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An advance market 
commitment to buy $1.25B+ 
of permanent carbon 
removal by 2030
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From ‘22 - mid ‘25, Frontier facilitated 50 purchases

Prepurchase: Early-stage suppliers piloting new technologies, prepaid, $500k

Offtake: Accelerated scaling of proven approaches, paid upon delivery, ~$20-60M
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Buyers can support responsible innovation 
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As customers in a small market, buyers can influence the broader CDR ecosystem, 
including: a) suppliers; b) other buyers; c) governments; d) standard-setters

A snapshot of how we’ve supported responsible CDR innovation to-date:

● Driving alignment across buyers on principles for high-quality CDR

● Diligencing approaches and projects across target criteria (durability, capacity, cost, safety, etc.)

● Setting a high bar for standards for CDR measurement and community engagement

● Making applications & contracts publicly available to enable transparency & learning

● Requiring delivery criteria and/or milestones within contracts to motivate scientific deliverables

● Non-purchasing work: coalition-building, writing, policy development



First verified tons accepted, first OAE offtake contracts signed
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● Purchased from 9 mCDR projects
● Including 3 pay-on-delivery offtakes

● Approved one credit issuer 
and OAE protocol 

● Accepted delivery of 
registered credits from one 
project so far
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9Sources: Carbon180, Additional Ventures, NASEM, NOAA; 
*cost projections are based on public information only, and do not consider company-specific information at Frontier

Abiotic approaches have clear 
path toward durable, scalable, and 
verifiable CDR

Pathway Durability Scale Cost* MRV Env. Risk

Macroalgae cultivation Low (10-100 yr) Low 
(0.1 - 0.6 Gt/yr)

Low - Medium 
($25-125)

Hard Medium - High

Artificial upwelling & 
downwelling

Low (10-100 yr) Medium 
(0.1 - 1 Gt/yr)

Medium ($100-150) Hard Medium - High

Ocean fertilization Low 
(10-100 yr)

Medium (0.1 - 1 
Gt/yr)

Low
($25-50)

Hard Medium - High

Ocean alkalinity 
enhancement

High 
(>1,000 yr)

High 
(1-15+ Gt/yr)

Low - Medium 
($25-160)

Medium Low - Medium

Direct ocean capture High 
(>1,000 yr)

Medium 
(0.1 - 1 Gt/yr)

High
($400 -$600)

Medium Low



We published buyer guidelines for mCDR including for MRV
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After diligence, contracts enable us to continue to mandate 
responsible deployment
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OAE projects should… Contract requirements

…rigorously measure and quantify 
CDR

● Rigorous measurement, verification and reporting standards upheld 
and verified by two third parties: registry sets measurement standard, 
verifier performs physical verification and we pay for these activities

● Registry’s methodology must use conservative assumptions on 
uncertainty factors in order to be approved by Frontier

…minimize any harmful ecosystem 
impacts and rigorously monitor for 
unexpected outcomes

● Projects must be permitted and in good standing with local regulators
● Must have a robust monitoring network and stop-trigger plans for 

operation in order to receive payment

…have strong community support ● Concrete community benefits plan is a pre-requirement for delivery

…have transparent data collection 
& sharing

● All data must be made available to researchers, NGOs, and local 
stakeholders 
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Focus on scalable, permanent carbon removal 

Frontier’s Target Criteria
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Durability Stores carbon permanently (>1,000 years)

Physical footprint Takes advantage of carbon sinks and sources that do not compete for arable land

Cost Has a path to being affordable at scale (<$100 per ton)

Capacity Has a path to being a meaningful part of the carbon removal solution portfolio 
(>0.5 gigatons per year)

Net negativity Maximizes net removal of atmospheric carbon dioxide

Additionality Results in net new carbon removed, rather than taking credit for removal that was 
already going to occur

Verifiability Has a path to using scientifically rigorous and transparent methods for monitoring 
and verification.

Safety and legality Is working towards the highest standards of safety, compliance and local 
environmental outcomes; actively mitigates risks and negative externalities on an 
ongoing basis 

Some measurement uncertainty is ok–as long as 
we can account for it

Our confidence in verifiability should be a 
precondition for larger purchases, but not a 
barrier to early innovation

Early purchases can help accelerate field 
learning and reduce open questions



MRV playbook
● Application + project diligence

○ Frontier reviews and approves a draft protocol and draft 
verification and credit issuer plan

○ Assign verification confidence levels to pathways & 
suppliers

○ Take conservative discount for each uncertainty factor

● Verification of CDR
○ Prior to delivery, a supplier must meet set conditions, 

including approval of PDD, methodology and verifier 
○ We require plans (and we pay) for third party auditing to 

verify delivery against a protocol,
○ We require transparent, public listing of tons on an 

independent registry

● Our work outside of offtakes to advance the field
○ We have ongoing partnerships with the academic 

community to create buying standards for new pathways 
○ We support research designed to improve the 

measurement accuracy across new approaches
○ Actively incentivize field-wide tools like registry protocols 

and data sharing tools
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How Frontier maintains requirements for high quality MRV

Criteria for Protocol Evaluation

● System boundaries for the removal activity
● System lifetime & crediting period
● Gross carbon removal measurement
● Net carbon removal formula
● Estimation of removal losses and reversals
● Accounting method for each emissions source
● Embodied emissions allocation
● Energy emissions accounting protocol
● Storage durability

● Scientific & community best-practice
● Removals baseline
● Additionality
● Third-party verifier
● Double counting controls
● Pre-deployment safety screening
● Ongoing safety monitoring
● Data sharing principles
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MRV for abiotic pathways most advanced

Rigorous MRV standards upheld and verified by a third 
party
Conservative assumptions on uncertainty factors 
identified by the scientific community

● Feedstock dissolution
● ASGE 
● Secondary precipitation 
● Interaction w/ sediments 
● Biotic calcification response 
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Building trust in OAE by continuously iterating and improving

Continuous 
Iteration & 

Improvement

Credit Delivery 

FeedbackImproved MRV

Novel surveys, 
Experiments,

Analyses

Presentations,
Webinars,

Reports

Improved
Outcomes &

New learnings
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Outlook: Building Confidence in OAE
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Growing evidence base will strengthen confidence in efficacy & best practices
● Field trials already underway in multiple environments
● Commercial projects generating open-access data through sharing requirements
● Ecosystem impact and co-benefit studies advancing understanding of impacts and potential 

co-benefits

Immediate R&D needs

Field priorities MRV priorities

● Scalable, fast-dissolving, safe alkalinity 
sources

● Clear thresholds for key parameters (pH, TA, 
Ω, TSS, etc.)

● Proof points for ecosystem & climate 
co-benefits

● Better tracking of near field 
● High resolution ROMS models for regions of interest and 

intermodel comparison 
● High sensitivity sensors for alkalinity and other key 

parameters 
● Advanced dissolution models for feedstocks/deployment 

modes



fkracke@stripe.com

Thank you 
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