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Executive Summary 

This Capstone project is the culmination of my academic and professional interests. At Johns Hopkins 

University I studied a wide variety of topics, each important and necessary for understanding energy 

policy, climate finance, energy technology, and the fundamental driving forces of climate change. 

However, I did not establish a core focus until I took Energy & Climate Finance, a class taught jointly by 

Veronique Bugnion and Ashley Lawson. From them I learned about carbon markets and the importance 

of utilizing capital structures to drive climate action. I pursued this topic further when I joined a crypto-

climate startup trying to incentivize people to offset their emissions. Through my work, I learned the ins-

and-outs of the regenerative finance (ReFi) industry – the marketplaces, the standards, the brokers – all 

so I could procure high-quality carbon credits for our users. Unfortunately, I realized the state of the 

voluntary carbon market (VCM) is poor. Standards churn out high quantities of low-quality credits, while 

different marketplaces sell identical credits at vastly different prices. The sheer degree of fragmentation, 

low-transparency, misaligned incentives, and weak methodologies made finding good credits extremely 

difficult. My frustration with the state of VCMs led me to think about new ways for them to function. 

This naturally led to the topic of my Capstone project: Blueprint for a Blockchain-based Voluntary Carbon 

Ecosystem. 

During my research I learned a great deal about how VCMs operate, the key participants involved, and 

most importantly, the incentives that drive them. I was able to use this information to develop 

alternative incentive models that could replace existing ones. Adjacent to understanding VCMs, I also 
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needed to learn more about blockchain technology. I was able to lean on the expertise of blockchain 

developers that work with me, along with various whitepapers on prolific cryptocurrency projects, to fill 

in my knowledge gaps. Lastly, I was fortunate enough to speak with several carbon removal startups to 

gain a better awareness of the state of carbon dioxide removal technologies. Their insights helped me 

develop a solution more in line with the needs and wants of carbon removal projects. My research for 

this project gave me insight into three growing industries and helped me think critically about the 

necessary incentives and probable challenges involved in developing a better ecosystem.        
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Abstract 

In this whitepaper, I propose a blueprint for a more robust voluntary carbon ecosystem. The solution I 

propose leverages blockchain technology to create a multi-stakeholder, market-driven solution to 

create, verify, track, and sell carbon credits more effectively. In this paper I identify the key problems 

associated with existing voluntary carbon markets; specifically, low-integrity offsets, misaligned 

incentives, poor governance, and low-fungibility. To address these concerns, I discuss the merits and 

application of blockchain technology; specifically, the trust, immutability, and efficiency they bring. 

Although, not a panacea, I explain how blockchain technology can improve carbon integrity, 

transparency, prevent fraud, and lower costs.  

The solution I propose relies on an interconnected web of traditional voluntary carbon market 

participants working together to create, verify, track, and sell Carbon Coins – tokenized carbon credits. 

To operate effectively, these participants are arranged within one of four distinct layers: Governance, 

Consensus, Primary Market, Secondary Market. I discuss how each layer functions and its value to the 

larger ecosystem. Finally, I explore the likely challenges the protocol will face if implemented.   

 

 

Primary Reader and Advisor: Robert Schmitt 
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1. Introduction 

Climate change is an existential threat to humanity. Under current policies, the world is on track to 

warm to 2.8°C by 2100 (UNEP, 2022). Even if more aggressive policies outlined in COP26 are 

implemented the world would still warm to 2.4-2.6°C by 2100 (UNEP, 2022). 2.8°C in warming is 

cataclysmic. If even 2.0°C is breached the planet will hit global tipping points, thresholds at which critical 

biomes begin to irreversibly collapse (Lenton et al., 2020). Unfortunately, cutting emissions requires 

political, technical, economic, and cultural reform on a global scale. But decades of well-intentioned yet 

often empty promises have made clear that solving climate change is hard, and slower than we can 

afford. To make matters worse, we have emitted so much CO2 that even if the world became net-zero 

today, it would still take centuries before the planet began to cool back down to pre-industrial levels 

(Hausfather, 2021).  

To solve climate change we will need to implement a two-pronged solution – rapid decarbonization and 

atmospheric carbon dioxide removal (CDR). According to the Intergovernmental Panel on Climate 

Change (IPCC) if global temperatures overshoot 1.5°C, CDR will be required to bring global temperatures 

back down (IPCC, 2018). The only way to achieve this is by becoming carbon negative, meaning we 

would need to capture more CO2 than we emit. To prevent an overshoot from occurring, the National 

Academy of Sciences estimates that 10 billion tCO2e need to be sequestered each year through 2050 

and 20 billion tCO2e from 2050 to 2100 (National Academy of Science, 2019). To meet demand, CDR 

solutions will need to scale up quickly.   

This presents a new problem: the mechanisms created to incentivize carbon capture and storage are 

broken. Currently, Voluntary Carbon Markets (VCMs) suffer from a number of structural problems which 

incentivize and reward low-integrity carbon offset projects. Unless VCMs are fixed, carbon offsets will 

remain inadequate and serve primarily as a greenwashing tool rather than meaningful climate action.   
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2. Background 

2.1. Voluntary Carbon Markets  

In 1997, world leaders came together in Japan and signed the Kyoto Protocol, an important step in 

addressing climate change and its impacts. In order to help incentivize emission reduction, the Kyoto 

Protocol allowed for the creation of carbon marketplaces. These took on two forms: Compliance Carbon 

Markets (CCMs), also called Emission Trading Schemes (ETS), and VCMs.  

Compliance markets develop when regional, national, or international regulators place limits on 

greenhouse gas emissions. In these systems, regulators cap a business or institution’s emissions by 

allocating them a set allowance of carbon credits that the emitter cannot exceed.  If the emitter exceeds 

its allotment, it can purchase carbon credits from other compliance market participants that have 

emitted below their maximum. If the emitter is unable to purchase enough credits to cover their excess 

emissions, they are forced to pay a fine. Emitters are not required to immediately retire credits. They 

may hold them for several years after acquisition to hedge against future emissions. Each year the total 

number of carbon credits issued is reduced to incentivize annual emissions reductions. 

In contrast, VCMs are voluntary markets that anyone can participate in. They are self-governed, 

meaning participants set their own rules. The nature of carbon credits within VCMs is also completely 

different. Instead of issuance as an allowance, carbon credits within VCMs are created from successfully 

avoiding or removing emissions from the atmosphere. Each credit represents one tonne of CO2e and is 

sold with the express purpose of offsetting a buyer’s emissions. However, once a credit is purchased the 

buyer does not have to retire it. Instead, the buyer can choose to hold the credit indefinitely or resell it 

in a secondary market.  
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2.1.1. VCM Structure 

The VCM functions as a decentralized ecosystem consisting of four main participants: The Standard, 

Carbon Offset Project Developers, Intermediaries (Brokers, Retailers, Traders), and End Buyers (Figure 

1).  

 

Figure 1: VCM Structure 

Within this industry, each participant has a unique role. The Standard acts as a governing body for the 

ecosystem. It sets rules, assesses the validity of offset project methodologies, verifies whether projects 

are operating with integrity, and ultimately decides if a developer can receive carbon credits and in what 

quantity. Project developers aim to either capture and store emissions or prevent them from entering 

the atmosphere. If a project can successfully prove this has occurred, it will earn one carbon credit for 

every tonne of CO2e it has avoided or removed. Once a developer earns its credits it can use 

intermediaries like brokers, retailers, and traders to sell them in an OTC market. Buyers of credits are 

typically corporations looking to offset their emissions; however, NGOs, investors, wealthy individuals, 

and everyday consumers also purchase credits. 
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2.1.2. Carbon Offsets 

There are effectively two types of carbon credit: avoidance and removal.  

Avoidance credits come from projects which prevent or avoid CO2e from escaping into the atmosphere. 

Project examples include: 

● Renewable Energy: A renewable energy project earns carbon credits if – barring its existence – a 

community would have received energy from a fossil fuel plant. They earn credits equal to the 

amount of CO2e that would have entered the atmosphere from a dirty energy source that would 

have otherwise serviced the community.     

● Energy Efficiency: An energy efficiency project earns carbon credits if it reduces the amount of 

CO2e produced by an emission source. This is typically done through efficiency improvements. 

These projects earn credits equal to the net reduction of carbon emissions from improving the 

underlying emission source.  

● Fuel Switching: Fuel switching projects earn carbon credits by replacing carbon intensive fuels 

with less carbon intensive ones. These projects earn carbon credits equal to the net reduction of 

carbon emissions from switching to a different fuel.  

● Conservation: Conservation projects earn credit by protecting at-risk land (typically forested) 

from deforestation or destruction. These projects earn credits equal to the amount of carbon 

that would have been released if the land had been destroyed.  

Alternatively, removal projects are those that capture and store CO2e underground or in some kind of 

receptacle. Project examples include: 

● Afforestation/Reforestation: Afforestation is the act of planting a new forest while reforestation 

is the act of replanting an old one. Project developers who plant trees can earn carbon credits 

equal to the amount of CO2e that will be stored over the lifetime of the forest.  
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● Direct Air Carbon Capture and Storage (DACCS): DACCS capture and store CO2e from the 

atmosphere. A DACC plant receives a carbon credit for every tonne of CO2e that it captures.  

● Enhanced Weathering: These projects capture and store CO2e by spreading finely ground silicate 

and carbonate rock material over large areas of land. The process mimics and accelerates the 

natural weathering of these two elements. For every tonne of CO2e that is captured through this 

process, the project developer will receive one carbon credit. 

● Biochar: Biochar, or biological charcoal, acts as a carbon sink on agricultural lands. When mixed 

with compost, soil, and plants it can recover and store a large fraction of emissions which 

escape once crops are harvested. These projects earn credits from the amount of CO2e 

successfully captured and stored.   

As of 2022, the projects within the two largest Standards, Verra and Gold Standard, are mainly 

renewable energy (RE), energy efficiency (EE), nature-based solutions (NBS) (a catch-all term referring to 

both avoidance and removal nature-based solutions), and Waste (Figure 2) (Climate Focus, 2022).   

 

Figure 2: Total, Verra, and Gold Standard Projects Stratified by Activity Type 
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2.1.3. Challenges Facing Carbon Offsets 

As in any nascent market, growing pains and obstacles impede adoption. VCMs are currently plagued 

with a myriad of issues, the first and most pressing is the glut of low-quality credits that Standards have 

and continue to issue. The quality of a carbon credit is typically assessed using four key metrics: 

additionality, permanence, leakage, and co-benefits.  

● Additionality: A credit must represent an emission reduction that would not have otherwise 

occurred. For instance, a solar farm could be economically viable through the sale of electricity, 

so carbon credits issued from a solar farm would not be additional as the project would have 

been built either way.   

● Permanence: For a credit to have high permanence, it must come from a project that has 

permanently reduced emissions. Demonstrating permanence is often challenging for carbon 

offset projects, especially nature-based solutions (NBS). Trees, for example, are notably 

susceptible to wildfire risk which, as the world warms, will become a bigger risk. This puts into 

question the permanence of credits issued by Afforestation and Reforestation projects.  

● Leakage: Leakage occurs when the creation of a carbon offset project leads to the 

displacement of emissions to other geographies or additional downstream emissions within a 

relevant supply chain. An example of this are conservation projects. When at-risk forested land 

is bought to prevent emissions from deforestation, it can lead companies to log adjacent 

forested land more quickly.  

● Co-Benefits: This describes additional benefits an offset project provides. Benefits include 

increasing biodiversity, providing jobs, improving agricultural yield, and raising the standard of 

living, among others. 
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Each carbon credit rating company uses its own methods of assessing quality. Rating companies may 

weigh these quality factors differently or add other metrics like policy risk, geography risk, over-crediting 

risk, and perverse incentives. 

Currently, the three most prominent rating companies are BeZero Carbon and Slyvera (BeZero Carbon is 

the only one of the two to provide free-to-access rating data). BeZero Carbon has rated 271 projects 

across nine different carbon standards (Table 1). 

 

Table 1: BeZero Carbon - Projects Grouped by Standard and Rating 

BeZero Carbon rates credits on a scale of A to AAA. Credits rated A have a low probability of achieving 

one tonne of emissions reduction (less than 50 percent), while credits rated AA and AAA have a 

moderate (50-70 percent) to high chance (greater than 80 percent) of achieving one tonne of emissions 

reduction (BeZero Carbon, 2022). According to the ratings produced by BeZero Carbon, over half of 

Verra1 and Gold Standard’s issuance have less than a 60 percent of successfully achieving emission 

reduction (AA- and A). If BeZero Carbon’s rating set is used as a proxy for the remainder of Verra and 

Gold Standard’s projects, then only 227 of the 3853 projects registered across both standards have 

issued credits with over an 80 percent chance of success (Figure 2). If we assume that AAA rated 

 
1 Verra is denoted as VCS on the table. 

Standard Name AAA AAA- AA+ AA AA- A Total
VCS 2 9 21 45 75 15 167
Gold Standard 0 2 9 14 18 10 53
CDM 0 4 7 5 4 0 20
American Carbon Registry 1 1 1 4 2 5 14
Climate Action Reserve 0 1 0 1 7 1 10
Plan Vivo 2 0 1 0 0 0 3
CSA 0 0 0 0 0 1 1
Woodland Carbon Code 0 0 0 1 0 0 1
City Forest Credits 0 1 0 0 0 0 1
BC Emission Offset Regulation 0 0 0 0 0 1 1

Total 5 18 39 70 106 33 271
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projects issue the same number of credits as AA and A projects, then 1.139 billion credits would have a 

less than 80 percent chance of achieving emission reduction, where nearly 650 million of those would 

have a less than 60 percent chance of success.   

Similar findings are echoed by Sylvera. In an interview with Samuel Gill, co-founder of the rating 

company, he noted that of the 35 projects that the company had rated in 2021, nearly half did not 

achieve the emission reductions they claimed (Mathis & Levingston, 2021). Later in 2022, Sylvera 

released a report titled the State of Carbon Credits 2022, which focuses on REDD+ credits, a category 

which currently accounts for roughly 45 percent of all credits available in VCMs (397 million credits) and 

covers exclusively NBS (Sylvera, 2022). According to the report, only 31 percent of REDD+ credits are 

considered high quality and low risk investments (Slyvera, 2022). Of the remaining 274 million credits, 

29 percent are considered moderate quality, 25 percent are considered junk credits, and the last 14 

percent lack sufficient data to accurately assess (Sylvera, 2022). Given the ratings put forward by both 

BeZero Carbon and Sylvera it is clear that a large volume of carbon credits is of low-moderate integrity 

or junk.   

The root causes of poor credit quality can be boiled down to two overarching market failures: self-

regulation and misaligned incentives.   

The lack of real government oversight of VCMs has led to weak standards and poor verification of 

projects. This is born out in rating company data but can also be seen in the countless scams, frauds, and 

unethical practices outlined in news stories (Greenfield, 2021), articles (Jacobs, 2013), popular shows 

(Oliver et al., 2022), and academic publications (Lohmann, 2010). According to a report by Interpol, 

these are the five types of fraud seen in VCMs (Interpol, 2013):  

● Overstating the quantity of emissions prevented or removed, either through manipulation of 

measurements or inadequate measurement processes.  
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● Sale of carbon credits that either belong to another party or do not exist. 

● False or inaccurate claim regarding the environmental, financial, or social benefits of a carbon 

offset project. 

● Abuse of weak standards to perpetrate financial crimes, such as money laundering, securities 

fraud, or tax fraud. 

● Hacking/phishing to steal carbon credits. 

The sheer number of projects which have exhibited some kind of fraud has made businesses think twice 

about purchasing voluntary carbon credits (Sylvera, 2022). Given the unregulated nature of VCMs, these 

frauds are unlikely to disappear anytime soon. Thankfully, bad PR has prompted many buyers to conduct 

stronger diligence when buying offsets, such as employing rating companies or investing in CDR projects 

through Advanced Market Commitment (AMC) firms like Frontier (Frontier, n.d.).   

Closely related to self-governance, misaligned incentives also negatively impact credit quality. Verra and 

Gold Standard must cater to the whims of big businesses to stay relevant and profitable. This means 

offering the highest quantity of offsets at the lowest possible price. Credits from projects that match 

those parameters tend to be RE projects and avoidance-type NBS (The World Bank, 2022), which 

account for nearly 85 percent of all NBS (Climate Focus, 2022). RE and NBS credits also happen to be the 

most populous credit type within both Verra and Gold Standard’s registry (Figure 3) (Climate Focus, 

2022). 
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Figure 3: Credit Issuance Type within Verra and GS from 2002-2022 

The incentive to issue the largest number of credits is also tied to Verra and Gold Standard’s fee 

structure. According to Verra’s governance documents, the non-profit earns revenue from a levy 

imposed on new issuance of carbon credits (Verra, 2020). Gold Standard also provides a similar 

structure (Gold Standard, 2017).   

Number of VCUs Issued USD/VCU Levy 

1-10,000 USD 0.05 

10,000-1,000,000 USD 0.14 

1,000,001-2,000,000 USD 0.12 

2,000,001-4,000,000 USD 0.105 

4,000,001-6,000,000 USD 0.085 

6,000,001-8,000,000 USD 0.06 

8,000,001-10,000,000 USD 0.04 

>10,000,000 USD 0.025 

Table 2: Verra Fee Schedule 
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This creates long-term structural concerns. If a Standard’s revenue is tied to issuance, the incentive is to 

issue as many credits as possible, which means relying heavily on RE and NBS credits. Unfortunately, 

these types of projects are rated the lowest in terms of quality (Table 3). Of the 95 RE and 93 NBS 

projects rated, nearly 96 percent of the RE projects and nearly 60 percent of NBS projects earned ratings 

of AA, AA- or A (low-moderate to effectively junk).  

 

Table 3: Credit Rating by Project Type (Sub-sector) 

The lack of regulation and existence of perverse incentives has clearly reduced the quality of credits 

available. This has exacerbated a second problem: low fungibility.  

Fungibility measures whether an asset can be exchanged for another asset of the same type. For 

example, one U.S. dollar can be exchanged for a different U.S. dollar. The currency’s tradability makes it 

Sub-Sector Name AAA AAA- AA+ AA AA- A Total
Peatlands 1 2 0 0 0 0 3
Grasslands 1 0 1 1 0 0 3
Mangroves 2 1 0 0 0 0 3
Afforestation, Reforestation & Restoration 1 3 10 9 5 1 29
N₂O from nitric acid 0 3 0 0 0 0 3
Landfill Gas 0 2 6 4 7 0 19
Avoided deforestation 0 5 7 13 7 6 38
Other Transport 0 1 0 0 0 2 3
Feed Additives 0 1 0 0 0 0 1
Renewables 0 0 4 16 72 3 95
Cookstoves 0 0 1 8 6 8 23
Non-Oil Recycling 0 0 4 0 0 1 5
Improved Forest Management 0 0 3 4 3 7 17
Water 0 0 2 2 0 0 4
Oil Recycling 0 0 1 0 0 0 1
Energy Efficiency 0 0 0 1 0 2 3
Agricultural Methane Recovery 0 0 0 1 1 0 2
Enhanced Oil Recovery 0 0 0 3 0 0 3
Fuel Switch 0 0 0 2 5 0 7
Fugitive Emissions 0 0 0 1 0 1 2
Waste Heat Recovery 0 0 0 1 0 1 2
Brick Manufacturing 0 0 0 1 0 0 1
Industrial Energy Efficiency 0 0 0 1 0 0 1
Domestic Fuel Efficiency - Biodigesters 0 0 0 2 0 0 2
Lighting 0 0 0 0 0 1 1
Total 5 18 39 70 106 33 271
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fungible. On the other hand, the Mona Lisa cannot be exchanged for Starry Night – these pieces, like all 

art, are non-fungible. Carbon credits currently lie somewhere in the middle of that spectrum. While all 

carbon credits are meant to represent one tonne of CO2e, the method by which those emissions are 

captured or averted prevents one-to-one exchange. Even if two credits come from two different high 

integrity offset projects, if one project sequesters carbon and stores it in the ground, while the other 

restores thousands of acres of forest, it is not fair to exchange one for the other. The co-benefits, costs, 

and risks associated with both projects still remain. These variables have created major price differences 

between carbon credits (Table 5)2 (Opanda, 2022).  

 

Table 4: Carbon Credit Pricing by Type - 2021 

 
2 Not included in the table are credits created by removal projects like DACCS, Enhanced Weathering, and other 
negative emission technologies. Credits created by these projects typically cost between $100/tCO2e-$1,000/ 
tCO2e but account for a very small percentage of the market (Honegger et al., 2021). 

Project Type Volume Sold (MtCO2e) Average Price Price Range
Wind 12.8 1.90$              $0.3-$18.0
REDD+ 11 3.30$              $0.8-$20.0+
Landfill Methane 7.9 2.00$              $0.2-$19.0
Tree Planting 3 7.50$              $2.2-$20.0+
Clean Cookstoves 3 4.90$              $2.0-$20.0+
Run-Off-River Hydro 1.5 1.40$              $0.2-$8.0
Water/Purification 1.2 3.80$              $1.7-$9.0
Improved Forest Management 0.8 9.60$              $2.0-$17.5
Biomass/Biochar 0.7 3.00$              $0.9-$20.0+
Energy Efficiency - Industrial Focused 0.7 4.10$              $0.1-$20.0
Biogas 0.6 5.90$              $1.0-$20.0+
Energy Efficiency - Community Focused 0.6 9.40$              $3.3-$20.0+
Transportation 0.5 2.90$              $2.2-$6.8
Fuel Switching 0.5 11.40$            $3.5-$20.0+
Solar 0.3 4.10$              $1.0-$9.8
Livestock Methane 0.2 7.00$              $4.0-$20.0+
Geothermal 0.1 4.00$              $2.5-$8.0
Agro-Forestry 0.1 9.90$              $9.0-$11.0
Total/Weighted Average 45.5 3.37$              
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Price differences have further fractured the market and complicated purchasing carbon credits. For 

businesses that want to genuinely offset their emissions, it becomes difficult to parse through which 

credits make economic sense given their value. For businesses with a strategy of greenwashing, it 

becomes easy to simply buy the cheapest credits available. Based on the quantity of poor integrity 

credits that have been retired since 2002 (Climate Focus, 2022), it is clear which option businesses are 

choosing.  

2.1.4. State of Carbon Dioxide Removal Market  

The demand for carbon removal credits has increased tremendously over the last two years. At the start 

of 2020 only 237 tCO2e had been purchased (excluding NBS), however, by the end of 2022, businesses 

had spent nearly $200 million and bought over 650,000 tCO2e (cdr.fyi, 2022).  

Stripe may have jump-started the sudden demand for CDR credits, a fintech payments platform, which 

announced a $1 million commitment to removal-based carbon credits in 2020 (Meyer, 2022). Following 

the announcement, Google, Meta, McKinsey & Company, and Shopify joined Stripe and jointly revealed 

a $925 million commitment to fund CDR initiatives over the next eight years (Meyer, 2022). Other 

businesses such as Airbus, have also made large commitments. In late 2022, the company bought 

400,000 tCO2e for $90 million (cdr.fyi, 2022).  

The surge in demand has brought money into CDR, but not evenly. The projects which sold the most 

credits were DACCS, Biochar, and Mineralization (Table 5). Unfortunately, costs are clearly an issue – 

according to the cdr.fyi database, the current range for CDR credits sits between $43.67 and $1,610.103 

(Table 5). If Airbus attempted to offset its entire emission profile with just CDR credits today (464.8 

 
3 These are the average prices observed by cdr.fyi tracking dashboard. It scrapes transaction data from 41 different 
marketplaces (cdr.fyi, 2022). 
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MtCO2e (Airbus, 2021)), it would cost the company $104.57 billion – a value larger than the company’s 

current market capitalization. For CDR initiatives to be effective they must become significantly cheaper.  

 

Table 5: Removal-based Carbon Offset Project Market Snapshot  

Fortunately, the cost per tCO2e of CDR solutions is expected to decrease over time. All nascent 

technologies start expensive, but prices inevitably fall as they are optimized and scaled. Solar energy is a 

good example of this – the levelized cost of energy (LCOE) of solar panels declined from $359/MWh in 

2009 to $37/MWh in 2020 (Lazard, 2020). DACCS are expected to go down a similar cost curve. Despite 

their high price tag today, one study estimates the levelized cost of capture (LCOC) for a DACCS could be 

as low as $32/tCO2e to $54/tCO2e by 2050 (Yang et al., 2022). Concurrently, enhanced weathering, 

biochar, and other CDR solutions are expected to make similar price adjustments over time (Faber & 

Merchant, 2022).  

2.2. Blockchain 

Simply put, a blockchain is just a new way of storing and recording information. Traditionally, centralized 

databases have stored and recorded digital information, requiring individuals to trust the organizations 

that consolidate and record the data to accurately maintain their ledger. Centralized control enables bad 

actors to incorrectly record, change, or obfuscate data to suit their needs. Wells Fargo (Srinvason, 2020), 

FTX (Yaffe-Bellany, 2022), AggregateIQ (Cossette, 2018), are just some examples of centralized 

Removal Project Category Number of Projects Sold (tCO2e) Delivered (tCO2e) Average Price (tCO2e)
BECCS 1 -                -                          -$                                
Biochar 28 82,396.00    41,211.00              205.74$                          
Bio-Oil 1 21,458.00    5,485.00                549.11$                          
DAC/DACCS 23 469,864.00  -                          233.41$                          
DOC (Direct Ocean Capture) 1 -                -                          -$                                
ELECTROCHEMICAL OCEAN CO2 CAPTURE 3 621.00          -                          1,610.31$                      
ENHANCED WEATHERING 6 12,029.00    2,228.00                244.80$                          
MACROALGAE 1 5,061.00       5.00                        240.37$                          
MINERALIZATION 6 58,049.00    -                          430.68$                          
WOODY BIOMASS BURIAL 1 8,130.00       -                          43.67$                            
Total 71 657,608.00 48,929.00             256.87$                         
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companies that have misrepresented data through either negligence or fraud. Furthermore, nefarious 

actors can easily exploit centrally stored data through cyberattacks and hacks. In fact, since 2015, there 

have been an average of 1,260 major data compromises per year in the United States alone (Statista, 

2022).   

In contrast, blockchain presents a decentralized and secure way of recording and storing information. 

Instead of relying on a centralized ledger, blockchains distribute data across a large number of nodes 

(or, computers). If two nodes want to exchange information (transaction), the entire network of 

computers must work together to validate the transaction. Once authenticity of the exchange is verified, 

a block containing transaction meta-data is created.4 To add this block to the main blockchain, nodes 

must participate in a consensus mechanism that incentivizes nodes to compete with one another to 

validate transactions. Validation is done differently depending on the consensus mechanism. If Proof of 

Work (PoW) is used, nodes must race to solve a complex mathematical puzzle. Once the first node 

solves the puzzle, a hash value (digital signature) is added to the block. Once enough nodes have solved 

the problem, the block is added to the main chain. Each node is typically rewarded for participating with 

a cryptocurrency (like Bitcoin). A Proof of Stake (PoS) mechanism will perform consensus differently, but 

the result is the same. Each block serves as a record for every transaction that has ever been made on 

the network. In this way information can be accurately reported and stored without the need for a 

centralized authority.  

This structure has three main benefits (IBM, n.d.):  

● Greater Trust: Data is shared across every node on a transparent public or private ledger. All 

participants of the blockchain have access to the same information. This democratizes data and 

increases transparency.  

 
4 Typically, multiple transactions make up a single block. 
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● Immutability: All new information must be agreed upon by consensus before it can be added to 

the chain. Once information is added to the chain it stays there forever. This means information 

cannot be tampered with, changed, or obfuscated in any way. 

● Greater Efficiency: Through the use of smart contracts, information exchange can happen 

automatically, saving both time and resources.  

Together, these core features make a compelling case to use the blockchain technology in many sectors 

of the economy.  

2.2.1. Applications 

The first successful application of blockchain technology was Bitcoin, a PoW cryptocurrency developed 

in the wake of the 2008 financial crisis as an alternative digital currency. Nakamoto promoted the need 

for a peer-to-peer electronic cash system that could bypass intermediary institutions, namely banks, and 

hoped that Bitcoin could provide a trustless and more secure solution to monetary exchange 

(Nakamoto, 2008).  

The second transformative application of blockchain technology was the development of Ethereum – a 

digital computer which hosts decentralized applications (dApps). This single innovation redefined 

blockchain's possibilities. To date, over 700,000 dApps have been built on top of the Ethereum Network 

(Etherscan, 2022), with applications ranging from decentralized finance (DeFi) to digital infrastructure, 

supply chain management, video games, and more. 

2.2.2. Current State of Regenerative Finance (ReFi) 

Regenerative Finance, or ReFi, refers to a growing cohort of crypto projects attempting to create 

positive environmental or social change. Many of these companies are leveraging blockchain 
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technology's transparency, security, and trustless nature to make carbon markets more resilient, liquid, 

and trustworthy. 

Recent events in ReFi have created problems for the space. In late 2021, KlimaDAO, a large ReFi project, 

bridged millions of Verra and Gold Standard credits on-chain. They assumed (and still do) that Verra and 

Gold Standard “guarantee” every credit as additional, permanent, and verified (KlimaDAO, 2021). As a 

result, KlimaDAO bridged millions of old, retired, and low-quality credits with significant additionality 

and permanence concerns (KlimaDAO Dashboard, 2022).  

In response, Verra banned crypto companies from bridging carbon credits on-chain (Verra, 2022). Verra 

made this decision to prevent the tokenization and sale of already-retired credits, which they believe 

should not be resold, but stood behind the quality of credits bridged. Several months after instituting 

this ban, Verra initiated a 60-day consultation period (which was extended by one month), to provide 

more clarity on next steps (Verra, 2022). Verra has yet to finalize their policy on tokenized assets, 

however they have made a preliminary proposal which requires all tokenized Verra credits to be 

immobilized – a locked state similar to retirement, but reversible (Verra, 2022). Verra plans to release a 

tokenization framework by the end of 2022 (Verra, 2022).  

Despite Verra’s stance, other standards like Gold Standard and the American Carbon Registry have been 

more open to tokenizing carbon credits. Both standards have conducted their own consultation periods 

to assess the value blockchain could provide.  

ReFi as an industry is young, and still in development. Although some early participants have made 

questionable decisions, there is clear potential in applying blockchain technology to VCMs. Carbon 

credits are a unique commodity that already operate in a fairly decentralized marketplace. Building 

digital infrastructure to better regulate, monitor, and facilitate transactions within VCMs holds 

tremendous long-term value.      
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3. Proposal  

As they currently exist, Voluntary Carbon Markets fail to incentivize investment into the most effective 

carbon offset projects and enable many corporations to claim credits that have little to zero impact on 

our climate. By leveraging blockchain technology, a new system can be created; one that recalibrates 

the incentives of standards, carbon offset projects, auditors, and registries. The first step in achieving 

this goal is to ban low- integrity offset projects from participating in the ecosystem (i.e., avoidance 

projects). Although many avoidance projects have incredible co-benefits, as a group, they have low 

additionality, low permanence, and rely too heavily on carbon accounting. They also distract from real 

solutions to reversing climate change – carbon capture and storage. In the context of this proposal, the 

only carbon offset projects that can participate are removal projects. This will create a more robust 

ecosystem, free of many issues currently plaguing carbon standards and VCMs. 

The foundation of this system will be an off-chain Standard, a governing body tasked with setting the 

rules of the ecosystem and determining who is allowed to participate. The second key component is the 

protocol, a multi-layered system that will facilitate the creation, verification, and exchange of Carbon 

Coins – tokenized carbon credits. The creation and verification of Carbon Coins will be performed by 

three participants: carbon offset projects, auditors, and the registry. Carbon offset projects will earn 

Carbon Coins for capturing and storing CO2e. For every tonne they capture, they will earn one coin. 

Auditors will earn a portion of each coin for verifying offset project claims. Lastly, the registry will store 

all relevant information concerning both parties and track each Carbon Coin from its creation to its 

retirement. Together these participants form the Consensus Layer of the protocol. 

Once consensus is met, Carbon Coins will be eligible for sale within several types of markets depending 

on the type of buyer. Corporations – the main buyers of Carbon Coins – will likely participate in a 

primary auction market or through an advanced market commitment (AMC) schema. Other participants 
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such as investors and speculators would participate in a secondary market. Surrounding these markets, 

other ancillary services such as insurance providers and rating agencies may be built to further support 

the ecosystem. Cumulatively, these marketplaces will allow carbon offset projects to offload their 

Carbon Coins to willing buyers across the value chain.  

3.1. Why Use Blockchain 

As discussed in section 2.1.3., VCMs and carbon offsets struggle from a variety of issues related to poor 

integrity, lack of appropriate governance, misaligned incentives, and low fungibility. While blockchain 

alone is not enough to solve each of these problems completely, it can be used to help mitigate these 

issues to some extent (see section 2.2.1.). A key feature of blockchains is the digital signature it imprints 

on every transaction (Sahay et al., 2022). This quality lets participants clearly see whether a transaction 

is valid. When applied to VCMs, it can help prevent fraudulent carbon credits from being created. 

Furthermore, aspects like transparency, immutability, and the ability to align values through creative 

incentive structures can reduce costs, make trading carbon credits more efficient, and improve carbon 

integrity.  

3.2. General Structure 

The protocol consists of three on-chain layers and one off-chain layer (Figure 4). The proposed structure 

is as follows:  

● Layer 0: Governance Layer  

● Layer 1: Consensus Layer  

● Layer 2: Primary Marketplace Layer 

● Layer 3: Secondary Marketplace Layer 
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Figure 4: Protocol Structure 

Each layer is responsible for a discrete task or set of tasks which are required before the subsequent 

layer can perform its function.  

● The Governance Layer is responsible for rule setting. A Standard, which acts as the governing 

body for the ecosystem, sets and enforces rules while also performing initial due diligence on 

Consensus Layer participants.  

● The Consensus Layer consists of three participants: Carbon Offset Projects, Auditors, and the 

Registry. Participants work together to create, verify, and track Carbon Coins – tokenized carbon 

credits. 

● The Primary Marketplace Layer allows Consensus Layer participants to offload Carbon Coins to 

willing buyers.  

● The Secondary Marketplace Layer lets Primary Marketplace buyers resell their Carbon Coins in a 

secondary market. The layer could also house tertiary services such as insurance providers, 

rating agencies, and other ancillary services.     
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3.3. Layer 0 – Structure   

Layer 0 represents the only off-chain portion of the protocol. It consists of a governing body and a layer 

one blockchain. The governing body is responsible for the rules, methodology creation, and vetting of all 

ecosystem participants. The layer one blockchain’s role is to provide a fast, reliable, and secure network 

upon which the protocol will be built.   

3.3.1.  Standard 

The Standard’s function is to create rules, validate methodologies proposed by removal projects, and 

verify prospective entrants into the protocol. The Standard must be independent, academically rigorous, 

operate quickly, and function with high integrity to be effective. Below are methods the Standard could 

use to function effectively.  

● Board of Governors: To ensure integrity, the Standard will have a board of governors composed 

of representatives from each segment of the ecosystem. Carbon offset projects, auditors, the 

registry, marketplaces, and buyers will all appoint representatives which will speak on their 

behalf. These representatives will then lobby on their constituents' behalf to ensure the 

Standard creates rules that benefit the entire network.  

● Financial Incentive: The Standard will be financially tied to the ecosystem and earn a percentage 

of revenues associated with every carbon coin's first sale (not a royalty). This will be done to 

both financially support the daily operations of the Standard and to make sure there is an 

incentive to govern the system so that it is profitable. This revenue generation model is superior 

to the levy model currently used by Verra and Gold Standard as it does not incentivize high 

issuance and forces the Standard to accept only offset projects with the highest likelihood of 

sale.   
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● Credit Quality: Although profits are important, an independent rating company (or group of 

companies) will assess the integrity of credits sold to ensure financial incentives stay aligned 

with integrity. If the quality of credits is below a predetermined benchmark, the Standard will be 

penalized. For performing this service, the rating agency will earn a fee.  

● Audits: Furthermore, a second layer of diligence will be added by Auditors. They will conduct 

periodic assessments of the Standard to validate whether it is abiding by its rules. If an auditor 

uncovers a problem, the Standard will lose a percentage of its earnings from Carbon Coin sales 

and some or all members of the board of governors may be replaced (depending on the severity 

of violation). Meanwhile, the auditor will receive the profits intended for the Standard as a 

bonus for itself. Doing this will incentivize both parties to operate with high integrity. 

● Peer Review: To ensure academic rigor, each proposed methodology will go through a process 

of peer review. The Standard will need to create a network of academics, scientists, and 

engineers that can effectively review and comment on each methodology. To incentivize the 

creation of this network, the Standard will pay reviewers a portion of the cut it receives from 

Carbon Coin sales. Each reviewer will be paid a flat rate for each methodology they evaluate. 

This will incentivize reviewers to evaluate as many methodologies as possible each year. For a 

methodology to be approved an agreed upon minimum number of reviewers must evaluate and 

agree that the methodology is sound.  

3.3.2. Blockchain  

The protocol will be built on an already existing layer one blockchain that offers interoperability. This 

could mean building on a wide number of projects such as Ethereum, Polygon, Polkadot, Cosmos, or 

others. These chains allow cross blockchain transfers of any data or asset, and also provide 

customization around specific use-cases – essential for a new voluntary carbon ecosystem.   
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3.3.3. Permissions 

The protocol will have both public and private permissions depending on the layer.  

● Layer 1: This will be a private layer. The Standard must approve all entrants and participants. It 

takes a high level of sophistication to develop or audit carbon removal projects, so only 

qualified members can participate.  

● Layer 2: This will be a public layer. Carbon offset projects will be able to sell to anyone and 

everyone. Participants will most likely be corporations, investors, and wealthy individuals. For 

regulatory reasons, anonymity among buyers may not be possible due to industry standards 

like KYC.  

● Layer 3: This will be a public layer. Everyone from corporations to individuals will be 

encouraged to participate in a Secondary Market and/or provide tertiary services. Similarly, 

regulations like KYC may prevent anonymity amongst participants.  

3.4. Layer 1 – Structure 

For a decentralized voluntary carbon market to function there must be an ecosystem of entities 

independently incentivized to perform specific market functions. The first layer of this ecosystem will 

include carbon offset projects, the registry, and auditors. Carbon offset projects will capture and store 

CO2e, auditors will validate whether carbon offset projects are meeting methodology specific 

requirements, and the registry will record all relevant data associated with both the carbon offset 

projects and the auditors. Each of these participants will have a set of incentives encouraging them to 

perform a specific task to the best of their abilities.   

3.4.1. Carbon Coin 

Carbon Coins are simply tokenized carbon credits. Carbon offset projects that are registered with the 

protocol will earn a Carbon Coin for every tonne of CO2e they can successfully capture and store. 
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Because the protocol is built on a blockchain, each Carbon Coin can be traced from its original source to 

its current owner. If an owner wishes to claim the associated offset, they must retire the Carbon Coin. 

Upon retirement, the Carbon Coin is destroyed, and the Registry marks the Coin as “Retired.” Once 

retired, the coin becomes permanently untradable. Carbon Coins have no other utility except for their 

intended use as a digital commodity.  

3.4.2. Potential Tokenization Models 

The tokenization model best suited for Carbon Coins is dependent on Horizonal Homogeneity, Vertical 

Homogeneity, and Regulation. These factors help describe the degree to which carbon credits can be 

commodified. These factors are described below:    

● Regulation: A low-regulatory environment prevents high commodification. Without government 

oversight, participants are able to define their own standards, methodologies, reporting 

frameworks, and quality. This creates fragmented markets and prevents fungibility (Liu et al., 

2021). In a high-regulatory environment offset projects must abide by much higher standards. 

This creates more homogeneity in how projects can operate which standardizes the quality of 

carbon credits available. More standardization creates more fungible credits which increases 

commodification.        

● Horizontal Homogeneity: Horizontal homogeneity is defined here as the number of carbon 

offset project categories that exist (i.e., Afforestation, DACCS, Enhanced Weathering, Blue 

Carbon, etc.). A horizontally heterogeneous environment is one where many different 

categories of carbon offset projects exist. Because each project category has its own risks, costs, 

and co-benefits, carbon credits are less fungible. In a perfectly horizontally homogeneous 

environment only one category of carbon offset project exists. This ensures fungibility and high 

commodification.   
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● Vertical Homogeneity: Vertical homogeneity is defined here as the number of carbon offset 

project types that exist within a category (i.e., liquid direct air capture and solid direct air 

capture are both types within the category of DACCS). A vertically heterogeneous environment 

is one where a large variety of different offset project types exist within a category. This 

prevents standardization  

The level of horizontal and vertical homogeneity should increase as carbon markets mature. Each 

category will naturally trend towards a “dominant design”, or an optimal project type (Srinivasan et al., 

2006). This should consolidate the number of project types within each category. After, the most cost-

efficient categories will swallow up market share, and further consolidate the industry. This trend will be 

accelerated by regulation, which will standardize how each remaining category can operate.   

All of this must be taken into consideration before choosing a tokenization model. Outlined below are 

three different structures for Carbon Coin, depending on the factors mentioned above (Figure 5).  

 

Figure 5: Possible Tokenization Models 
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● Low: In this type of environment, it may be best to initially mint Non-Fungible Tokens (NFTs) 

specific to each project. These NFTs could be pooled together and sold in aggregate to increase 

commodification. This model can be compared to VCMs today. 

● Medium: Within this type of environment, Carbon Coins would be given a distinction based on 

category. For example, DACCS projects would receive a DACCS Carbon Coin, Enhanced 

Weathering projects would receive an Enhanced Weathering Carbon Coin, Afforestation 

projects would receive Afforestation Carbon Coins, and so on. In this model, there are still many 

categories of offset projects; however, no distinction between the types that exist within each 

category. Buyers would no longer need to worry about the integrity of each project, only the 

integrity of the category as a whole. This model can be compared to power markets today. 

● High: In this model, Carbon Coins could be allotted to any project regardless of how it 

sequesters and stores CO2e. The high level of vertical and horizontal homogeneity, coupled with 

strong regulation, would create a system where price is the only factor. The only projects that 

will exist under this system will be those that can capture and store CO2e most efficiently at 

scale. This model can be compared to currency markets today. 

3.4.3. Proposed Protocol Tokenization Model  

The protocol will assume a medium level of commodification is possible. Carbon Coins will be 

differentiated based on the category of carbon offset project, but not type. This will provide short-term 

flexibility for businesses who want to purchase Carbon Coins from a variety of different project 

categories, while still ensuring greater commodification than NFTs.  

3.4.4. Carbon Offset Projects  

In the context of this protocol, the only carbon offset projects that can join the ecosystem must employ 

high-integrity negative emissions techniques – i.e., they must permanently capture and store CO2e. 
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Projects that may meet this criterion are Direct Air Carbon Capture and Storage (DACCS) systems, 

Enhanced Weathering projects, and some forms of Nature-Based solutions like Afforestation, Blue 

Carbon, and Ocean Fertilization. Carbon offset projects may earn a Carbon Coin for every tonne of CO2e 

they capture and store.    

3.4.5. Auditors  

Auditors are third-party companies that specialize in auditing negative emission technologies. These 

companies will be vetted and approved by the Standard before they can evaluate carbon offset projects. 

Auditors will only verify offset projects within their respective domain of expertise, meaning, an auditing 

company that specializes in Afforestation will never audit a DACCS system, and vice versa. Auditors will 

earn a percentage of the first primary market Carbon Coin sale as an incentive for their services.  

3.4.6. Registry  

The Registry will house all relevant carbon offset project information and track each Carbon Coin from 

its creation to retirement. Tracing Carbon Coins will extend past Layer One – the Registry will also track 

Carbon Coins sold in the Primary and Secondary Markets. The Registry will house information related to 

Carbon Coin sales and buyers to add an additional layer of transparency. For hosting information and 

tracking coins, the registry will earn a percentage of the first primary market Carbon Coin sale. 

3.4.7. Proof of Capture  

Underpinning the ecosystem is the Proof of Capture (PoC) consensus mechanism. PoC is responsible for 

the creation and validation of Carbon Coins. Unlike other consensus mechanisms (Proof of Work or 

Proof of Stake), for PoC to function, auditors (validators) must check in-person whether a carbon offset 

project has properly captured and stored CO2e. This will slow and complicate the process of validation. A 



28 
 

preliminary audit must be completed to increase speed and trust before an offset project can join the 

blockchain. The preliminary audit will be handled by the Standard.   

● Methodology Approval: All carbon removal projects that hope to join the ecosystem must apply 

for approval by submitting their carbon capture and storage methodology to the Standard. After 

reviewing the methodology, the Standard will either approve or reject the carbon removal 

project. If approved, a preliminary audit begins.  

● Preliminary Audit: An independent auditor will review the project and approve or reject it based 

on predetermined criteria specific to the project’s methodology. If approved the project will 

have to submit all relevant data to the Registry, and only after will it be allowed to receive 

Carbon Coins for capturing and storing CO2e.    

After the preliminary audit is complete, auditors will step in to provide periodic assessments.  

● Periodic Audit: Auditors will validate carbon offset projects on a periodic basis (monthly, 

quarterly, semi-annually, annually) depending on the methodology and what is most practical 

for both the Auditors and offset projects. In the time between audits, offset projects will accrue 

“locked Carbon Coins” – Carbon Coins which cannot be accessed until the next audit is 

complete.  

● Consensus: To maximize trust, at least two Auditors must evaluate the same carbon offset 

project over every locking period. Once a certain threshold of audits has been met, no new 

audits need to occur. If the threshold is not met, the auditing period is extended, and Auditor 

rewards are increased to incentive validation. On a case-by-case basis, the Standard may 

intervene if thresholds are consistently not met, by performing its own audit.  

● Collusion: Auditors will be assigned offset projects at random and will not know who or how 

many other Auditors are assigned to the same project. 
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3.5. Layer 2 – Structure 

The second layer of this ecosystem is meant to act as a primary marketplace for carbon offset buyers. 

Here, layer one participants will be able to offload their Carbon Coins to government entities, 

corporations, non-profits, investors, and wealthy individuals – anyone who wants to offset their carbon 

footprint. Ultimately, this layer is meant to allow participants to quickly convert their Carbon Coins into 

fiat equivalents so they can fund their daily operations. This is especially important to the auditors, the 

standard, and the registry. These participants are not in the business of selling carbon offsets, so for 

them it is important to quickly convert their cut of every Carbon Coin into fiat. 

3.5.1. Primary Auction Market 

There are three key reasons why removal-based Carbon Coins should be exchanged in an auction 

market: 

● Price Variations: As discussed in section 2.1.3., there are large price differences between carbon 

credits both within and across project categories. Large price variability creates market 

imbalances, incentivizing buyers to purchase the cheapest credits possible. To prevent this, 

Carbon Coins will be auctioned off in bulk, where the weighted-average sales price of auctioned 

Carbon Coins will become the floor price for the auction. If demand is higher than supply, the 

price of the aggregated Carbon Coins may increase; however, if demand is low price will not fall.  

● Supply and Demand Imbalances: There are large imbalances to supply and demand. Currently, 

demand for carbon removal projects is much higher than the available supply (Gordon, 2022). 

This creates liquidity concerns which make a traditional exchange more difficult to implement. 

Instead, an auction market is better suited to match sellers with buyers.   

● Carbon Coin Creation: Carbon Coins are created in batches (see section 3.5.7.). The slow turn-

over of new Carbon Coins creates problems for buyers. Buyers would need to wait until a large 
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enough supply of Carbon Coins accrued before they could make a purchase. The low supply 

would impact liquidity, making it difficult to run a traditional exchange.   

The primary auction market will function in four steps (Figure 6): 

● Step 1 – Submission: At the start of a new auction, buyers and suppliers will use a public ledger 

to submit a quantity and price for Carbon Coins they hope to buy or sell. The ledger will 

accumulate asks and bids until the submission period is over. During this period, sellers can 

adjust their asking prices to match demand signals posted by buyers.  

● Step 2 – Aggregation: Once the submission period has ended, the marketplace will produce a 

weighted average price, equaling the auction's price floor. Buyer will not be able to bid below 

this price.  

● Step 3 – Auction: Buyers will have a limited window of time to bid on the amount of price of 

Carbon Coins available. All buyers will be able to see how others bid. 

● Step 4 – Sale: Once the auction is complete, buyers and sellers will exchange funds for Carbon 

Coins.  

 

Figure 6: Primary Auction Market 

The primary auction market is a short-term solution. Once supply catches up with demand there will no 

longer be an incentive for businesses to bid above the floor price of the auction. Unless a regulatory 
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body mandates an auction market structure, it may be more efficient to use a more traditional order-

book exchange.  

3.5.2. Advanced Market Commitments 

Advanced Market Commitments (AMCs) are contracts to deliver carbon credits at a prearranged price 

and quantity. For many high integrity, removal-based, carbon offset projects, the cost of capturing and 

storing CO2e is too high to be worthwhile without a guarantee of future purchase (see section 2.1.4.). 

AMCs alleviate these fears by providing capital upfront.  

In the context of the protocol the AMC system would work as follows (Figure 7): 

• Step 1: Suppliers in need of upfront capital would submit relevant information about their 

project, the supply of Carbon Coins they could guarantee, and the price at which they would be 

willing to sell to a public ledger. Simultaneously, interested buyers would submit information 

regarding the amount of capital they wanted to spend, the quantity of CO2e they wanted to 

offset, and any relevant contact information to the same ledger.  

• Step 2: Buyers examine the available selection of suppliers and select the carbon offset projects 

of interest to them. Off-chain, buyers could contact suppliers to negotiate different terms. 

Changes in terms would need to be amended on-chain.  

• Step 3: Both parties enter into an agreement which is executed via smart contract on-chain.  

 

Figure 7: Advanced Market Commitment 
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3.6. Layer 3 – Structure 

The third layer of this ecosystem will be devoted to a secondary market and tertiary services such as 

insurance providers, rating agencies, derivative products, brokers, data providers, consulting services, 

and any other relevant tool or business that could help improve the efficiency, security, access, or 

transparency of the ecosystem.   

3.6.1. Secondary Market 

An Automated Market Maker Exchange (AMM) will be used to facilitate the purchase and sale of Carbon 

Coins in the secondary market. AMMs are decentralized exchanges which rely on liquidity pools funded 

by users to price assets automatically (Figure 8). Through an incentive-based mechanism called Yield 

Farming, AMMs are able to provide deep liquidity, low transaction fees, and uninterrupted service 

(Mihajlovic, 2022).  

 

Figure 8: Automated Market Maker Exchange Flow Diagram 

AMMs function differently from traditional exchanges. Instead of utilizing a central reserve of assets to 

facilitate transactions, AMMs incentivize users to deposit their own funds into liquidity pools to serve as 

market makers. A smart contract automatically swaps their assets when participants trade through the 

pool. To maintain a constant price, pools utilize an algorithm, typically 𝑥𝑥 ∗ 𝑦𝑦 = 𝑘𝑘 (Mihajlovic, 2022): 
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where 𝑘𝑘 is a constant representing liquidity; 𝑥𝑥 is the token amount of the first asset in the liquidity pool; 

and 𝑦𝑦 is the token amount of the second asset in the liquidity pool (Bybit Learn, 2022). 

● Yield Farming: Users are incentivized to deposit funds as liquidity for a portion of each 

transaction fee settled through the pool. The more money that is deposited into the pool, the 

less an individual earns from each transaction. This incentivizes early entrants to join new pools 

quickly. Furthermore, users cannot withdraw their funds at-will. To prevent liquidity from drying 

up during market panics, funds are locked and can only be withdrawn after a predetermined 

period (Sankrit, 2022).  

There are four main advantages of using an AMM (Mihajlovic, 2022): 

● Manipulation Resistant: A centralized authority cannot manipulate the market and conduct 

insider trading.  

● High Security: Hackers are prevented from attacking the system if the AMM is hosted in a 

distributed way. Moreover, hackers can only target liquidity pools, not users. 

● Low Costs: The absence of middlemen (market maker or broker) considerably reduces the cost 

of exchanging assets. Participants only pay a gas fee to the layer one chain the AMM is built on. 

The cost of gas fees depends on the chain – In the case of Ethereum, gas fees can be as high as 

$5-$100 per transaction; although, once a process called Sharding is introduced in 2023, gas fees 

could come down by at least 100 times (Ethereum Foundation, 2022). On other chains like 

Polygon, fees can be as low as $0.0005 per transaction, which makes exchanging assets much 

more manageable (Polygonscan, n.d.).    

● Accessibility: Anyone with a crypto wallet can use the AMM. The number of people who can 

participate increases demand, liquidity, and the underlying price of Carbon Coins.  
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Longer-term if price variation decreases, liquidity increases, and supply and demand imbalances tighten, 

the AMM may supplant the primary auction market and AMC (see sections 3.6.1. and 3.6.2). If this 

occurs the structure of the proposed solution will simplify into three layers where the second layer is 

removed.  

3.6.2. Rating Companies & Tertiary Services 

In addition to a secondary marketplace, the third layer could also host rating companies and ancillary 

services such as insurance, brokers, consultants, and derivative products. These services would work to 

support the creation, management, trade, storage, and integrity of carbon coins across their lifecycle.   

Rating companies are especially important. Ratings can help bring transparency to the marketplace by 

exposing the differences between high and low integrity projects. Furthermore, if ratings are too low the 

Standard will be held liable. In this way, rating companies simultaneously bring clarity to the market 

while also preventing the Standard from accepting low-integrity projects into the ecosystem.   

3.7. Challenges 

There are a number of major challenges to creating this ecosystem. The first challenge is to convince the 

Standard and the Auditors to get paid from a percentage of sales. In the short-term, the rate at which 

sales occur, the price sold, and quantity sold, will all be variable. It may not be economically viable for 

the Standard or the Auditors to perform their tasks without sufficient demand. To mitigate against 

demand variability, corporate commitments must be secured ahead of time. 

The second challenge will come from regulations. Both blockchain and VCMs are nascent markets with 

low regulatory oversight. As these industries mature, regulators will impose more robust policy 

frameworks around both sectors. In some cases, more regulation will help improve clarity, while it may 
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impede development in others. Navigating these changes may prove difficult depending on the scope 

and scale of government oversight.   

The infancy of CDR solutions is the third challenge to development. Many carbon removal technologies 

are in the early stages of development and may never reach commercial scale. For example, there are 

only 18 operating DACCS plants around the world, which collectively capture less than 0.01 Mt of CO2e 

each year (Budinis, 2022). Although there is tremendous demand and hope for DACCS projects, the time 

it will take to optimize, and scale is unclear. The lack of supply and future uncertainty creates a short-

term problem in ecosystem development.  

Ecosystem development is another challenge that must be addressed. The quality of the ecosystem is 

highly dependent on the competence of its participants. If Auditors and Carbon Offset Projects are 

unable to perform their tasks quickly, accurately, and honestly, then the ecosystem will struggle. Vetting 

and integrating quality participants will be among the biggest challenges for the protocol.  

The final challenge will be overcoming the cost of removal-based carbon credits. As long as cheap 

avoidance-based solutions are considered equal to removal-based ones, corporations will gravitate 

towards the cheaper option. It may be difficult to convince corporate entities to buy large quantities of 

removal-based credits at the prices they are currently selling at. 

4. Conclusion  

Over the last five years VCMs have experienced tremendous growth. Unfortunately, this expansion has 

come at the cost of quality and trust. The majority of carbon credits on the market today are low-

integrity, low-permanence, non-additional, and lacking in any real climate impact. This glut of low-

quality credits can be traced to a combination of ineffective governance and inappropriate incentives. 

Despite these issues, new technologies like CDR and blockchain may be key to improving VCMs. New 
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CDR initiatives can more effectively capture and store carbon emissions at scale, while blockchain 

technology will help improve transparency, trust, security, costs, and the incentives that govern VCMs. 

Together, these technologies can be harnessed to create a blueprint for a new type of voluntary carbon 

ecosystem. My proposal attempts to do just that. The Governance Layer addresses incentives and 

integrity, the Consensus Layer helps increase transparency, trust, and fungibility, and the Primary and 

Secondary Marketplaces focus on facilitating transactions, lowering intermediary costs, and improving 

liquidity. Together these layers create an ecosystem that can enhance how VCMs function today.  
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