
 
 

Direct Air Capture Climate Mobilization Summit 
 

Working Group Reports 
 
 
Background 
The content below was developed over a period of several weeks in preparation for the Direct 
Air Capture Climate Mobilization Summit by volunteer contributors with recognized professional 
expertise in the key dimensions relevant to Direct Air Capture Mobilization. The volunteer 
contributors, led by a Chair and a Staff Facilitator, were divided into seven Working Groups 
(Vision, Technology, Commercial/Carbon-to-Value, Policy, Engagement, and Sustainable 
Mobilization) and worked through a process of research, inquiry, discussion, drafting and editing 
over multiple sessions to develop credible initial “strawman” recommendations for how society 
can effectively, urgently, and rapidly mobilize to scale up and deploy Direct Air Capture to 
address climate change and establish a positive economic and human development foundation 
for the future.  We wish to deeply thank the volunteer contributors, noted below at the 
beginning of each Draft Report, for the hard work, good humor, and extremely valuable insights 
they brought to this endeavor in a very compressed timeframe. 
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 VISION 

   Direct Air Capture 
 Turning a Threat into an Opportunity 

 
Contributors:  

Peter Eisenberger, Klaus Lackner, Bill McDonough, Vijay Swarup, Facilitator: Nadia Kock 

The challenge of addressing climate change is becoming more demanding with every year that 

passes without a coherent global response. It comes at a time when the energy poor 

populations require increased energy to meet their basic needs and realize their human 

potential.  

Recently there has been a growing understanding of the need to act with more urgency. As 

calculations show our response to the climate threat will require more than reduction of 

emissions, increasing renewable energy and increasing energy efficiency. To avoid catastrophic 

climate change we need to remove massive amounts of CO2 already accumulated in the 

atmosphere (White Paper attached) which requires a coherent mobilized global effort. Direct 

Air Capture (DAC) can remove the excess CO2 and either sequester it underground or provide it 

as an input to a Circular Carbon Economy. That economy mimics nature’s carbon cycle by using 

renewable energy and industrial processes to transform CO2 from the air and water into the 

materials and energy we need. Carbon Dioxide is the carbon input that together with the source 

of hydrogen from water provides the energy for trees and plants to live. The challenge we have 

is there is too much CO2 in the air and we are increasing the amount of CO2 in the air beyond 

what natural options can consume. Hence, we need a synthetic approach to capture the CO2 

and sequester or convert into useful products. 

REME (Renewable Energy and Materials Economy) is a technological path which mimics nature 

to create a viable human Circular Carbon Economy to meet our needs while sequestering the 

carbon in our infrastructure just as trees do. REME, like nature’s process, is powered by 

renewable energy and produces the liquid fuels, materials and chemicals we need from carbon 

from the sky and hydrogen from water. We already have all the capabilities to transition to a 

Renewable Energy and Materials Economy 

(REME)(https://elkinstitute.files.wordpress.com/2020/05/remepdf.zip). Scale will be a 

challenge.  But, we need to advance technologies that have the potential to scale. 

Threats create cooperation and a real sense of urgency that provides the basis to build new 

global scale private public partnerships to create the capabilities needed at unprecedented rates 

and scale. The necessity to fundamentally transform our infrastructure will create jobs and 

stimulate global prosperity that will in turn provide increased opportunity to sequester the 

carbon in our infrastructure. This creates a positive feedback between meeting our needs and 

climate change protection (Chichilnisky G, Eisenberger - P. Energy Security, Economic 
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Development and Global Warming: Addressing Short and Long Term Challenges. International 

Journal of Green Economics. 2009 Jan 1; 3(3-4):414-46.). 

Since the inputs to production are more equitably distributed around the planet, conflicts over 

natural resources will also be greatly diminished. The transition to the Circular Carbon Economy 

will address the threat of climate change as carbon is sequestered in our infrastructure and 

underground. By mimicking nature’s process of photosynthesis and carbon cycle, our species 

will meet its needs in harmony with the rest of life. 

We can address the threat of climate change by creating prosperity, equity, peace for all and a 

healthy planet for the rest of life on earth. The amazing fact is that we do not have to invent any 

new capability. But, we will need new technologies. Technology, policy and infrastructure will 

need to be developed together to meet the ambition.  This will take time, but we need to begin 

by demonstrating the various elements at a meaningful scale. 

We have to utilize the existing energy capabilities in a way the advances climate change 

protection (https://chichilnisky.com/pdfs/Carbon Negative Power Plants.pdf) to ensure the 

needs of energy poor populations are met while we develop and scale up the technologies 

needed for REME. We cannot expect the energy poor populations to wait to have their basic 

needs met but we need to do so in a way that enhances our climate change protection. 

Thus, addressing the threat of climate change creates a positive vision for our future. This is an 

exciting opportunity that many will seek to join led by the younger generation whose future we 

are all fighting for.  
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 TECHNOLOGY 

Report  
Contributors:   

Peter Eisenberger, Marcius Extavour, Christoph Gebald, Christopher Jones, 
Klaus Lackner, Matthew Realff, Stephen Oldham 

Findings 

1.      Direct Air Capture (DAC) is a Carbon Dioxide Removal technology that can scale to remove 

CO2 from the atmosphere at the rate of tens of Gigatonnes per year, which is needed to address 
the threat of Climate Change. We concur with the IPCC and other assessments that one cannot 
at the same time meet the growing demand for energy necessary to address global poverty, 
switch to renewables, and reduce emissions fast enough to avoid catastrophic climate change. 
Driving emissions to zero just by phasing out fossil fuels cannot be achieved without hurting 
billions of energy starved people, unless CO2 concentration were allowed to go well past 500 
ppm, far beyond the 450  ppm target needed to meet the 2 degree Paris Agreement.  

2.     Today there is about 1000 tonnes per year of installed DAC capacity. With a doubling rate of 
2 years, it would take about 50 years to reach 20 Gigatonnes per year allowing CO2 
concentrations to go above 500 ppm as shown in the table and figure below (White Paper). The 
Paris target of less than 2 degree warming is closer to 450 ppm. Meeting this target without 
overshoot would need doubling capacity every year. This would be much faster than solar 
energy has developed over decades, but doubling nearly reached such levels (3 yr doubling 
time) when governments have mobilized industry to develop solar energy.[1]  When 
governments have responded to an imminent threat, even faster doubling rates have been 
achieved, albeit for short periods of time.[2] 

3.    Delaying the start of mobilization, like delaying the response to the Pandemic,  will increase 

the amount of CO2 that needs to be removed, shorten the time available to remove it, and 
increase the irreparable damages from an overshoot. The world is already late in developing the 
necessary DAC capacity and any further delay will exacerbate the damages and increase the risk 
of catastrophic harm. We need to start as soon as possible to develop the needed DAC capacity. 

 

 

 

[1] https://en.wikipedia.org/wiki/Growth_of_photovoltaics 

[2] https://www.pbs.org/thewar/at_home_war_production.htm 
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Table 1.  

 

Year 
 Double in 2 Double in 1 

2020 Max concentration 494 450 

 
Max Capacity (Mtonne CO2/year) 31999 24867 

2025 Max concentration 510 464 

Max Capacity (Mtonne CO2/year) 40069 30411 

2030 Max concentration 524 481 

 
Max Capacity (Mtonne CO2/year) 53445 44440 

 

Fig. 1 

 

4.   Given the time urgency, taking advantage of existing industrial capabilities is critical. 
Particularly, the petrochemical industry has the capacity to successfully address the climate threat 
in the time needed. Connections to other industries must be considered as well.  Opportunities for 
developing countries are particularly important. Stand-alone systems that combine low-cost, but 
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intermittent, renewable energy, with combustion-based power, could combine DAC and 
point-source capture with bio-fuels, synfuels, or even fossil fuels to create net-negative emissions 
to create an additional source of revenue while leapfrogging toward a better energy 
infrastructure.  

5.     More generally, developing DAC capability in time and on scale requires cooperation between 
and amongst governments,  innovative DAC companies and established industries.  Such 
cooperation does not preclude competition, but it offers all DAC companies a chance to grow the 
overall market opportunity.  Once DAC is recognized as an important contributor to balancing the 
carbon budget, the challenge is filling unmet demand rather than fending off potential 
competitors. 

6.      There are currently a handful of DAC companies who assert that their technologies can 
remove CO2 from the air at between $600 per tonne and $200 tonne and at scale  could capture 
CO2 from $100 to under $50 per tonne. They each have large scale demonstration projects 
scheduled to come online in the 2022 to 2023 time frame. That such low costs are achievable has 
been confirmed  by a study of DAC carried out by the US National Academy. Typical learning rates 
would suggest that DAC could drop below $100 per tonne by the time it reaches a capacity of 1 
million tonnes per year, which is far less than what is required for fighting climate change. 
Reaching $50 dollars per tonne at the Gigaton scale, would put the cost of removing 20 
Gigatonnes of CO2 from the atmosphere at one trillion dollars. This is likely less than 1% of the 
annual Global GDP in 20 years from now. Thus, the cost of DAC is not a likely constraint in 
addressing the threat of climate change. The challenge is creating the needed capacity in the time 
available to avoid potentially catastrophic climate change.  

7.      The CO2 removed from the air can be sequestered underground or in materials like carbon 
fiber, concrete, and synthetic aggregate. Using the captured CO2 to make materials that sequester 
CO2 is part of a Circular Carbon Economy that also includes producing renewable synthetic 
gasoline using CO2 from the air and hydrogen from water just as nature does. The transition to a 
Renewable Energy and Materials economy can create jobs and stimulate global economic 
prosperity in a sustainable fashion. In fact, the transition creates a positive feedback between 
growing the economy and meeting the challenge of climate change. Growth creates new uses for 
captured CO2 and a larger infrastructure to hold carbon.  On the other hand, the economics must 
work out. If there is not enough use for the CO2 removed it will have to be permanently disposed 
of.  Either way, this new carbon-cycle industry will create jobs and add to global prosperity.  At $50 
per tonne of CO2, the cost of recovering the CO2 produced by a barrel of oil is about $20. Whether 
the CO2 is sequestered or reused in synthetic fuel, the cost of closing the carbon cycle need not 
exceed historic fluctuations in the price of oil. 

8.     Closing the carbon cycle will require a brand-new industry for carbon removal with DAC as a 
leading candidate. This offers large economic rewards to those who seize the opportunity.  Myriad 
other opportunities will arise in further processing the captured carbon.  To realize the Circular 
Carbon Economy that transforms the removal of CO2 from a cost to creating wealth requires 
technology that can transform the CO2 from the air and hydrogen from water into useful (or at 
least stable) materials. There are many innovative technologies being developed that also need to 

7 



scale and reduce their costs.  These carbon-to-value technologies will create jobs while addressing 
the risk of climate change. 

9.      There have been many studies (will provide a list in references ) of DAC technology that 
recommend research and development programs that are necessary but are not at the scale 
needed to address the threat of climate change in the time needed to address the threat of 
climate change. Assessments of research needs are further complicated by the fact that DAC 
companies need to protect their proprietary information and very little practical R&D has 
happened outside these companies.  

10.     To address the threat of climate change one needs a different carbon accounting to 
accurately value carbon dioxide removal over emissions reduction. In the future the extraction of 
fossil carbon needs to be matched by carbon removal, and past carbon emissions will likely have 
to be removed as well. The accounting and incentive structures necessary for stabilizing CO2 in the 
atmosphere at a safe level still need to be developed and go well beyond dealing with offsets and 
carbon taxes. 

Recommendations  

1.  DAC companies should form an industrial organization where they can speak with one voice as 
to the status and the needs of DAC technology. They should support more accurate assessments 
and through this organization provide accurate information as to the status of DAC technology. 
Individual companies can then endorse those recommendations they strongly support and offer 
new recommendations as the field evolves. 

2.  The DAC companies should build upon that experience to determine other ways they can 
collaborate with the objective of maximizing the adoption of DAC technology. This might include 
creating a R&D road map for DAC, cross-licensing and cooperation on developing the needed 
capacity in time to prevent catastrophic climate change.[KL1]  

3.  The dual use of DAC technology in providing input to a Circular Carbon Economy and in 
addressing the climate threat should be supported by government programs that support R&D for 
carbon-to-value technologies using CO2 from the air as input.  Governments should also support 
the permanent sequestration of CO2. 

4.  Governments should also create procurement policies to [KL2] buy products, fuels and 
materials made from CO2 from the air where feasible and cancel out their own emissions by 
purchasing certificates of sequestration. Government support needs to address the well-known 
Valley of Death where the technical risks of a-first-of-its-kind plant scare off investors. 

5.  Private/ public partnerships should be developed as well as industry wide efforts to advance 
the scale of DAC capacity and the associated supply chain capacity. Government has a crucial role 
to play in mobilizing industry and by encouraging, supporting and enabling cooperation within a 
given industrial sector. 

6.  Public/private support should be provided for the equivalent of a Manhattan Project to 
demonstrate the performance and scalability of DAC technology. This should be done as soon as 
possible with the objective of creating a DAC capacity of one million tonnes and lowering the cost 
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of DAC to about $100 per tonne. This program should cost under one billion dollars and forms the 
basis for the rapid growth to keep CO2 concentrations under control. 

7.  The establishment of a global version of a NASA like agency to coordinate and support where 
needed a “Going to the Moon “ type effort to scale to 20 Gigatonnes in 24 years. [KL3]  This 
should be done with global cooperation with special efforts made to develop a DAC industry in 
energy-poor regions. A Marshall Plan equivalent would be very helpful in enabling the needed 
infrastructure to be built and would create greater demand for materials that could use 
products made from CO2 from the air. 

8.  The planning for the mobilization effort should proceed in parallel with the demonstration 
program because one can not afford the delay of doing it in series. The demonstration target of 
$100 per tonne is reasonable because the National Academy Study concluded costs much lower 
than that are possible. Further support can be provided by the DAC companies allowing the 
established companies with carbon capture expertise share the results of their due diligence. 

9.  New programs in our colleges and universities should be developed to train for the many jobs 
that mobilization and the commercial sector of DAC will generate. 

10. A carbon policy that puts the burden of sequestration on those that extract sequestered 
carbon from the ground will both slow the rate of hydrocarbon use and encourage the 
development of DAC capacity. 

  Inputs 

https://www.wri.org/blog/2019/09/what-does-net-zero-emissions-mean-6-common-questions-answered 

White Paper , Peter Eisenberger , Mattew Reallf ,Klaus , Graciela 

https://elkinstitute.files.wordpress.com/2020/05/remepdf.zip. 

nationalacademies.org/our-work/developing-a-research-agenda-for-carbon-dioxide-removal-and-reliab
le-sequestration, aip.org/fyi/2019/moniz-making-case-11-billion-carbon-removal-initiative, 

https://bipartisanpolicy.org/report/investing-in-climate-innovation-the-environmental-case-for-direct-air-
capture-of-carbon-dioxide/ , 

https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/5d899d4896f52922ff1abe87/156
9299790280/EFI+Clearing+the+Air+Fact+Sheet.pdf, 

Economic Development and Global Warming: Addressing Short and Long Term Challenges. International 
Journal of Green Economics. 2009 Jan 1; 3(3-4):414-46. 

https://chichilnisky.com/pdfs/Carbon Negative Power Plants 

https://en.wikipedia.org/wiki/Growth_of_photovoltaics 

https://www.pbs.org/thewar/at_home_war_production.htm 
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COMMERCIAL/Carbon-to-Value  
Report 

  
Contributors:  

Cheryl Martin (Chair), Gabriel Constantin, Etosha Cave, Nicholas Eisenberger,  
Robert Schuetzle, Sameer Rashid (Staff Facilitator) 

● Frame & Scope  
○ Consider DAC as a Global market; acknowledging regional differences 
○ Role of Markets in DAC mobilization; two phases: 

■ Phase I: Crossing the 1st Valley of Death - Getting to 1-3M tons of 
installed DAC capacity which is expected to move DAC down the cost 
curve towards $100 or less 

■ Phase II: True Mobilization - a doubling of installed capacity every 18 - 
24 mo and further cost reductions 

○ Focus is on understanding where demand can be created/accessed at 
increasingly higher levels with a focus on a) speed to demonstrate key 
breakpoints that open up further demand (either through demonstration of 
success or scale) and b) where capital may be accessible 

○ We focused similarly to the finance subgroup on the question:  how do you 
most efficiently buy down the cost through investment, subsidy and demand 
creation. 

● Background and Discussion 
○ Market today and future potential for carbontech (Carbon 180 report).  

  
The economic opportunity for carbontech is huge: The US total available market 
(TAM) is $1.07 trillion per year, and global TAM is $5.91 trillion per year. The 
total available market includes all revenue from products that could be feasibly 
made from carbontech materials or conversion processes.  The largest segment 
today is fuels, which composes 85% of the U.S. market and 66% of the global 
market. The top three global markets in value include fuels ($3.82 trillion), 
building materials ($1.37 trillion), and plastics ($0.41 trillion) 

  
The focus in this summary is on Commercial applications and using those 
applications to both drive DAC scaling and create economic opportunity. 
However, we also acknowledge that some commercial applications will have 
little positive impact on carbon removal (beverage carbonation), even if 
preferable from a mitigation perspective (substituting air carbon for new fossil 
carbon). We believe that narrowing the focus to durable carbon in the short 
term is not the quickest way to drive down the cost curve.  

  
○ DAC costs and anticipated trends 
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DAC CO2 cost estimate range (supplied by DAC companies - info pulled 
from technical subgroup document): 

■ Today costs range from $600 to $200 / ton 
■ Estimate at 1M tons cost drops to ~$100/ton 
■ Then drops further at ~16M tons to  ~$50/ton 

■ Assumptions related to these numbers are noted in the technical group 
report.  Note that there is analysis by NAS that costs below $50 are 
possible: National Academy of Sciences estimates potential for $18/ton 

○ A few details on the current market and high end price range for CO2:  
  

The highest market price is $1,000 per ton via some island nations and the CO2 
is imported by ISO containers, but is not a big market. The US average is around 
$150/ton (liquid food and beverage grade). 98% of raw CO2 is purchased  by 
industrial  gas companies, purified, liquified and supplied to the industrial 
merchant customers as liquid bulk.  

  
DAC may be most useful for the CO2 industrial merchant market in  the 
southern hemisphere region due to lack of local rich raw CO2 sources - South 
America, Africa, Southeast Asia, and Island Nations 

  
○ High level summary of potential market pathways.  

  
The group has discussed  markets in a number of ways -- where can DAC 
produced CO2 compete today on price? where does DAC produced CO2 have 
some inherent advantage (distributed nature of production combined with 
downstream conversion processes etc)? What markets currently have 
government incentives that make the cost stack favorable?  What type of CO2 is 
used in the market (industrial gas versus liquified, beverage grade) and what 
markets does this indicate may be more available for DAC?  

  
In addition, we recognize that in all instances DAC needs to be able to note why 
its use brings additional value versus other technologies to source CO2 (CC etc). 
We had time to discuss some of these -- ability to co-locate smaller DAC plants 
alongside conversion technology plants, the desire by consumers for net zero 
approaches. However, this needs to be explored further. (see appendix for more 
details) 

  
○ Which markets are viable in Phase I to get to the target of 1M tons?  

  
While the group believes that much more work needs to be done to bring the 
market analysis to a credible and actionable level, our very preliminary ideas for 
Phase I  would include markets such as:  greenhouse/Ag, carbonation of 
concrete, water pH control, EOR, sequestration.  Many of these markets have 
pilots being implemented by DAC companies and their partners today.  

  
Some of these markets would be accessed via distributed mfr and need to be 
matched in local size and plant size - likely min of single digit kiloton annual 
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capacity.  We have noted that there may be companies willing to pay for 
low-carbon products, but we did not have sufficient time to determine if these 
one-off demands today can lead to markets where buying consortia could 
aggregate companies and drive demand. 

  
Some further details on these Phase 1 market ideas: 

■ Markets where DAC is at competitive with CO2 price today 
■ CO2 in island/other (specific subregions from above list: South 

America, Africa, Southeast Asia?):  Size: 10 to 20 tpd CO2  island  
■ Food and Beverage 

■ Markets where early adopter companies will pay a premium over 
current products (could be due to their decarbonization commitments 
and use of internal carbon pricing/carbon tax, willingness to pay green 
premium to help drive down cost curve etc or is mandated by 
governments) 

■ Market #1: potentially other CO2 markets where the price gap is 
not closed;  these need to be identified 

■ Market #2:  some companies are interested in sequestration 
with long term commitment 

■ Not a market, but an approach for funding:  Stripe, as part of 
their Negative Emissions Commitment, is providing funds 
directly to Climeworks to scale DAC  

■ Markets where there is a government subsidy that closes additional gap 
■ EOR (linked to 45Q tax credit in US; others?) 
■ Sequestration/mineralization: governments willing to pay 

subsidy (also part of 45Q in the US, others?) 
■ Concrete (Canada incentive, others?) 
■ Green gasoline (EU  incentive, others?) 

○ Which markets open up as we accelerate through Phase II at <$100/ton? 
■ The above markets can, in some cases, continue to grow and should 

accelerate as DAC price declines. In addition, there are clearly markets 
such as plastics, fuels, other sequestration concepts etc. that could be 
very large markets and would certainly be part of Phase 2. However, in 
many cases these require further research and integration with other 
technologies. Again, some of these have work going on today via 
partnerships between DAC companies and startups as well as large 
companies and governments. (see appendix)  

○ Key challenges / barriers 
■ Cost of DAC produced CO2 today and compelling evidence on the slope 

of cost curve 
■ Access to capital - both R&D and scaling 
■ Policy drivers 
■ Commercial demo partnerships 
■ Simultaneous development of and integration with enabling 

technologies to use the CO2 captured; scale-up could be limited by 
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materials shortages, regulatory barriers, infrastructure development 
(e.g. renewable electricity)  

○ Key opportunities 
■ Demonstrating success at key breakpoints in the cost curve will drive 

comfort that the technology is real and future costs may be accessible. 
This should bring more demand to the table to help with 
demonstrations. 

■ There may be some additional existing sweet spots or lower-hanging 
fruit that could be utilized with existing technology if we could may an 
overlay of green-enabling resources (cheap renewable electricity, waste 
heat, biogenic methane,etc) 

● Vision & Mobilization Milestones for this area  
○ 10MM tonnes of DAC deployed for conversion by 2030  

  
● Key Leverage Points - What mechanisms might create the MOST momentum for 

mobilization in this area  
○ Scientific and business communication about price/cost targets, CO2 Life Cycle 

Assessment  and business case/model benchmark against flue gas capturing. 
Why should I capture it from air when I can capture it from flue gas?  

○ Demonstration of technology at scale (with robust online performance) and 
confidence in potential for moving down the cost curves 

○ Public and private sector commitments to provide subsidy capital 
■ Procurement policies (gov’t requiring low-carbon concrete etc) 
■ Carbon neutral/negative goals (country and corporate level) 
■ Internal Carbon Pricing 

○ Investment policies/approaches (see finance subgroup work) 
■ Examples: ITC like incentives to co-fund demonstration and deployment 
■ Green bank financing for early/small-scale projects 

○ Certifications 
■ Certification system/third-party engineering assessments to de-risk 

technology 
■ “Organic Stamp” for C2V-based products 

○ Identify the other technology dependencies for large scale DAC mobilization 
■ Hydrogen 
■ Carbon fiber 
■ Low cost renewable energy 

● Key Dependencies or Intersection Points with other Working Group topics  
○ Technology - Current techno-economics of DAC solutions strongly influence 

where to focus on initial C2V market opportunities 
○ Finance: investment and subsidy approach / options 
○ Policy 
○ Other inputs/variables e.g. cheap/clean energy, pipelines, H2, water, land 

● Constituencies critical for mobilization in this area (particularly in the short term)  
○ Permanent removal early adopters 
○ Consortia of companies committed to decarbonization/climate 
○ Corporate Chief Technology Officers 
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○ Latin American channels to market (i.e. industrial gas companies) 
○ Island projects where cost per ton is very high 
○ Green banks 
○ Third-party engineering firms/certification orgs 
○ State and Federal governments 
○ Policy groups 

● Action Plan Recommendations - What are the key go-forward recommendations of this 
Working Group for realizing DAC Mobilization in the shortest time  

○ Valide submarket/pricing segmentation, barriers to entry etc and how to stack 
up projects / costs to get to 1M tons and 16M tons. 

○ Approach consortiums such as We Mean Business with data and messaging to 
engage groups of companies by sector to help scale 

○ Approach companies with strong net zero goals (Microsoft, Nestle, Unilever, 
Amazon etc) as well as companies with strong positions in some of the 
conversion technology areas (BASF, Solvay etc for partnerships) 

○ O&G companies and Industrial gas companies - with strong decarbonization 
commitments. 

○ Highlight successful pilots with cost/performance info across the consortium 
with third party validation? 

● Notable Reference Materials/Reports - What background material has the Working 
Group based its recommendations on and would offer for reference for others? (3-5 
bullets) 

○ See the Market Report Library 
● APPENDIX with details from work on Potential Markets 

○ CO2 direct utilization without conversion e.g. dry ice, beverages 
■ Size of market, price points 6M Mt/ year (for food and bev - from article 

on Climeworks pilots) 
■ Demonstration projects going on between: 

■ Swiss power plant to greenhouses with Climeworks 
(food & ag)  -- 900 mt/year  

■ Coca-Cola/Valser and Climeworks (beverage) -600 
tons/year  

■ CO2 conversion - carbon neutral e.g. liquid fuels 
■ Size of market, price points  -extremely large market 
■ Conversion technology maturity for some approaches is quite 

high and at scale;  estimated range of cost of fuel production; 
estimated cost with DAC (indicate if integrated or separate 
assumed) 

■ Gap:  
■ Publicly announced projects:  

■ Carbon Engineering has installed its Air to Fuel pilot 
technology and is producing 1 barrel of fuel per day 
(from company website); announced July 2020 MOU 
with Aerion for jet fuel 

■ European Industry consortium (Norsk-e-fuel) 
announced June 2020 to produce fuels from Climeworks 
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DAC CO2 technology to produce 10M litres by 2023; 
plans to scale to 100M litres by 2026 

■ Climeworks plant in Troia, Italy; 150 mt/year converting 
to methane and then to green gas using H2 from solar 
electricity 

■ Efforts to lower carbon intensity of fuel being made 
■ Use of negative-emissions H2 in fuel synthesis could 

greatly reduce or turn negative the CI of the fuel 
produced, increasing C credit revenue. (e.g. Planetary 
Hydrogen; biomass gasification with CCS) 

■ CO2 conversion - ultimately waste product e.g. plastic (neutral or 
negative) 

■ Size of market, price points 
■ HDPE/LDPE/LLDPE current market = 85.5 Billion 

globally, by 2025 = 142 Billion. Source: Tecnon Q3 2011; SRI; 

McKinsey and public information, IHS Markit 

■ Price = $1,000 to $1,500 per ton.  Source: ICIS 

■ Why DAC for this application versus alternatives like CC? 
■ DAC lands better with a consumer facing product. 

Consumers are willing, in some cases, to pay a premium 
and could help offset the cost of DAC.  

■ Conversion technology maturity; estimated range of cost 
plastics conversion technology;  estimated cost with DAC 
(indicate if integrated or separate is assumed) 

■ Gap: 
■ Publicly announced projects:  

■ Have any DAC companies announced projects in this 
space? 

■ Demonstration of low carbon end products 
■ Newlight AirCarbon plastics (commercial) 
■ Opus 12, CO2 to plastics or fuel (pilot) 

■ CO2 conversion - durable carbon e.g. concrete, carbon fiber 
■ Concrete 

■ Size of market, price points 
■ Conversion technology maturity; estimated range of 

costs for conversion of CO2 to concrete; estimate plus 
DAC (integrated or separate) 

■ Gap 
■ Publicly announced projects: 

■ Have any DAC companies announced projects in 
this space? 

■ Demonstration of low carbon end products 
■ Carbon Cure - lower carbon cement 

(commercial) 
■ Solidia - lower carbon concrete products 

(commercial) 
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■ Carbon Fiber 
■ Size of market, price points 
■ Conversion technology maturity and estimated range of 

cost for carbon fibre production; cost including DAC 
(integrated or separate) 

■ Gap 
■ Publicly announced projects: 

■ Have any DAC companies announced projects in 
this space? 

■ Demo on carbon fiber synthesis 
■ XPrize finalist?  CO2CNT 

■ CO2 conversion - ocean alkalinity/antacid solute production with 
sequestration 

■ Spontaneous conversion of conc CO2 to dissolved 
bicarbonate/carbonate via reaction with limestone and 
seawater, or with waste or manufactured chemical bases 
(hydroxides, carbonates, oxides). US example, German example, 
electrochemical example  

■ Massive use/storage capacity  
■ seawater already contains some 140,000 Gt CO2 

equivalent in the form of stable, dissolved bicarbonate 
and carbonate. 

■ Paying markets developing  
■ Provides cost-effective coastal CO2 storage for DAC 

where CCS is not possible (or too expensive) 
■ Counters ocean acidification in critical marine 

environments, e.g. acidifying Great Barrier Reef, oyster 
farms, marine protected areas, etc 

■ CO2 Mineralization / Sequestration and EOR 
■ Capacity of storage potential: estimates of 25 trillion MT of 

sequestration capacity (Sally Benson comments);  
■ Conversion technology maturity and estimated range of cost; 

for sequestration - $2-$15/ton (Sally Benson) ;  plus DAC 
(assume integrated at site).   note: significant gaps in 
fundamental understanding of reaction processes for 
mineralization 

■ Publicly announced projects: 
■ Mineralization:  Since 2017, at a power plant in Iceland 

Climeworks removes CO2 from the atmosphere at 
50mt/yr and mixes it with water and pumps it 
underground, where it is mineralized 

■ EOR: Carbon Engineering and Oxy Low Carbon Ventures 
for a 1M ton/year for EOR use in Permian basin 
(announced Sept 2019; construction expected in 2021) 
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■ Exxon Mobil and Global Thermostat for demonstration 
of DAC and evaluation of conversion opportunities (June 
2019) 
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Contributors:  
Richard Kauffman (Chair), Graciela Chichilnisky, Jonathan Goldberg,  

Dan Matross, Jigar Shah, Vivian Sorab, Edward Hill (Staff Facilitator), Zach Koser (Staff Facilitator) 
 

I. Frame & Scope 

Trillions of dollars of capital will need to be mobilized into carbon capture projects.  The good 

news is that there is ample capital available looking for long-dated stable returns, since there is 

a global asset-liability mismatch:  long-dated liabilities with inadequate supply of long-dated 

assets.  The other good news is that there are many financing structures that have already been 

invented but merely need adaption to address the capital needs of carbon capture. 

“Unlocking financing” for climate change solutions has been a common theme among NGOs, 

academics and governments.  While there are some structural issues--fitting financing of carbon 

capture into existing silos of investing--finance follows creation of demand for projects; it 

doesn’t create projects.  With sufficient supply of projects--from market participants or through 

government policy or both--there is ample human and financial capital to derive financing 

solutions.  As such, this report relies upon findings of the technology, commercial development, 

and government policies working groups.  

This report has two areas of focus:  i) deployment projects developed by independent 

developers; and ii) project deployment in developed countries. We assume that credit-worthy 

corporations or governments that wish to purchase carbon capture equipment have ready 

access to financing through their own balance sheets, while independent developers will need 

to rely on non-recourse structures supported by cash flows from the projects themselves.  And 

while we recognize that climate change cannot occur without meaningful capital being deployed 

for solutions in developing countries--and that energy poverty must also be addressed--we focus 

our attention on developed markets first, with the belief that once technology, policy and 

financing structures are established in these markets, it will be easier to adapt these solutions to 

developing markets. Given that others have labored for years--with limited success--in trying to 

solve the problem of directing more capital for climate change solutions to developing 
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countries, we have a difficult enough problem addressing the financing of carbon capture 

solutions in developed countries without taking on a second one.  

Based upon the conclusions of the technology team, this paper focuses on the financing of 

deployment of projects, not on R&D or on scale-up financing.  While additional pilots and 

continued technology development need to occur, we are assuming that the industry is ready to 

start deploying projects, even if these initial projects are at high costs and that there are enough 

customers to begin to scale the industry enough to bring costs down $50-100/ton.  With a line 

of sight to these costs, sufficient demand should create a large enough economic prize to attract 

large corporate actors to invest in manufacturing facilities and stimulate enough private equity 

capital formation to support smaller company development.  We also assume, further to the 

policy paper, that the government will provide R&D support.  In a mobilization scenario, any cost 

sharing by the private sector should pose little obstacle. 

This paper addresses financing issues in two phases:  Phase 1 will utilize market mechanisms to 

facilitate DAC projects. Phase 2 recognizes that true mobilization will require more than scaling 

up Phase 1 financial structures. It will require ambitious policy, government procurement, and 

public-private cooperation to achieve annual doubling in capacity. 

II. Background 

Phase 1: 

The first phase assumes the use of markets to facilitate DAC projects in high-income 

developed countries. It is expected that at 1M tons of installed DAC capacity,the cost 

curve would move down to $100/ton. It is expected to move down to $50/ton at 16M 

tons of installed capacity. [from Commercial WG] 

Given the high costs of these initial plants, there will be two market segments: 

1.   Philanthropists that will pay for permanent sequestration of carbon 

2.   Corporate buyers that have strategic motivations or face very high local costs 

of CO2 

As costs decline, the corporate market will expand to include: 

1.  Companies that will purchase “green” CO2 for their own use. 

2.  Companies that will purchase CO2 as a commodity but who aren’t willing to 

pay for the environmental benefits of DAC.  Currently, Air Liquide estimates that 

the current non-EOR merchant CO2 market is 20MM tons per year. This number 

does not include, of course, emerging carbon to value demand.  

In assessing the financing issues of all these types of projects, there are two main 

elements of value: 

1. the underlying commodity (the CO2 itself) and 
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2. the environmental attribute (the positive benefit of reducing CO2 in the 

atmosphere) 

  

Two ways for buyers to acquire CO2: 

1. they will purchase the equipment themselves.  These entities will generally 

have adequate balance sheet capacity to finance the projects themselves.  

2. the CO2 will be purchased through a third-party developer based upon 

contracts to purchase CO2--which is much more likely than outright purchase 

  

These elements of project value and ways that buyers procure them mirror those of the 

solar industry.  As such, financing structures exist from the solar industry that can be 

applied to financing DAC projects:  In the solar industry, revenue streams from RECs 

(which represent environmental benefits) and underlying electricity commodity that 

support project debt and equity, plus use of tax equity. Corporate buying of renewable 

power represents a majority of power purchase agreements. 

  

Financing streams for third party developer by category: 

A. Blended contract for commodity and environmental benefits from 

corporate offtake contract to support project debt and equity; 45Q tax 

equity.  As many independent developers have little taxable income (because 

they are small entities or the projects have substantial depreciation, and 

therefore little taxable income), tax credits must be monetized by finding tax 

equity “partners,” typically financial institutions that use the tax benefits. The 

tax equity market is limited to a couple of dozen institutions. 

B. Corporate offtake contract for commodity; environmental credit from third 

party; 45Q tax equity. LCFS (low-carbon fuel standard credits); there are also 

a variety of proposed incentives in Europe, including in Germany and the UK 

Development Fuel Certificates 

C.Contracts from philanthropists to support project debt and equity; 45Q tax 

equity 

  

Phase 2: 

Further in the future, the second phase assumes potential for aggressive government 

procurement and mandates. Phase 2 requires mobilization that exceeds simply scaling up 

the Phase 1 financial structures. 

Phase 2 will also incorporate bringing projects to lower and middle income countries, where 

future emissions are expected to be high under business-as-usual scenarios. 

Across each phase, we must consider both carbon sequestration and carbon-to-value. 

Additionally, there will be roles for both the public and private sector to play. 
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III. Vision & Mobilization Milestones 

  

Phase 1: 

  

In this phase, we will need to address the following financing challenges: 

1.  the willingness for companies to pay a relatively high price for carbon from 

DAC when there are other, cheaper, carbon offsets in the market 

2.  which entities would pay for environmental attributes and how much, if any, 

for projects that use CO2 for value 

               3.  the tenor and price certainty of contracts for environmental attributes 

4.  securing project debt and equity--will likely require investment grade offtake 

contracts, guarantees of equipment performance and guaranteed O&M contracts 

5.  tax equity for 45Q 

  

A number of these challenges can be addressed by establishment of REC-equivalent market for 

DAC.  While there are other carbon offsets, they are inadequate to address climate change.  A 

DAC carbon credit would represent a premium, or higher priced credit. In addition to established 

verification standards, this market should be developed for long-dated, fixed price contracts; 

spot prices do not provide enough revenue certainty to support non-recourse project finance. 

  

DAC credits should have different grades related to permanence. With DAC and sequestration as 

standard, lower priced RECs for jet fuel, carbon fiber, etc. can be introduced. Establishing a DAC 

credit as the highest price grade will prioritize DAC over carbon capture from existing sources 

due to highest net removal or CO2 and greatest environmental benefit. 

  

Proof of concept in this phase is required to foster additional buy-in in the future. Movers into 

the space may come in different waves (in approximately this order): 

1. companies motivated purely by environmental benefit 

2. companies going after environmental benefit if supplemented by 45Q/LCFS 

3. companies that would want to be able to sell their carbon RECs 

4. niche markets that are supported by environmental attributes, any available credits, 

and products (carbon-to-value) 

  

Government action—by setting a floor price on LCFS or DAC credits, through SEC/CFTC setting 

standards for the credit market—or through a collaboration of participants in the voluntary 

market would help establish this market. 

  

In addition to a carbon REC market, there could be a commodity-only market for CO2. This 

market will develop once costs of DAC become low enough to supplant existing sources and new 
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opportunities for CO2 to value emerge.  A commodity-only market can further help financing of 

more projects by establishing a credit-worthy stream of revenue for the commodity value 

stream of a project.  The establishment of a DAC credit for environmental attributes and a 

commodity market for the commodity enable projects to be bundled and unbundled. 

  

To achieve the movement on the cost curve to get to a $100/ton price, we expect a $500million 

investment to be required. (Assuming average $500/ton for first 1M tons) 

  

 

Phase 2: 

The Policy working group has proposed a variety of actions under mobilization: 

  

1. Direct government procurement of CO2.  Assuming Government enters into contracts 

for CO2, these contracts will support project debt and equity for independent 

developers and for larger companies to access on-balance sheet financing. 

2. Fuel and material standards.  [Note to policy group:  need detail as to how standards 

will be implemented, who will pay] 

3. Loan guarantees.  Providing loan guarantees will lower the cost of debt financing. 

Government should use this authority to stimulate a securitization market along the 

lines of Fannie Mae and Freddie Mac by creating common documentation, collecting 

data on equipment performance and by purchasing loans originated by banks. 

4. Backstops on price of DAC.  This action could help stimulate the DAC credit market. 

5. MLP treatment for DAC.  MLP are yield-oriented, publicy traded equities, that have 

one layer of taxation. This is the form of ownership that gas pipelines use.  It provides 

the lowest cost form of equity for long dated, yield oriented infrastructure assets. 

  

[Note to Policy group:  please pick up activities that relate to markets for DAC credits and 

commodities; also cash grants in lieu of 45Q tax credits; also government providing guarantees 

on equipment] 

  

To achieve movement on the cost curve down to $50/ton, we expect a $1.125b investment to 

be required. (15m tons at an average price of $75) 

. 

IV. Key Dependencies or Intersection Points 

Tech- where on the cost curve are different applications? 

  

Commercial- what level of government procurement is necessary? 

  

Communications- how do we get companies interested in niche markets? 

  

Policy- government support is needed for standard setting; to what extent can legislation 

incentivize DAC over carbon capture from existing sources? 

  

21 



V. Constituencies 

Companies interested in DAC environmental benefit 

Project developers 

Companies creating the carbon-to-value markets 

SEC/CFTC 

  

  

 

VI. Action Plan Recommendations 

1.  Establish relationships with providers of project debt, project equity and tax equity 

2.  EPC contracts and providers of performance guarantees and O&M guarantees 

3.  Standards for REC market 

4.  More to come 
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Graciela Chichilnisky 
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1. Introduction 

  

Resolving Climate Change - for the Second Time 

  

How can financial instruments resolve climate change? 

  

Indeed, an interesting question. Here, I show how this can be accomplished quickly and 

effectively by using existing capital markets and benefiting high- and, especially, low-income 

groups.  

  

The process proposed is simple and can lead to a transformation of our capitalistic economy in 

the direction of human survival. Furthermore, it is realistic and is profitable along the way, 

supporting the transition.  

  

First the basics: To arrest climate change, we need to decrease CO2 in the planet’s atmosphere 

as soon as possible. The financial instruments proposed here can make this happen. Right now, 

we have breakthrough technology to remove CO2 from air at low cost and stabilize it on earth 

into valuable goods and services like biofertilizers, beverages and food, clean fuels, desalinated 

water, and building materials. The role of finance is to fund the scale-up and the global 

execution of the projects that remove CO2. Scaling up is key to decrease costs and to meet the 
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scale of the global climate change problem. We need to remove about 40 gigatons of CO2 each 

year and we need to do it during this decade. Financial markets are nimble and this is key, since 

climate change requires an immediate global solution.  

  

This piece explains how all this can be achieved in three simple steps that must happen in 

parallel; the first step is to update existing carbon markets to focus on the removal and the sale 

of CO2 removed from air. The second step is to attract investment for CO2 removal projects, 

investment that is available to all and particularly to low income groups. The third step is to 

create a financial instrument that is widely available to massive public markets so that the entire 

world can participate and benefit from the breakthrough technology, thus providing the 

enormous liquidity needed to resolve climate change. 

  

A bit more detail can be usefully provided: The first step is to update carbon markets to increase 

carbon removal as well as reducing emissions: the goal is to eventually remove about 40 

gigatons of CO2 per year. The second step is to create a Clean Investment MechanismTM that 

updates the Kyoto Protocol’s Clean Development Mechanism. The third step involves the 

creation of a new type of project finance in the form of an asset backed loan, a bank loan that is 

backed by commercial off-takes for the sale of CO2. Off-takes are how CO2 is currently traded 

around the world. Additionally, within the third step, there needs to be the bundling and 

securitization of these special bank loans to give easy access to the world’s capital markets and 

to small as well as large investors and producers of CO2. 
  

The rest of this article explains the three steps in more detail. 

  

2. Step 1: Updating Carbon Markets 

  

The world’s first carbon market became international law in 2005.  It was originally designed and 

written into the UN Kyoto Protocol in 1997 by the author and later become known as the 

European Union Emission Trading System or EUETS. As the world’s first carbon market, the 

EUETS is a global financial innovation that reduced carbon emissions, while trading and 

transferring nearly a trillion US dollars to developing nations for clean projects since its inception 

through the Clean Development Mechanism of the Kyoto Protocol. Most of the funding went to 

China who used the resources of the Clean Development Mechanism to scale up solar energy, 

leading to the Chinese photovoltaic revolution: by 2020 solar electricity has become less costly 

than the electricity produced by coal. The carbon market’s success led it to be adopted 

eventually by about 40% of humankind – including all of the EU, China, and in some U.S. states – 

California and several Northeastern states. The carbon market works by first limiting the CO2 
emissions of all the market’s nations; those who over emit then must compensate the under 

emitters.   A “price of carbon” emerges from equating supply and demand, and internalizes the 

negative externalities produced by CO2 emissions. Economists now, almost universally, agree 

that a price on carbon is needed to overcome climate change. The main thing is that the carbon 

market works: since it become international law 15 years ago, the EUETS succeeded in its 

purpose of reducing the carbon emissions of its nations by 20% below their original 1997 levels 
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(cf Physics Today Dec 2019, p 28). If the carbon market had been adopted by the rest of the 

nations, the catastrophic risks of climate change we face today would have been overcome, 

since an ongoing 20% reduction of global emissions below 1997 levels suffices in essence to 

resolve climate change. Climate change was, in principle, resolved in 1997 by the creation of 

the carbon market of the Kyoto Protocol that was signed by 160 nations. But while the 

Protocol was originally voted for by the USA, it was not ratified by the USA, who was then the 

world’s largest emitter. This had a major negative impact. Instead, the emissions of the nations 

outside the EUETS increased rapidly and now, according to the UN IPCC and the US National 

Academy of Sciences, reducing emissions no longer suffices. Now, we need to remove massive 

amounts of CO2 from the atmosphere of the planet to avoid catastrophic climate change. 

  

A new technology known as Direct Air Capture (DAC) of CO2 emerged in the last ten years which 

makes it possible to remove CO2 directly from the atmosphere. Several pioneering companies 

are starting to commercialize the removal of CO2: in the USA, Global Thermostat; in Canada, 

Carbon Engineering; and in Switzerland, Climeworks. Global Thermostat’s costs are low enough 

to make it possible to remove CO2 from the atmosphere and sell it at a profit to a large global 

CO2 market. This is a fundamental turn of events: it is now possible to clean the atmosphere, 

grow the economy, and create jobs all at the same time. The issue now is time: when can we 

remove the 40 gigatonne of CO2 that humans emit into the atmosphere every year? The key is 

how to generate enough investment to accelerate and scale up carbon removal from the 

atmosphere as needed to overcome climate change. Time is of the essence. And time is money. 

  

By introducing a new type of financial instrument that is now patent pending, created by the 

author, the scope needed to scale up the carbon removal technology fast exists: accelerate the 

removal of CO2 directly from the atmosphere at costs that are low enough to make profitable 

the sale of CO2 to a large existing CO2 market. With the help of these new financial instruments, 

it is possible, now, to complete the job that the UN carbon market started 15 years ago and 

resolve climate change - for the second time. 

  

3. Step 2: The Clean Investment Mechanism 

  

The Kyoto Protocol was the right solution in 1997 when it was created. Unfortunately, it was 

only partially implemented globally. Our failure to implement it around the world requires that 

we change gears now. 

  

The carbon market starts by setting emission limits for each trading nation – limits that are 

mostly determined by scientists. Now, however, these limits in emissions in turn must be 

complemented or replaced, since the UN IPCC and the US NAS determined that, only by 

removing massive amounts of CO2 from the atmosphere, can we prevent catastrophic climate 

change now. 

  

We, therefore, need to change the financial instruments that were created in 1997, the carbon 

market credits and also the carbon market Clean Development Mechanism. 
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The carbon market required emission limits for each nation. Instead of (or in addition to) 

emission limits we now must require a minimum level of carbon removal for each nation. In 

total, we need to remove 40 gigatonne of CO2 from the atmosphere each year starting in this 

decade, which is about how much humans are emitting globally.  

  

Right now, DAC technologies can remove CO2 from air at a cost that is low enough to sell the 

removed CO2 at a profit. Therefore, the emission limits must now be replaced by “CO2 
production targets,” where the CO2 is extracted or produced from the atmosphere. And now, 

instead of the nations that are over-emitters paying those who are under-emitters, in the new 

carbon market, the nations who are under producers of CO2 from air will compensate those who 

overproduce CO2 from air. 

  

To introduce flexibility, the nations that remove CO2 under their targets can compensate the 

over producers with the investment needed for producing the CO2 in which they are short. Best 

in mind that the investment is for profitable projects, so this represents true capitalistic 

investment which makes profits, creates economic progress and new jobs – all while it cleans 

the atmosphere. 

  

I decided to call this structure the Clean Investment Mechanism (CIM), as it is the new, 

profitable version of the Kyoto Protocol Clean Development Mechanism that successfully 

transferred resources for developing nations projects under the Kyoto Protocol.  

  

The CIM is a positive response to the Byrd Hagel law of 1997, a US law that vetoed the US from 

adopting emission limits as a nation – and therefore blocked the US from ratifying the Kyoto 

Protocol – if such emission limits damage the US economy. The new carbon market proposed 

here follows the Byrd Hagel law and it overcomes its veto, because all the projects 

contemplated under the CIM are profitable. Observe that the investment from the CIM will 

typically favor lower income regions with reduced access to financial resources or technology 

access, the same way that the Clean Development Mechanism of the Kyoto Protocol favored 

lower income nations. 

  

4. Step 3: Massive Liquidity from Global Capital Markets 

  

To scale up carbon removal to the massive amounts that are required to reverse climate change, 

according to the UN IPCC and the US NAS, it is needed to have access to large capital markets of 

a scale comparable with the global mortgage backed securities markets – about $1trillion or, 

perhaps, more. To achieve access to such levels of liquidity, the author created a new patent 

pending instrument that is briefly described as follows. The execution of each carbon removal 

project can use project finance backed by contracts such as CO2 offsets as assets. What has not 

been done yet and is patent pending by the author is to engage large engineering firms to offer 

not just their equipment building services but also the project finance needed to build the 

equipment, and to institutionalize the CO2 offtake so its returns are initially preferential to the 
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engineering firm until they are paid back. The project finance then reverses the returns flow 

priority to the technology provider; this methodology is used by the author at Global 

Thermostat. This way, the off-take revenue flow is shared by the technology provider and the 

engineering firm. A partnership is thus created by the technology provider, bringing not just the 

technology but also the client’s offtake, and at the same time the engineering firm becomes a 

true business partner with incentives to lower costs, increase performance, and increase speed 

of delivery.  

  

Together with Barclays Bank and Global Thermostat the author plans to deploy a patent pending 

securitization scheme that is described next. In order to access a massive global capital market it 

is possible to bundle substantial numbers of offtake-backed loans (which decreases risks due to 

the law of large numbers) and securitize the bundle of offtake backed loans, thus accessing a 

global security market pool of funds that could have the scope of the mortgage backed security 

markets. This creates access to high, as well as medium income, investors worldwide. 

  

This completes the explanation of the three steps needed for financing the reversal of climate 

change. 

  

References: 

  

Reversing Climate Change: How Carbon Removals Can Resolve Climate Change and Fix the 
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I. Summary 

 

The challenge of climate change and the time frames available to address the risks necessitate 

an aggressive program to develop and scale Direct Air Capture (DAC) technologies. There is a 

clear and indispensable public sector role to be performed in support of this long-term, 

multi-generational effort. The design of such a program must be phased to correspond to 

changing technical and market realities and needs over time; systematically leverage the 

multiple tools and institutions of federal governments; and draw upon lessons from previous 

public sector attempts to ambitiously develop and build out new technologies.  

 

The findings briefly summarized in this report are offered as a set of principles and reference 

points to guide action. The strategic recommendations represent an initial set of proposed policy 

impact areas submitted for consideration by the DAC mobilization coalition as a whole, for the 

purpose of generating more precise and actionable steps through working group member input 

and engagement during the 2020 Summit.  

 

II. Findings 

 

● The federal government has a vast arsenal of tools to leverage to advance Direct Air 

Capture (DAC). We need to assess the specific challenges facing the scale up of DAC 

technologies and formulate a strategy that aligns DAC mobilization goals with these 

existing and substantial capabilities and resources. To this end the mobilization team 

should take a broad and opportunistic approach to identifying existing programs, 

frameworks and resource pools within the government bureaucracy where 

pro-mobilization aims can be incorporated and supported.  

 

● Rapid DAC plant deployment by 2030 must be prioritized, regardless of application, if 

ultimate cost and scale targets are to be realized in the longer term. The next decade 

represents a critical window for achieving DAC technical evolution, learning curve 

advancement, and business model innovation and discovery, and must culminate with a 

fully commercial DAC industry that is capable of scaling at volumes and at speeds that 

correspond to climate needs. As a core strategic consideration for mobilization, a focus 

on achieving rapid, near-term capacity gains by any and all means possible should be 
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prioritized. It follows that mobilization over the next decade should be sector 

opportunistic and application agnostic in pursuit of this capacity deployment objective.  

 

● Past government interventions to spur technology advancement are numerous and 

instructive. There is a wealth of past and current examples of the federal government 

strategically intervening to spark and accelerate innovative technologies whose success 

and proliferation are judged to be in the national interest. The DAC mobilization team 

should closely study relevant examples and identify success and failure conditions that 

can help guide our strategic course. Of particular instructional value are examples that 

parallel today’s DAC industry in terms of climate relevance, technological readiness, and 

capital investment imperatives. Examples that were initiated during periods of pervasive 

economic distress and uncertainty on par with what is now being experienced in the 

COVID era also hold important lessons that should be absorbed and modeled. Specific 

cases that fall into this latter category include:  

○ Success: Department of Defense technology development ecosystem. 

○ Success: Solar scale up initiatives under ARRA.  

○ Cautionary tale: Carbon Capture and Sequestration support under ARRA. 

 

● Multiple pro-DAC policies already exist that can be leveraged and built upon to 

achieve mobilization goals. The federal and state government have a suite of tools in 

place that support CCS already, which can be leveraged directly or built upon to 

facilitate the necessary support. The successful and creative utilization and 

transformative yield of these policies will build momentum for future support and 

intervention at different phases of DAC market development over time. Prime existing 

policies include:  

○ Federal 45Q tax credit 

○ DOE Title XVII loan program office 

○ R&D programs, FEED study support, ARPA-E program 

○ California low carbon fuel standard (LCSF) 

 

● Carbon utilization and carbon storage represent distinct CDR pathways, with specific 

policy support needs. Both are essential, but each face different near and long-term 

opportunities and challenges, and therefore different policy interventions to advance 

them. Mobilization efforts should commit, as a first principle, to the simultaneous and 

balanced advancement of both carbon storage and carbon utilization. It is imperative 

that both domains are advanced concurrently, and that policy in support of one does 

not defer or impede the progress of the other.  

 

 

III. Recommendations 

 

I. A mobilization policy strategy should be segmented into a 2-phase timetable that 

accounts for: a. the immediate near-term needs of a nascent industry that still has 
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critical R&D, commercial/market development, and public acceptance challenges to 

overcome; and b. the indispensable, long-term climate mitigation role that DAC must 

scale-up to play over the remaining decades of the 21st century, which is comparable in 

scope and scale to the present day oil and gas industry. Each phase requires a different 

set of goals and corresponding policy approaches to ensure success.  

 

However, in putting forth this phase-based framework the policy working group 

cautions against pursuing policy actions in a rigid sequential manner that would defer 

Phase II progress until the completion of Phase I. Although we have indicated below a 

general connection between recommendation and phase, from a mobilization 

perspective it is more prudent to view the phases less as policy boundaries but rather as 

guides indicating where policies can be prioritized to address the scaling challenges and 

achieve the larger goals. 

 

 

We propose the following 2-phase framework: 

 

Phase Policy Objectives 

I: 2020 - 2030: Take Off. 
Advancing DAC to full commercial 
readiness. 

● Build mainstream support for 
mobilization goals within context 
of larger federal efforts to 
combat climate change. 

● Mobilize targeted public 
investments in DAC innovation 
programs throughout the federal 
government to improve 
performance and cost, and 
diversify DAC applications more 
broadly across economic sectors 
and domains.  

● Create an aggressive DAC 
commercial demonstration 
program across multiple 
technology platforms, 
geographies, and applications 

● Establish early, substantial and 
predictable demand for 
DAC-based products and 
sequestration services through 
public procurement policies 
across Federal agencies. 

● Establish best practices for 
streamlined permitting 
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II: 2030 - 2050: Mass Deployment. 
Reaching 10 Gt/y scale. 

● Expand and modify financial 
support and risk management 
programs for both production 
and investment that will animate 
private sector investment on a GT 
scale. 

● Embed DAC-based CDR as an 
eligible compliance pathway for 
future federal carbon reduction 
laws and/or carbon tax schemes.  

 

 

II. The role of the federal government must be to catalyze initial DAC markets through 

comprehensive supply and demand side interventions including: 

 

A. [Phase 1] - Immediate strategic investments should be made in advanced 

research, development, and initial deployment that will generate value to the 

benefit of the DAC sector as a whole. This will accelerate rates of discovery, 

innovation, and readiness in support of 2030 commercialization and broad 

deployment goals. High value targets for increased R&D activity include, but are 

not limited to ARPA-E, DOE, and DOD. The mobilization coalition should 

consider aligning R&D priorities that have been formulated in considerable 

detail by organizations such as the Energy Futures Initiative (2019), the NASEM 

Committee on Developing a Research Agenda for Carbon Dioxide Removal and 

Reliable Sequestration (2019). 

 

B. [Phase 1] Establish early, substantial and predictable demand for DAC-based 

products and sequestration services in order to catalyze the sector over the 

next decade. In this role, the government should support scale-up of existing, 

proven technologies, accelerate learning curve advancements, and refine and 

prove out business models that are best suited for mass GT-scale deployment 

throughout the economy as a whole. High impact demand-based levers that 

must be implemented immediately include: 

1. Large-scale federal procurement of DAC-based sequestration services 

and products including but not limited to fuel and construction 

materials; 

2. Financial incentives such as tailored DAC production and investment tax 

credits as described further below 

3. Awareness building and buy in. This area of activity would include: 

a) an internal education and buy in campaign that aims to build 

knowledge and buy-in for DACC mobilization goals across the 

federal bureaucracy; and an 
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b) an external outreach and education campaign to raise 

awareness about DACC market opportunities among key 

strategic sectors that are well positioned to serve as early 

adopters of DAC CO2 sequestration services and DAC-based 

products and commodities.  

 

C. [Phase 1] Develop and promote model DAC permitting and siting regulations 

to guide state and local local governments. These guidelines would serve to 

streamline and accelerate project completion, and reduce uncertainties and 

legal risks for project developers.  

 

D. [Phase 1] Provide support for commercial demonstration at scale.  
 

1. Front End Engineering Design (FEED) is a necessary step to project 

development financing, relatively costly, and one of the hardest sources 

of capital to raise due to the project completion risk. Public support of 

FEED work can catalyze projects and provide spillovers for others in the 

industry by driving engagement by engineering and EPC firms which can 

then be applied to follow-on projects. 

2. Establish risk buy-down via loan program: early commercial 

demonstrations carry technical, construction, and performance risk that 

is not necessarily inherent to the technology and can be significantly 

reduced over time through learnings and scale. Credit support for first 

projects serves to “buy down” these risks and improve the economics of 

future projects. 

3. Introduce new effort to backstop LCFS credit pricing: the CA Low 

Carbon Fuel Standard offers a powerful incentive mechanism that can 

support the economics of DAC. However, since the LCFS credits are 

floating (i.e. they are dynamic depending on supply and demand in the 

market) their value to project developers in terms of baseline revenue 

for project financing is sub-optimal. A federal backstop or other 

program to support DAC plants in their LCFS credit revenues could be an 

effective and low-cost tool that leverages the state program. 

 

E. [Phase 1 & Phase 2] Establish a new premium federal procurement authority 

(or as a tool to supplement third-party purchases) to support commercial scale 

plants 

 

F. [Phase 1 & Phase 2] Modify/expand existing federal programs to support DAC 

projects, prioritizing 

1. The expansion of the 45Q production tax credit (PTC) and implementing 

a direct pay in lieu of tax credit program 
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2. The establishment of Master Limited Partnership tax status for DAC. 

MLPs offer a preferred tax status to corporations that qualify which, in 

turn, lowers costs of capital and can support the business model for DAC 

projects. 

3. Reform the federal Renewable Fuel Standard (RFS) to credit DAC 

projects at high value. 

 

G. [Phase 1 & Phase 2] Convene a public process to facilitate the development of 

accounting, monitoring, and verification frameworks that differentiate the 

value of carbon removal vs capture vs classic offsets to support public and 

corporate net-zero carbon goals. As an element of this process the government 

should commission and endorse an accounting standard that can be used to 

certify and compare CO2-use products based on life cycle analysis (LCA). This 

effort can lead to the development of a value-based carbon removal credit 

market that is standardized across applications and jurisdictions. 

 

H. [Phase 2] Institutional establishment of public entities to manage CO2 storage. 

Federal management of captured CO2 via public obligation to receive and 

manage captured carbon should be established with the goal of removing this 

significant development/finance challenge from the commercial equation. The 

skill sets, technical challenges, regulatory burdens, time frames of activity, and 

general risk profile of capture compared to storage are fundamentally distinct, 

leading to, among other things, different capital sourcing requirements and 

structuring. These distinctions are likely to become a barrier to rapid 

deployment of DAC. A public obligation to receive and manage geologic storage 

from capture facilities would mitigate this barrier and accelerate DAC 

deployment. 
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 ENGAGEMENT  

Report 

Contributors:  
Jim Giles (Chair), Amy Davidsen, Kristin Ellis,  

Nadia Kock, Ari Marder (Staff Facilitator), Steve Petranek 

 

Background 

 

The environmental, economic and social benefits of direct air capture technologies and the 

broader circular carbon economy are often underappreciated by key decision-makers. In many 

cases, the situation is worse than this: Critical attributes of DAC, including the long-term cost 

and the technology’s relationship to the oil industry, are not underappreciated but 

misunderstood. The lack of awareness and these misconceptions combine to slow the 

technology’s development at a time when speedy progress is essential. 

 

There is, however, a strong foundation of data and analysis that we can use to tackle this 

problem. Over the past few years, multiple reports from influential bodies, including the IPCC, 

the National Academy of Sciences and the Rhodium Group, have shown that large-scale 

deployment of DAC and other carbon removal technologies is an essential part of attempts to 

limit the impact of climate change. 

 

The challenge now is to build on this foundation and create a program for engaging with key 

power brokers to correct misconceptions around DAC and demonstrate the technology’s 

multiple long-term benefits. This draft paper sketches out what we see as the essential 

ingredients of such a program. 
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Target Audiences 

 

The group began by prioritizing the audiences we recommend engaging with. The following 

table shows all audience groups that were considered. The highlighted groups at the top of the 

table were defined as priorities. We recommend that, at least initially, the engagement activities 

focus on these groups and not the others listed below . 1

 

Policymakers 

Funders 

Climate think tanks and campaign organizations 

Innovation ecosystem  2

Business leaders 

Social and economic justice organizations 

Consumers/general public 

Researchers 

Military leaders 

Youth organizations 

Online communities 

Climate technology/business ecosystem 

Relevant industries 

Industry catalysts (accelerators, incubators) 

Tech industry 

 

 

Impacts 

 

The group focused next on the desired outcomes of the engagement program. Our top-level 

goals across all target audiences are to increase awareness of and correct misconceptions about 

the environmental, economic and social benefits of DAC technologies. 

 

More specifically, we believe the engagement program should target the following impacts: 

 

1 The media was originally listed as a target audience, but was re-categorized as a channel for 
engaging with other audiences. 
2 The innovation ecosystem is made up of accelerators, incubators, entrepreneurs, university 
tech transfer programs and related groups. 
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● Increase the number of funders that invest in DAC and the total investment in the 

sector. 

● Increase the frequency and prominence with which DAC is featured in the media, in 

campaigns by environmental groups and in reports from think tanks. 

● Create two-way conversations that will allow the DAC community to understand what 

other groups want from DAC deployments. 

● Increase cross-fertilization of DAC research with related areas of science and 

engineering. 

● Help business leaders and policymakers to understand and act upon opportunities to 

use DAC to meet sustainability goals and Paris Agreement NDCs. 

 

Progress toward these impacts should be tracked and the data used to evolve the program.  

 

Messaging 

In order to achieve these goals, the group recommends building engagement campaigns around 

the following messaging approaches: 
 

Rapid action on DAC is essential because… 

 

● The carbon cycle is part of life on Earth. Humans have disrupted it, now we need to 

bring it back into balance with nature.  

● The best available science tells us that large-scale carbon removal is needed to avoid the 

worst impacts of climate change. 

● We need to bring carbon removal technologies to market in as short a time as possible 

in order to avoid these impacts. 

● The cost of DAC will fall dramatically and become competitive with other carbon 

removal solutions as the technology develops and the market grows. We have seen this 

happen with many other technologies, including solar. 

● Different carbon removal technologies have pros and cons. A portfolio of multiple 

technologies, including DAC, must be deployed. 

● A circular carbon economy, of which DAC is a key component, can create products 

worth trillions of dollar annually . 3

● DAC offers enormous job creation potential. Every million tons of DAC removal capacity 

will create 3,500 jobs . 4

● The wealth and power concentrated in fossil fuels helps create geopolitical instability. 

The new DAC economy will dilute this power. 

● Every community can participate in DAC. With the right political leadership, DAC can 

play a central role in a just transition to a new economy. 

 

3 Carbon180 
4 Check reference 
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Along the way, it will also be necessary to correct misconceptions. Specifically, DAC is NOT… 

 

● An excuse to keep emitting. Dramatic emission reductions must take place in parallel 

with DAC. 

● The same as geoengineering. Aerosols, for example, are a high-risk, short-term, 

emergency measure. DAC is a component of a long-term, safe and stable solution. 

● An oil industry technology. EOR is a useful means of scaling the technology, not the 

long-term goal. 

● The same as point-source capture. Point-source capture can have big benefits, but DAC 

is about drawing down carbon from the atmosphere, not avoiding new emissions. 

 

 

Tactics 

 

For each audience group, we took a first pass at (a) the channels that we recommend using to 

engage with that group and (b) the key arguments to highlight in that engagement. 

 

Group Key arguments Channels 

Policymakers DAC is a bipartisan climate solution that 
will grow GDP, create jobs and help tackle 
social equity 

Lobbying, traditional media 
(mainstream, political, scientific) 

Funders and 
business leaders 

DAC investments will deliver significant 
ROI. The technology is viable and offers 
strategic advantages. 

Traditional media (business, trade, 
general), non-traditional media 
(LinkedIn), events (conferences, 
demo days) 

Innovation 
ecosystem 

DAC is a key part of future climate 
solutions. The potential economic and 
social returns are significant, yet the 
market is underdeveloped and primed for 
new entrants.  

Traditional media (trade, startup, 
tech, scientific), events (demo days, 
conferences, pitch competitions), 
non-traditional media (podcasts, 
Slack channels, Twitter) 

Climate think 

tanks and 

campaign 

organizations 

DAC is a viable technology that science 
tells us is an essential part of a future 
portfolio of climate solutions. It offers 
significant economic and social benefits. 

Traditional media (mainstream, 
scientific, trade), events, lobbying 

Social and 

economic justice 

organizations 

 

DAC is an essential part of a just transition 
to a low-carbon economy.  

Traditional media (mainstream, 
environment, activist), 
non-traditional media (Twitter, 
podcasts, Slack channels) 
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SUSTAINABLE MOBILIZATION 

Report 
 

Contributors:  
Tito Jankowsk (Chair), Nikki Batchelor, Ben Bronfman, Raymond Chavez, 

 Nicholas Eisenberger, Peter Eisenberger, Nadia Kock (Summit Producer), Jonte Boysen (Staff Facilitator) 

Findings  

1 Focusing solely on building efficient air capture technology without generating broader public 

support will not allow society to prevent irreversible negative impacts of climate change. DAC 

technology will only be deployed at the required scale in the required timeframe if civil society, 

industry, and politics launch a combined effort now. This summit brings together key players 

from all essential fields and can provide the necessary spark for formalizing DAC mobilization. 

2 DAC mobilization is currently facing several key challenges. (1) Combating climate change has 

taken a back seat to fighting the pandemic in the short-term for many governments. (2) COP26 

has been pushed back to November 2021, delaying the emergence of potential new emission 

trading schemes and government support for DAC. (3) The world is likely to encounter a period 

of negative or near-zero growth over the next few years, which could reduce available sources 

of outside funding. (4) DAC players currently have a limited set of revenue streams that might 

fund a mobilization initiative. 

3 There are, however, various tailwinds for the DAC mobilization effort. (1) The pandemic is 

resulting in many large government investment programs, many of which are skewing Green. (2) 

Societies across the globe are increasingly aware of the dangers of climate change and the need 

for a technical solution. (3) Climate-centric political parties are growing their voter share and 

could potentially be won as DAC allies. (4) Large corporations like Microsoft and Amazon are 

putting dollars behind climate initiatives and could speed up DAC mobilization. 

4 The process of mobilizing around DAC will require new forms of person-to-person, bilateral, 

multilateral, and industry-wide collaboration. No DAC participant alone will be able to drive 

meaningful societal or political transformation and even the individual benefits of collaboration 

far outweigh potential competitive disadvantages for each participant. In addition, collaboration 

will, without question, provide the highest likelihood of meaningfully curtailing dramatic climate 

change.  

5 Person-to-person collaboration, such as this summit, is crucial to the success of DAC 

mobilization as it provides the fastest and least bureaucratic vehicle for collaboration. Building 

trust between individuals can speed up larger administrative processes and spur ideas or 

initiatives that would take far longer to arise at the organizational level. Person-to-person 

collaboration also increases the scope of participant backgrounds and can bring individuals to 

the table whose organizations may not want to publicly associate with DAC at this time. 
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6 Bilateral organizational collaboration serves as a mechanism for sharing risk, combining 

complementary resources, and transferring institutional expertise. These two-sided 

relationships create less administrative overhead than multi-party initiatives, speeding up 

development and streamlining objectives. In DAC, bilateral relationships have proven 

particularly useful in financing or scaling the technology, as Global Thermostat and ExxonMobil’s 

partnership has, but could also facilitate knowledge or resource sharing among “competing” 

DAC players in the future. 

7 Multilateral organizational collaboration can provide increased credibility, transparency, and 

efficiency for all industry stakeholders. Aggregating demand, funding, or supply chains 

eliminates repeated work, lowers cost, and reduces barriers for all. Multilateral collaboration 

also contributes to building trust among participants, spreading risk, and encouraging success of 

the whole over mutually destructive competition. 

 8 Industry wide collaboration is most crucial for the issues that affect, benefit, or inhibit all DAC 

participants. Creating a united voice for the industry allows for clear and consistent 

communication with outside stakeholders like policy makers or the public that addresses issues 

and presents recommendations that benefit everyone. Industry collaboration meant to 

represent all participants must include both established players and younger companies to 

ensure implications are considered from all angles and starting points while optimizing for the 

benefit of the group. 

9 One of the most important short-term objectives for the members of this group must be to 

maintain the momentum this summit has created leading up to the Climeworks event in 

September, while other potential initiatives have not been formalized. This can occur at the 

individual or organization level but should result in engaged post-summit participation in the 

form of dedicating time or resources to summit Next Steps. 

10 Ultimately, this summit should result in the emergence of a group of people that design both 

a medium- and long-term strategy for DAC mobilization that looks to institutionalize the 

recommendations the summit brings forth across its seven working groups. This group does not 

have to be restricted to summit participants but will be aided in its strategic alignment with 

summit goals through some level of membership continuity.  

Recommendations  

1 Joint Declaration The summit organizing team and additional volunteers should issue a joint 

declaration that summit attendees are invited to sign that states core facts and beliefs as a 

result of the summit discussions. This declaration serves to establish shared truths and increase 

alignment across participants. This process will also help ensure buy-in regarding summit 

objectives and next steps. 

2 Volunteer Support The summit organizing team and additional volunteers should enroll 

summit attendees as volunteers for summit next steps in the roles of leaders, supporters, and 
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learners where possible. Distributing the administrative load of summit follow-ups and 

organization helps ensure the mobilization effort succeeds. 

3 Maintain Momentum The summit organizing team and additional volunteers should create 

channels and forums for post-summit communication among participants. This effort helps to 

maintain momentum and inform attendees on the evolution of next steps leading up to the 

Climeworks event in September and beyond. The Elk Coast Institute has already agreed to aid in 

this effort but cannot and should not carry the entire administrative burden. 

4 New Non-Profit Organization: The summit group should establish a non-profit organization 

charged with designing and facilitating the broader mobilization effort by 2021. Initial funding 

has already been secured to support the planning stages of this organization, but more is clearly 

needed to accomplish these recommendations. In addition to creating an organization and plan 

a budget, this organization’s areas of focus would initially be:  

● education/public relations (engagement working group)  

● landscape market analysis (i.e. State of the Industry Report) 

● government policy/relations (policy working group),  

● manufacturing and technology collaboration, and  

● connectivity with other outside stakeholders such as nonprofits, customers, and 

investors.  

4.1 DAC Mobilization Summit Report  The organization should publish a report that 

outlines the findings from the seven working groups and the summit as a whole in a manner 

that generates public and media interest. Integrate feedback from stakeholders who were 

invited to the summit but unable to attend. Creating the report would be done primarily on a 

volunteer basis, with the likely involvement of some paid resources to ensure a cohesive and 

professional final product. 

4.2 Roadmap for Mobilization: This organization should develop medium- and 

long-term mobilization plans to 2030 and 2050. Without a clear, agreed-upon vision for the 

future, resources cannot effectively be allocated and coordination across post-summit initiatives 

will suffer. Developing the broader mobilization strategy will temporarily require more 

resources and industry participation than will be necessary once plans have been formalized. 

4.3 Engage Media and Networks: This organization should publish reports and findings 

to stakeholders in the media and industry networks, as well as hosting the DAC Mobilization 

Summit on a yearly basis to continue the united push for broader support and facilitate 

collaboration opportunities. There is already progress on creating a film to broadly communicate 

the story of DAC mobilization, as well as plans for sharing at events including TED, EarthX, and 

Climate Week.  

4.4 State of the Industry Report: DAC players should publish a report on the 

development of a state-of-the-industry report, in partnership with a third party, which 

demonstrates that cost is not the restricting factor in scaling DAC technology and dispels other 

DAC-related myths. Although the primary focus would be on cost, the report must also touch on 

the mobilization urgency and requirements outlined in this summit. 
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4.5 Manufacturing Collaboration Mechanism: The organization should support new and 

existing technology and manufacturing collaborations for DAC players by 2021. This initiative 

would result in existing technology licensing among players, joint R&D projects to solve common 

technological challenges, and aggregate supply chains that provide lower procurement costs of 

common inputs for all. 

4.6 Funding Collaboration Mechanism: The organization should support new and 

existing mechanisms for increasing collaboration among potential DAC funding partners by 

2021. The purpose of this initiative is to increase risk- and information sharing among potential 

DAC investors that can raise the likelihood of new projects or technological approaches being 

funded. 

4.7 Aggregate Demand Mechanism: The organization should support new and existing 

mechanisms for aggregating demand for DAC products and solutions by 2021. This initiative 

would help DAC participants better understand sources of demand and could create a 

marketplace that more efficiently matches buyers and sellers based on unique needs and 

technological advantages.  
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