of Louisiana ($7 
million additional 
depending on 
performance) 64,b 

Unknown Frontier, 26,889 tCO2 offtake delivered by 
203065  

Global 
Project Public funds Private 

funds 
Carbon removal purchase agreement 

Removr 
Commercial Plant2 

Unknown Unknown Unknown 

Sizewell C DAC £3 million ($3.8 million) 
from UK government 
(March 2023)66 

Unknown Unknown 

DAC - Abu Dhabi Unknown Unknown Unknown 
Project Octopus Unknown Unknown Unknown 
Project Skyscraper Unknown Unknown Frontier, 943 tCO2, prepurchase60 
Deep Sky Labs Unknown XPRIZE 

finalist67 
Unknown 

 
b The fund from the state of Louisiana is for two facilities, including a facility developed as part of Project Cypress.   
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Project Carpenter Unknown Unknown Unknown 
Kollsnes DAC 
project 

Unknown Unknown Unknown 

Project 
Hummingbird 

Unknown XPRIZE 
finalist67  
Raised $5 
million fund68 

On track to generate >$1 million in revenue 
from the presale of carbon offsets69 

Kenya Great Rift 
Valley 

Unknown Unknown Unknown 

FEED stands for front-end engineering design. Topic Area 2 of the DOE Regional DAC Hubs program 
indicates design-phase projects. This table excludes 14 projects selected under Topic Area 1 (feasibility 
phase) as they are in the very early stages of project development, such as a technical review of existing 
technologies, building relations among stakeholders, or a pre-feasibility study. Sources: Cited within the table. 
 
DOE demonstration project grants and DAC hub funding serve as a core funding source for 
many projects. In addition, many DAC technology providers are startups supported by 
venture capital and other forms of private sector investors, including XPRIZE, BlackRock, 
and Occidental Petroleum. Advance market commitments by large corporations have 
provided a bankable revenue stream to support additional equity and debt financing.  
Especially important has been the availability of the Section 45Q tax credit to bridge the gap 
between consumers’ willingness to pay to capture CO2 emissions and providers’ costs of 
DAC services.   

DOE direct funding: The role of the federal government has been critical in launching the 
current portfolio of DAC projects in development. For example, as shown in Table 2, DOE 
funded five DAC front-end engineering design (FEED) studies of $2.5 million to $3.5 million 
each in April 2022.24 

Figure 2 illustrates DOE project implementation of the DAC hubs program. In August 2023 
DOE selected two potential DAC hubs, Project Cypress and the South Texas DAC Hub. The 
two hubs could receive up to $600 million from the DOE Regional DAC Hubs program.70  

In addition to selecting these two regional hubs, DOE awarded a total of $99 million to 19 
additional projects to support earlier stages of project development—$40 million to 14 
projects under Topic Area 1 (feasibility) and $58 million to five under Topic Area 2 (detailed 
plan and FEED studies). These are also shown in Figure 2.71  

Finally, in September 2024, DOE released a notice of intent to offer an additional $1.8 billion 
to the DAC Hubs program.72   
 
  



 

Direct Air Capture: The Rapidly Expanding Landscape – From Kiloton to Megaton Scale                        12 

EFI FOUNDATION 

Figure 2. DOE Regional DAC Hubs program by phase and committed funds 

 
Source: DOE Office of Clean Energy Demonstration, “South Texas DAC Hub Direct Air Capture Hub 
Community Briefing,” September 20, 2023, https://www.energy.gov/sites/default/files/2023-
10/2023.09%20Texas%20-%20OCED%20DAC%20Hubs%20Briefing%20Presentation.pdf 
 
The U.S. government has offered broad support for DAC technologies beyond the project 
level. In 2021, DOE launched the Carbon Negative Shot, aiming to enable the scale-up of 
CDR pathways to gigaton scale with a cost of less than $100/tCO2 by 2032. The CDR 
pathways include DAC, soil carbon sequestration, biomass carbon removal and storage, 
enhanced mineralization, ocean-based carbon dioxide removal, and 
afforestation/reforestation. Since 2020, DOE has consistently increased the budget for CDR 
to enhance funding for programs like the Carbon Negative Shot (Table 3).73,74  
 

Table 3. DOE budget for DAC, FY 2020-2024, $ million 
 

FY2020 FY2021 FY 2022 FY 2023 FY 2024 
Carbon dioxide removal (including DAC and 
other CDR technologies) 

20           40              49           70            70 

Regional Direct Air Capture Hubs - -          700         700           700 

Commercial Direct Air Capture Technology 
Prize Competitions 

- -          100 - - 

Pre-Commercial Direct Air Capture 
Technology Prize competitions 

- -           15  - - 

Sources: Department of Energy FY 2022 Budget Justification, https://www.energy.gov/cfo/articles/fy-2022-
budget-justification; Department of Energy FY 2025 Budget Justification, 
https://www.energy.gov/cfo/articles/fy-2025-budget-justification 
 
The costs of DAC are currently far above the $100/tCO2 Carbon Negative Shot target.  
Recent published information reported estimated DAC costs ranging from $200/tCO2 to 
$1,000/tCO2.75, 76 Current DAC costs are high because the current DAC technologies  have 
significant capital expenditure required to process large volumes of air containing dilute 

https://www.energy.gov/sites/default/files/2023-10/2023.09%20Texas%20-%20OCED%20DAC%20Hubs%20Briefing%20Presentation.pdf
https://www.energy.gov/sites/default/files/2023-10/2023.09%20Texas%20-%20OCED%20DAC%20Hubs%20Briefing%20Presentation.pdf
https://www.energy.gov/cfo/articles/fy-2022-budget-justification
https://www.energy.gov/cfo/articles/fy-2022-budget-justification
https://www.energy.gov/cfo/articles/fy-2025-budget-justification
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concentrations  of CO2,  the energy-intensive processes for sorbent regeneration, and the 
cost of compression of CO2 volumes to enable transport and storage of  captured CO2.77 
Projections of future DAC costs projections vary significantly, ranging from below $100/tCO2 
to around $500/tCO2.78  

DOE prizes and government purchases: Beginning in March 2023, DOE launched a suite 
of government prize and government purchase initiatives as authorized and funded in the 
BIL.  

• The DAC Pre-Commercial Energy Program for Innovation Clusters (EPIC) Prize and 
the DAC Pre-Commercial Technology Prize support entrepreneurs and innovators by 
providing cash prizes and technical assistance for commercializing DAC 
technologies.  

• The Commercial CDR Purchase Pilot Prize offers purchase agreements in addition to 
cash prizes.79  

The CDR Purchase Pilot Prize Program will establish the basis for further expansion of DAC 
deployment, ultimately to gigaton-scale CO2 removal. As an extension of this effort, DOE 
plans to launch the Voluntary Carbon Dioxide Removal Purchasing Challenge, calling on 
external organizations to join DOE in purchasing CDR credits in late 2024.80 Meta and 
Google have joined the challenge, committing $35 million each for CDR credits.81,82 

Private sector investment: Private investors have also directly invested in DAC projects. In 
November 2023, BlackRock announced its investment of $550 million in the Stratos project 
in Texas via a joint venture with 1PointFive.83 BlackRock described Stratos as “an incredible 
investment opportunity for BlackRock’s clients to invest in this unique energy infrastructure 
project.”83 The CO2 captured by Stratos will be stored underground and used for enhanced 
oil recovery (EOR).84 The XPRIZE Carbon Removal, a $100 million competition, selected 20 
finalist teams, including five DAC teams—Airhive, Heirloom, Octavia Carbon, Project Hajar 
(a collaboration between 44.01 and Aircapture), and Skyrenu.85 These finalists will compete 
for the grand prize of $50 million in April 2025, while $30 million will be distributed among 
the runners-up.  

Advance market commitments: In addition to attracting direct investments from the 
government and private investors, DAC projects have secured revenue sources via carbon 
removal purchase agreements. DAC has attracted much attention from private buyers of 
voluntary offsets because of concerns about the quality of traditional voluntary offsets, 
mostly from forestry projects.86 Compared to other CDR technologies, DAC has advantages 
such as scalability, permanence, and verifiability advantages.87 The land efficiency of DAC 
enhances its scalability. Since measuring the number of tons removed is straightforward for 
DAC, its carbon offsets are more easily verifiable than those of nature-based solutions.  

According to 1PointFive parent Occidental, Stratos saw a strong demand for credits as they 
are “higher quality” than other types of carbon offsets relying on complicated emissions 
accounting methods. Occidental expects revenue of $580/tCO2 to $810/tCO2 from Stratos, 
including $130/tCO2 to $180/tCO2 of 45Q tax credits, exceeding its expected cost of 



 

Direct Air Capture: The Rapidly Expanding Landscape – From Kiloton to Megaton Scale                        14 

EFI FOUNDATION 

$400/tCO2 to $500/tCO2.88  As shown in Table 2, several large corporations have signed 
agreements to purchase carbon offsets from Stratos.  

Table 2 also identifies the carbon removal purchase agreements between DAC project 
developers and private buyers, including individual companies and demand aggregators 
such as Frontier. Frontier aggregates its members’ demand for carbon removal offsets and 
makes purchase agreements with suppliers on their behalf. Frontier members include 
Stripe, Alphabet, Shopify, Meta, McKinsey Sustainability, Autodesk, H&M Group, JPMorgan 
Chase & Co., and Workday. As of October 2024, Frontier has purchased offsets from 43 
carbon removal projects: 13 DAC, seven field weathering, eight mineralization, nine biomass 
carbon removal and storage, three direct ocean removal, and three ocean alkalinity 
enhancement projects.60 DAC projects account for 22% of contracted tons and 26% of 
contracted dollars in Frontier’s portfolio, indicating that buyers are willing to pay higher offset 
prices for DAC than for other CDR projects. Individual companies, including Microsoft, 
Amazon, Airbus, BCG, and AT&T, have signed direct offtake agreements with DAC project 
developers without using an aggregator like Frontier. 

Section 45Q tax credit: The 45Q tax credits, expanded by the Inflation Reduction Act of 
2022 (IRA), offer up to $180/tCO₂ for DAC projects with geologic sequestration and 
$130/tCO₂ for DAC with EOR or other qualified CO₂ uses, provided projects meet conditions 
such as paying prevailing wages during construction and the first 12 years of operation and 
fulfilling registered apprenticeship requirements. Without meeting these labor standards, the 
incentive drops to a base rate of $36/tCO₂ for geologic sequestration and $26/tCO₂ for 
EOR, just 20% of the maximum credit, which is unlikely to effectively stimulate investment 
within the relevant timeframe.   
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5. Increasing Private Investments 
Beyond the Project-Level  

In addition to funding agreements for individual projects, private investors are providing 
capital at the company level for DAC startup companies to help build corporate capability to 
pursue additional projects in the future. 

DAC startups have raised substantial private investment from a range of investors, including 
venture capitalists, climate funds, and private equity firms. Examples include:  

• In 2022, Climeworks secured $650 million in equity funding from a group of investors, 
including Partners Group, GIC, Carbon Removal Partners, and Swiss Re.89  

• In March 2024, CarbonCapture closed $80 million Series A financing, led by Prime 
Movers Lab with participation from several venture investors, including Idealab X, 
TIME Ventures, Neotribe Ventures, and Alumni Ventures. It also added Amazon's 
Climate Pledge Fund, Aramco Ventures, and Siemens Financial Services as strategic 
investors.90,c 

• In March 2022, Heirloom raised $53 million in a Series A financing round led by 
Carbon Direct Capital Management, Ahren Innovation Capital, and Breakthrough 
Energy Ventures, with the participation of the Microsoft Climate Innovation Fund.91 
This financing also includes investments from climate funds and entrepreneurs, 
including Breyer Capital, Grantham Environmental Trust, Lowercarbon Capital, TIME 
Ventures, Carbon Removal Partners, and Seven Seven Six.  

• Global Thermostat launched the Global Thermostat Japan joint venture with ICMG, a 
Japan-based investment firm, and raised investment from Sumitomo Corp. in May 
2023. 

 

Private investors’ growing interest in carbon removal also provides opportunities for DAC 
companies. In September 2024, Morgan Stanley closed its 1GT climate private equity fund 
at $750 million of equity capital commitments, investing in the companies to avoid or remove 
CO2.92 It also signed an agreement to purchase 40,000 tons of DAC credits from 
Climeworks in October 2024.93 In May 2023, JPMorgan signed an agreement to purchase 
$200 million worth of DAC credits from Climeworks.94 
 

 
c Series A funding is a company’s first significant round of venture capital financing following “seed funding.” In Series A 
funding, investors look for companies with solid strategies for turning their ideas into a money-making business. 
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6. Next Steps: A Federal Direct CO2 
Purchase Program for Gigaton-Scale 
Carbon Removal 

Current DAC activities are rapidly transitioning DAC from a kiloton scale CO2 removal 
industry to an early commercial megaton-scale CO2 removal industry. For DAC and other 
CDR methods to make a material contribution to curbing global greenhouse gas emissions 
and associated adverse climate impacts, reaching gigaton-scale CO2 removal is necessary. 
To reach that scale, the EFI Foundation in December 2022 proposed a major new initiative 
for federal purchases of CO2 removal services.95  

The proposed CO2-Secure initiative envisions government purchases of CO2 removals as a 
public good that warrants government investment. CO2 Secure encompasses a range of 
government mechanisms, from establishing a government-owned and -operated CDR 
program to purchasing CDR services provided by the private sector.95  The principal 
elements of this initiative include: 

• Organization and management: The scale and pace of the program require the 
establishment of a sole-purpose federal organization, such as the proposed National 
Carbon Removal Authority.  

• Funding: The initial phase would be authorized for 10 years, providing sufficient time 
for the initiative to gain experience with large-scale implementation of business 
models and innovation opportunities. The initial 10-year funding would be a lump-sum 
direct spending authority of $33.2 billion.    

• Program implementation authorities: Multiple forms of public-private partnerships 
will be pursued, including contracts for CDR capture and storage services, acquisition 
of captured carbon for government-owned, contractor-operated transport and storage 
facilities, and completion of end-to-end government-owned, contractor-operated 
implementation.  

• Implementation schedule: The CO2-Secure initiative would be organized and 
initiated by the end of this decade—to allow for further growth of the CDR industry 
under current incentives and to take advantage of the learning experience. The 
initiative’s first CDR project investments are expected to become operational around 
2035, growing to a scale of 1 gigaton/year of carbon removals annually by 2060.  

Since the launch of the CO2-Secure concept paper, the EFI Foundation has met with 
stakeholders to engage in further discourse on the concept.  
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7. Conclusion and Recommendations 
Direct air capture (DAC) projects are gaining momentum globally and in the United States, 
driven by growing recognition of the need for large-scale CO2 removal, the power of current 
incentives—including both technology push and market pull mechanisms—and the 
straightforward accounting for CO2 removed from the atmosphere using DAC compared with 
other carbon removal technologies. Market pull mechanisms, such as voluntary carbon 
offset purchases and tax credits like the 45Q credit, are having a material effect on market 
development. making a strong case for developing and expanding DAC technologies. 
Expanded support for government purchases of carbon removal will be essential to 
scaling DAC to reach the longer-term goal of gigaton scale carbon removals. 

Increased adoption of DAC will lead to economies of scale as more facilities are built, which 
will help drive down the cost per ton of CO2 captured. Still, innovation will need to play a key 
role in cost reduction. Several DAC projects have reported lower costs by using new 
techniques or materials, illustrating the impact of technological innovation in making DAC 
more commercially viable.96 97 Increased federal funding for research, development and 
demonstration activities is needed to significantly reduce the cost of DAC through 
innovations in DAC materials and processes.  

Current DAC systems do not fully account for the life cycle emissions from energy used to 
capture CO2. Separating CO2 from ambient air is highly energy-intensive, with process heat 
accounting for over 80% of total DAC energy needs. Co-locating DAC systems near low-
cost carbon free energy sources can help reduce emissions associated with the energy 
used in the process.4 Additional research and development are essential to 
implementing measures to reduce energy consumption and enhance the life cycle 
carbon footprint of DAC.  

Lastly, the complexity of permitting, particularly for Class VI wells used for CO2 storage, has 
proven to be a major obstacle to several CDR projects.98 Legislative action on permitting 
reform could ease regulatory burdens and support the expansion of DAC 
procurement and deployment efforts. 
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