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Abstract

:

The capacity of the greenhouse gas recycling mechanism in nature has long reached its limit, resulting in a sharply increasing trend in the marginal cost of recycling one unit of human-produced carbon and other greenhouse gas emissions. Externalities associated with the marginal cost of greenhouse gas emissions affect health, climate, and the economy, which have urged global authorities and governments to request urgent actions to slow down the production of such pollutants. Nonetheless, without public awareness and a holistic mechanism to monetise the impact of pollutants, a universal strategy to reduce greenhouse gas emissions is condemned to failure. This paper presents an overview of emerging technologies that can come together to offer an innovative solution for monetising, incentivising and realising the reduction of greenhouse gas emissions. Through a brief review of the literature, an innovative ecosystem is proposed for the first time, accounting for a unified platform for carbon verification, validation and monetisation, which can be adopted as a business model to validate and monetise the amount of incentivising businesses and people for carbon saving on a decentralised blockchain platform.
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1. Introduction


The environment has never been a more critical concern. Globally, societies are rushing to achieve increased environmental sustainability at all levels, either due to international pressure and mutual agreements or out of a voluntary desire to do so. At the centre of this transition rests a dichotomous choice for all participants, either reduce greenhouse gas emissions (GHGE) or purchase Carbon Saving Units (CSU). As resource expenditure and GHGE increase with economic growth, reducing GHGE without developing and implementing innovations becomes incredibly hard and costly. As such, the mainstream decision for most participants has been to purchase and invest in CSUs. This decision largely revolves around the practical nature of CSUs. Participants do not need to change value chains or transition to more costly energy sources that have reduced GHGE. The CSU ecosystem is also dichotomous, with a cap-and-trade ecosystem operating as a result of governmental regulation largely following the Kyoto Protocol and the voluntary ecosystem operating in a fragmented way to facilitate voluntary demand for CSUs. As a practical and widely accepted solution, CSU have witnessed increased demand pressure causing prices to rise dramatically in recent years, with estimates predicting further growth in coming years [1]. However, deep structural issues persistent within the CSU value chain threaten the long-term survival and growth of this ecosystem. The hyper centralised CSU ecosystem lacks efficiency, transparency and overall efficacy. These challenges exist largely as a result of limited access to the ecosystem, limited incentives to participate and a lack of utility around CSU. Moreover, several intermediaries exist throughout the value chain, leading to the emergence of numerous governance-related risks and challenges as well as increased process costs. These challenges limit the effectiveness and scope of this ecosystem and threaten its long-term survival. While significant research has been held on the topic of decarbonising the economy and using blockchain as an accelerator [2,3], few papers have explored the case for a comprehensive, ecosystem-based approach to attracting all stakeholders to make better environmental decisions. This paper uses the previous research in this space as a base. It proposes that a novel, holistic solution that integrates the entire value chain and limits the need for trusted intermediaries while simultaneously increasing incentives to participate would solve various existing challenges and improve access to this critically required ecosystem. The paper will research the viability of the proposed ecosystem and explore the ecosystems’ ability to achieve key global environmental goals.



The proposed solution would employ the blockchain to create a consensus-based, decentralised CSU ecosystem backed by two native tokens. The first native ecosystem token is a Proof of Environmental Value (POE) token, which is minted after the verified and consensus validated attainment of at least 1tn of Carbon Dioxide Equivalent Savings (CO2e). The secondary ecosystem token is the native consensus token used to introduce and vote on solutions and partake in the validation process. This token will have staking features and be required to partake in ecosystem elements, such as submitting a project to mint POE tokens. The ecosystem is designed to incentivise the creation of new CSUs via the POE token. It would maintain legitimacy through employing an innovative multi-layered, consensus-based verification process that involves ecosystem participants. This solution will also facilitate the tokenisation, exchange and realisation of pre-existing CSU credits through utilising its own decentralised blockchain exchange. Furthermore, the ecosystem will implement several value-adds that will increase incentives and utility points associated with becoming a participant, such as an environmental rewards system, an ecological marketplace for the transaction of goods and services, an environmental NFT solution and an ecological asset crowdfunding and insurance solution. Using the decentralised blockchain, the ecosystem would boost transparency and ease of access by ensuring that all processes and transactions are publicly available and that anyone can become an ecosystem participant. These unique characteristics of the decentralised, blockchain-enabled CSU ecosystem will allow it to successfully help address the varied challenges that face the current ineffective and inefficient CSU ecosystem.



The gap in the sustainability literature is on how technology can assist with realising and monetising the consequences of unsustainable technologies in a holistic, transparent, and efficient market. The scientific literature needs to urgently discuss what technologies should be punished and which ones to be rewarded for their contributions to the GHG targets. Otherwise, the existing government-managed carbon markets fall short of creating a paradigm shift toward environment-friendly technologies. It is not surprising that less efficient technologies dominate the trend of technology inventions, although governments are enforcing some fine-tuning. For the first time, this paper proposes a practical solution that facilitates a technology leapfrogging where all involved stakeholders (developers, investors, governments and users) will adopt environment-friendly technologies. This paper elaborates on a potential approach for realising the consequences of saving carbon through a decentralised system through a literature review process. The novelty of this paper’s proposed solution is within the development of a systematic and holistic conceptual framework for monetising the externalities of greenhouse gas emissions emission in which end-users, governments, investors, and producers can have skin in the game. This innovative proposed mechanism incentivises participants in the system and nonparticipants to take a more vital role in the overall ecosystem, especially as the benefits of investing in preventive technology related to the reduction of carbon production are getting realised for classical investors in industries such as pharmaceutical and energy industries. The main advantage of this novel proposed framework pertains to employing a blockchain mechanism that enables individuals to take part, companies to trace back the supply chain of carbon production to who buys the tokenised carbon saving unit and governments to facilitate the process of carbon reduction by having a universal market for the carbon production, monetisation, tokenisation, and transaction. This paper will focus on drawing out qualitative analysis and preliminary conceptual applicability of this novel framework in successfully responding to prevalent Carbon Saving Unit (CSU) ecosystem challenges. Several unique and novel supplementary utilities are offered in the paper in addition to the framework, which is expected to enhance the adoption of the proposed business model by a diversified set of stakeholders.



In the below sections, the paper will first explore the CSU ecosystem and the associated challenges before setting out the workings of the proposed conceptual solution framework and then analysing the related benefits and challenges of the proposed solution. In the next section, we review concepts related to the carbon saving unit concepts and blockchain. This is then followed by the structure of the proposed blockchain-empowered platform. We then elaborate on additional features that can be integrated into the proposed decentralised carbon accounting model with discussions around their benefits and drawback. Finally, several concluding remarks are presented in the final chapter on how the proposed ecosystem is envisioned to revolutionise the sustainability research area.




2. Literature Review


2.1. Carbon Saving Unit Ecosystem


As a global transition to a greener tomorrow is witnessed, people and corporations are faced with a contemporary, dichotomous decision to be better ‘environmental citizens’: either reduce emissions by changing existing processes or purchase Carbon Saving Units (CSU) to offset emissions. A CSU represents an amount (often one tonne) of carbon savings generated by an asset and allows emitters to mitigate their emissions by paying to sequester the amount of carbon they emitted [4]. Naturally, as changing processes is both costly and often impractical, with most centres of production still revolving around emission heavy technologies and processes, CSUs have become the premier choice for many businesses resulting in strong demand and causing the price of this little-known commodity to grow several-fold since 2018 [5]. The CSU ecosystem exists to penalise greenhouse gas emitters and reward owners of assets and production centres that actively produce CSU [6]. The ecosystem revolves around a three-part supply chain. Creators, who generate carbon savings via a variety of means, purchasers who buy the generated carbon savings to offset their emissions and market facilitators, which facilitate exchange between market participants by verifying generated CSU and creating markets. This ecosystem operates in two forms, the cap-and-trade sub-ecosystem and the voluntary sub-ecosystem. Regulators have created the cap-and-trade sub-ecosystem to control emissions by allocating emission caps to corporations and then providing an avenue for them to purchase CSUs to offset any emissions exceeding their cap, thereby creating an immediate economic disincentive to emit excess CO2. Several nations currently employ the Cap & Trade Mechanism, with certain nations such as Australia employing a similar, less restrictive method with greater allowances. The voluntary market operates partly outside the grasp of government regulation and exists to facilitate voluntary purchases of CSUs by entities. This ecosystem operates almost exclusively for large corporations, with limited economic involvement by individuals or smaller corporations, largely because of the net cost and limited incentives and utility associated with purchasing and holding CSUs.




2.2. Source of Demand


Demand for CSUs primarily originates from large corporations. It is largely brought about by pressure from three sources: (1) regulation centres, (2) Investor-led Environmental Social Governance (ESG) requirements, and (3) client-focused requirements. These three elements have created monetary and non-monetary costs associated with being a corporate CO2e emitter, forcing entities to either reduce emissions through purchasing CSUs or changing value chains [7].



The source of this pressure and why it has increased in intensity in recent years are discussed in the next subsections.




2.3. Government Regulation


Governmental regulations subsequent to the Kyoto Protocol have led to the creation of cap-and-trade markets to control and gradually decrease emissions nationally. Regulation is often directed towards high emitters such as oil and gas companies and ensures that nations can progressively transition to becoming net-zero emitters, in line with their global commitments following the Kyoto Protocol [2]. Underlying this is the realisation that the climate crisis presents more immediate repercussions than once thought and that a failure to control emissions may lead to the development of varied risk points directed towards agriculture, economic security and even national security [8]. The intensity of this pressure point has gradually increased throughout recent years as a global appreciation of the climate crisis and its potential impacts have increased. Government regulation has led to the creation of what is referred to as the CSU ecosystem, with a range of ecosystem issues and inefficiencies stemming from this genesis.




2.4. Investor Led ESG Requirements


Investor-led ESG requirements revolve around investors’ inclination to lock up capital in corporations that have recognised and are actively responding to the climate crisis. As a recently developed pressure point, ESG requirements have been formed as a result of government regulation, operating as the private market’s response to penalising CO2 emitters and rewarding environmentally sustainable entities. Globally, corporations that are actively responding to the climate risk, either by transitioning to low/no emission value chains via CSUs or developing low-no emissions technologies (Plug Power), are valued more favourably when compared to their counterparts and enjoy greater investment within the public and private markets [9]. However, ESG-related pressure from investors is not entirely altruistic, with studies showing that effective corporate responses to ESG-related pressure positively impact the corporation’s equity returns [10].



ESG-related pressure has increased in intensity in recent years as capital markets have better recognised the substantial and immediate climate risk [1]. For example, Japan’s Government Pension Investment Fund (GPIF) announced in 2017 that it is incorporating ESG issues within its investments to focus on more sustainable businesses. Moreover, in recent years, several green exchange-traded funds have been created to allocate capital to corporations that incorporate green processes and produce green technologies [11]. With more than $51 billion pouring into these ESG funds in 2020 alone, investors are creating an indirect incentive for corporations to adopt more environmentally friendly value chains [12]. Investors’ ESG requirements have collectively led to corporations wanting to do more for the environment. This is evident as increasingly more corporations are taking action through publishing annual sustainability reports, sharing environmental policy frameworks and investing more into green technologies and CSUs [1,13]. To put this into perspective, green investments, which include investment by firms in low-emission energy supply, increased energy efficiency and carbon sequestration, have increased 20-fold between 2000 and 2010 to reach $154 billion [13].




2.5. Client Led Pressure


Client-led pressure revolves around consumers of products and services choosing to purchase the goods and services of corporations that proactively respond to the climate crisis and avoid products from environmentally unsustainable firms [12]. For example, according to a U.S customer survey [14], almost 85.7% of those surveyed have shown a strong willingness to pay more for environmentally friendly products and services. Furthermore, another study identified that 89 automotive enterprises in China were facing market pressure from their clients to adopt a green and ecologically friendly value chain [15].



Ultimately, clients pressure corporations to become environmentally sustainable by avoiding products that are emissions heavy and choosing products and firms with a low environmental impact [16], ultimately creating what is defined as the economic/social cost of being a high net emitter’. This cost is economical, in the way of lost revenue, and social, in the way of a tarnished public business image, should the corporate entity continue to emit relentlessly. This ‘econosocial’ cost will hurt the business performance of companies that continue to be unsustainable environmental entities by acting as an indirect long term social and economic cost.



Together, these three pressure points, underlined by the simple idea that tomorrow’s world will be one that low-no emission corporations govern, work together to incentivise corporations to implement greener policies and operations, causing the CSU ecosystem to rise dramatically.




2.6. Size of CSU Ecosystem


As a result of these pressure points, the CSU market, as the convenient choice for corporations to achieve environmental sustainability, has experienced significant growth over the past years. In 2020, the market globally increased by 20% to reach $272 billion [17]. Naturally, prices of CSUs (Australian Issued) have also experienced a significant rise, witnessing a 300% increase from 2018 to 2021 [5]. Interestingly, the voluntary CSU ecosystem is forecasted to grow more rapidly than the cap and trade. Demand is predicted to increase by more than a factor of 70 to reach 2 gigatons per year by 2050 [18]. Presently, issued voluntary CSUs have increased in total volume by more than a factor of 6 from 2016 to 2021 [19]. Despite the current lack of incentives to participate in the existing CSU ecosystem, the data is evident. CSUs are viewed as an ‘economic cost of emitting’ with little utility, CSUs are more often voluntarily being incorporated by corporations globally, and demand outweighs supply.




2.7. Ecosystem Problems and Inefficiencies


This paper, however, proposes that viewing a CSU as a simple ‘economic cost of doing business’ is short-sighted and incorrect. CSUs have the potential to become mainstream and accessible by all through being securitised as the ‘backbone incentive-based commodity of the 22nd century. However, much of the current value chain needs amendments to evolve from a punitive economic cost to a meaningful economic incentive and commodity. This paper will now explore these issues by illustrating the CSU value chain below (Figure 1).



The CSU value chain starts with creating a CSU and ends with the sale and realisation of the CSU. Several intermediaries exist to facilitate the value chain via verifying CSUs and creating markets throughout this process. Realisation is defined as the act of retiring and realising the emission savings of a CSU.




2.8. Difficulty in Accessing Market Opportunities for Producers of CSU


Currently, access to accredited market facilitators to verify and sell developed CSUs is extremely limited, with a broad range of asset owners either unaware of initiatives or unable to access them due to high costs [2]. Increasingly, this access challenge leads to the development of a cornered CSU development market, whereby only a select group of assets, often the largest within the market, can successfully navigate this arduous and highly costly process. Thus, limited access opportunities effectively restrict the scope of the CSU ecosystem and substantially reduce potential positive environmental impact while also making the ecosystem liable to supply-side risks.




2.9. Difficulty in Accessing Market Opportunities for Purchasers of CSU


Limited access to CSUs also extends to end-users and purchasers. As already discussed, the primary purchasers of CSU are global, large corporations. This is primarily due to the high net cost and absence of utility points associated with becoming a market participant. A lack of access to market opportunities has ultimately led to a reality whereby becoming a small-medium CSU market participant is extremely difficult and often uneconomical. This issue is exacerbated for voluntary participants who need to explore and understand the somewhat complex and fragmented CSU ecosystem and then find a market facilitator themselves. Critically, the minor market participants, usually individuals and small corporations, who can make the most sizable impact have been unable to access this ecosystem effectively.




2.10. Lack of Incentives and High Costs Associated with Participating in the Value Chain


At the core of the access issue within the ecosystem is an absence of incentives and utility around CSUs. Currently, incentives to participate within the CSU ecosystem are primarily governed by societal or regulatory pressure, more often directed towards large, publicly-traded corporations. Entities that become market participants often do so to avoid damning sanctions either by governmental agencies or private investors and clients. As a result, the CSU ecosystem has developed into a punitive measure, creating disincentives to emit. Other than this burden, there are very few incentives to purchase a CSU.



Utility around CSUs is also minimal, with most developed CSUs realised to offset emissions immediately. The only meaningful utility point that a CSU can provide to a market participant is the ability to offset carbon footprints. However, various mechanisms have recently developed to allow for peer-to-peer trading of CSUs, thereby enabling market participants to use a CSU as speculative security. However, these markets are still very immature, and some still question their effectiveness in their current form. Furthermore, transaction costs throughout the ecosystem are very high, causing wealth to be transferred to ecosystem facilitators and making the process extremely inefficient, further reducing incentives to participate [20].




2.11. Transparency, Governance and Trust


The entire CSU value chain is governed and operated by a few private and governmental entities, which control the majority of supply with little to no input from the end-user of the CSU. The centralised and controlled governance structure has led to the development of various problems such as corruption, non-transparency and double-counting of credits [21]. This governance system is also heavily reliant on government entities, which also presents risks for the long-term survival of the ecosystem as governments are increasingly seen to be furthering their own interests rather than broad environmental ones [2].



As a result of this non-transparency, ecosystem participants are often uninformed of the origination and verification process of the CSU they purchased as well as the end destination of their investment. At the same time, developers are often taken advantage of by market facilitators who take a large cut of the generated CSU as compensation for their services. Additionally, market participation is not effectively monitored, with certain participants taking advantage of the ecosystem [21].



Furthermore, as a small group of entities control how CSUs are validated and verified and who can create and use them, the entire ecosystem is operated on trust. That is, ecosystem participants trust ecosystem ‘leaders’ to govern effectively and in the best interests of the ecosystem. As there is a lack of input from other participants, and the entire process is not transparent, this trust-based process creates great risks for all participants. This risk is further exacerbated by the inherently complex nature of the CSU ecosystem. It is evident that the lack of an integrated solution is at the core of this challenge. This paper sets out a decentralised ecosystem framework capable of mitigating this risk.




2.12. Lack of Value Chain Integration


The CSU ecosystem is also fragmented, with a clear lack of value chain integration [2]. For a market participant to access a CSU and be able to realise it, they must go through a complicated process, whereby they will need to access several intermediaries and pay high transaction costs [22]. As the value chain is not integrated, participants are essentially left to collect the pieces of the puzzle themselves. Further increasing the difficulty of the process and potentially creating a disincentive to participate. A lack of a holistic and integrated solution also increases inefficiencies. It raises several risks relating to the scalability of the ecosystem, a challenge that this paper finds can be successfully solved by integrating the entire CSU value chain in a single, holistic, and integrated solution.




2.13. Problem Statement and Critical Importance


Evidently, the CSU ecosystem, as the convenient avenue for corporations to reduce their CO2e footprints and go ‘green’, has witnessed sizeable growth, with demand accelerating at all levels and prices of CSU rising [5,17]. The success of the CSU ecosystem is critical to ensuring a sustainable global environmental future as CSUs present the current most pragmatic and effective solution to controlling global GHG emissions. By creating a commodity around emitting GHGE, the CSU ecosystem is poised to help ensure the world’s collective environmental future by allowing participants to ‘go green’ without any changes to their processes while incentivising the creation of CSU. However, strong arguments exist to suggest that several issues pose a risk to the long-term success and survival of this critical ecosystem [21]. These issues include a lack of transparency, an overly centralised trust-based governance system, and a lack of utility, access and incentives to participate. Ultimately, this paper puts forward that these problems will act to prevent the critically required CSU ecosystem from achieving the scale needed to meet forecasted growing demand.



It is hypothesised that at the core of these explored challenges is a lack of a holistic, ecosystem-based solution that integrates the entire CSU value chain, reduces the need for trusted intermediaries and improves access and utility around investment in CSUs. In the following sections, this paper will explore a solution that will effectively and efficiently respond to this central challenge.



The following table (Table 1) summarises and discusses papers and cross-references them against one another based on their contributions, putting our paper with its unique contributions outstanding among the referenced instances.





3. Methodology


In this section, a proposed, conceptual blockchain-enabled, decentralised and consensus-based solution that will increase the transparency, efficiency, and effectiveness of the CSU ecosystem is explored.



This holistic, ecosystem-based solution would work as a decentralised finance application built on blockchain technology, with a native Proof of Environmental Savings token (POE). The blockchain would add transparency to the ecosystem by decentralising the value chain, distributing the power to validate and verify the creation, trade, realisation, and use of CSUs and allowing all transactions and processes to be publicly visible. A POE token would operate to reward the development of CSUs on the chain by allowing CSU creators to ‘mine’ an intrinsically valued network token for every one tonne of CSU they develop. By employing the accelerating power of a decentralised blockchain, this solution would replicate the entire CSU value chain and add several unique and exciting value points centred around maximising access to the CSU ecosystem while increasing its effectiveness and efficiency through developing new incentives to participate. At its core, the network would operate to attract assets that can verifiably reduce and thereby offset carbon dioxide from the atmosphere, verify them on the blockchain via a trust minimisation approach, validate the savings through a multi-layered process and then ‘mint’ a native POE, utility centric, a tradable token for every unit of CO2 saved. Additionally, this system would also allow the tokenisation and trade of existing CSUs by providing a decentralised and transparent CSU exchange. CSU-backed tokens are at the centre of this decentralised ecosystem as participating in other ecosystem elements would require these tokens.



Before exploring this solution in-depth, this paper will define and outline the functions of the two separate tokens that will underlie the proposed ecosystem.



3.1. Consensus Token Underlying Network


The ecosystem would operate through a native consensus token used to introduce and vote on resolutions and participate in the validation process. As the supply of these tokens is limited, each would represent a fraction of the network that can never be diluted. Users would also be incentivised to buy and hold the consensus token through a staking feature, whereby holders would be allocated their share of the profits of the ecosystem, denominated in the ecosystem CSU backed token. As more tokens are staked, the reward will decrease until it reaches the base reward per token. This would thus allow participants to enjoy a yield of CSU by making a one-time investment. Users could also lend out their consensus tokens within this conceptual ecosystem and earn a profit from it. This token would underly the network and create a much-needed economic barrier to participating in decision-making and aligning the economic interests of voters (via the price performance of their consensus tokens) with the success of the network (if the network passes resolutions that are damning, voters will theoretically lose money as their consensus tokens would be worthless), thereby ensuring the legitimacy of the process (Figure 2).




3.2. Proof of Environmental Savings Native Token


While existing blockchain ecosystems exist to reward users for allocating either economic value via proof of stake (POS) or computer power via proof of work (POW), no holistic, decentralised ecosystem operates around a system to reward users for the generation of environmental value (CSUs). This section explores the workings of the proposed proof of environmental value (POE) token that will underlie the decentralised ecosystem. The following list of tasks elaborates on how the POE works (Figure 3).



There are four major modules in the proposed framework that are broken down into several submodules. These steps are illustrated in the Table 2, with detailed discussion around them coming afterwards.




3.3. Ecosystem Functionality and Interoperability with Existing CSU Value Chain


To explore this proposed system, its place within the current CSU issuance context would need to be clarified. This solution would exist outside the bounds of the conventional CSU ecosystem and trading mechanisms, either government-run or voluntary. Much like how existing decentralised finance (DeFi) solutions operate outside the mainstream banking and finance realm.



However, the system would still retain and arguably boast greater legitimacy and validity when compared with the existing ecosystem. With every CSU backing a minted token undergoing a transparent and robust verification and consensus validation mechanism, users of the network would have greater confidence knowing that their tokens are truly backed by validated CSUs, which have not only been independently and scientifically verified but also accepted by the ecosystem community as being valid. In parallel with open source and transparent verification processes, this added layer of security will ensure that the network enjoys increased legitimacy and validity compared to the conventional hyper-centralised and untransparent CSU ecosystem. Operating on the decentralised blockchain, existing CSU ecosystem participants can transition to this new ecosystem easily and quickly with minimal start-up costs.




3.4. Existing CSU Integration


While the ecosystem would mainly exist to facilitate the generation of new CSUs, the ability to implement and tokenise existing CSUs would also be present. This proposed system would integrate current CSUs and tokenise them via a decentralised treasury. Initially, a CSU regimen would be ratified and accepted via a consensus vote by the ecosystem. After this, existing CSU would be bought and integrated within the treasury, and then CSU backed tokens would be minted. All tokens would be supported by the one ton of CSU held within the treasury, as no token can be minted without integrating the CSU with the treasury. This process and the treasury holdings will be transparent, and data will be stored on the blockchain. These tokenised CSUs will be tradable and entitled to full ecosystem privileges. Additionally, the treasury will be audited at pre-set intervals by a reputable auditor chosen by the community, ensuring maximum legitimacy.




3.5. Verification and Validation of Underlying CSU


This paper will now briefly discuss proposed the consensus-based, decentralised verification and validation model, which will add transparency, trust and immutability to the ecosystem, minimising the risk of corruption and failure.



In the first phase, a trust minimisation approach to verification of carbon savings on the blockchain via the consensus token is considered. The asset is sent to a community chosen, independent and accredited third party for verification of carbon savings under a community validated protocol. This third party will be chosen by the ecosystem community via the consensus token, ensuring that only an entity that has attained the approval of the majority of the ecosystem is granted the ability to verify CSUs that underly the minting of tokens. This added layer of security ensures that the community is actively involved in the minting process and maximises transparency. As the system operates on the blockchain, all records and votes are gathered and portrayed in a trust-less manner (Figure 4).



All reports generated and processes used by this entity will be open source, ensuring that the public can continuously monitor and add to the process, thereby maximising transparency. Underlying this part of the verification process is the use of a blockchain-based consensus participation protocol.



The second phase conducts consensus validity via the consensus token on the decentralised blockchain (Figure 5).



At the second stage of the minting process, the ecosystem community, whose economic interests are aligned with the long-term success and legitimacy of the network, votes on a resolution to integrate the asset into the network and allow its minting rights up to its assessed and accepted CSU generation cap.



As all documents and protocols underlying the assets CSU savings are open source and transparent, voters have the ability to view generated reports and decide for themselves whether the asset should become a part of the backbone of the network. This openness of information ensures that the vote is not only aligned to the economic interests of users but is also an informed one. Over time, as more and more people can access this data, verification protocols will be more transparent and effective. Being open-source, protocols can develop more quickly and efficiently in a manner that is widely accepted and recognised as changes will require a democratic vote. If the majority approves the asset of the community (50.01%+), the project is incorporated within the network and is allowed minting rights up to its CSU generation cap.



Incorporating a democratic and consensus-based validation process will ensure that all tokens are legitimised by the community and maximise economic involvement by minimising trust and increasing transparency.




3.6. Blockchain-Based CSU Exchange


Existing methods of exchanging already created CSUs are riddled with high transaction costs, a need for numerous intermediaries, and significant transparency issues. These challenges have ultimately led to the creation of ineffective and inefficient exchange facilitators. There is a substantial gap in providing a holistic, decentralised and trustless exchange for the transaction and realisation of all pre-existing CSUs. This paper proposes that a blockchain-based exchange that incorporates all major CSUs, from originators validated by the ecosystem via the consensus protocol, will efficiently and effectively solve the present challenges. This proposed exchange will operate within the already discussed ecosystem and would exist to allow the trade of pre-existing CSUs. As this works on the blockchain, an open ledger would portray all exchange data transparently, ensuring the avoidance of double counting of credits and the transparent sharing of CSU ownership data. Market operators can elect to integrate their existing CSU with the blockchain and list their credits for sale. Similarly, credit owners can elect to integrate them on-chain and then list them for sale to global participants. This ecosystem element will allow individuals to gain exposure to already existing CSUs in a more efficient and seamless way, removing the need for numerous intermediaries and helping maximise overall access to CSUs.




3.7. Utilities Supporting the Core CSU Backed Token Ecosystem


This paper will explore the new ecosystem-based utility points underlying the proposed decentralised CSU ecosystem. These new elements will help solve the previously mentioned lack of incentives and utility around becoming an ecosystem participant. In this subsection of the paper, several extra benefits of the proposed ecosystem are discussed, which are realised due to the proposed blockchain empowered CSU ecosystem.




3.8. EnviroVendors


At the heart of the utility argument underlying the proposed proof of carbon, savings is the ability to spend tokens for goods and services. The logic underlying this concept is two-pronged. Firstly, spending utility is a prime factor underlying the acceptance and long-term value appreciation of several commodity-based assets such as gold and silver. Secondly, the ability to accept CSU tokens in exchange for value creates a new way for firms to become environmentally sustainable.



	
Currently, CSU can only provide two utility points; value appreciation and offset realisation. These two limited utility points have segregated and minimised the overall economic value directed to CSU, creating a significant gap in the market. The decentralised network proposes a ‘green marketplace’, whereby users can transact for goods and services directly in CSU backed tokens. This part of the network would act to incentivise a growing number of individuals to accept CSU backed tokens while creating meaningful (spending feature) co-incentives to buy one. Ultimately, helping raise the demand for CSUs and allowing entities to become ecosystem participants without purchasing a CSU themselves.



	
Underpinning the economic validity of this utility point is that, as CSUs become more and more mainstream, market participants would be willing to accept them as a means of exchange, much like how current cryptocurrencies such as Bitcoin are accepted by corporations for goods and services. If this hypothesis becomes proven, demand for this new utility point will be immense.



	
Corporations are now more than ever ready to buy CSUs, and this is likely to increase in the coming decades. So, why are they not willing to accept them as a means of “currency” to transfer economic value? This paper puts forward that they are and that the primary issue here is a lack of product. As such, a proposed green marketplace underpinned by CSU backed tokens for exchange would act to create ‘green market participants’ who will become net reducers of GHGE without any change to their value chain by simply electing to accept CSUs for their goods and services. As an arguably more efficient option when compared to purchasing CSU, the green market would allow corporations to become positive corporate environmental citizens with minimal effort. Increasing economic involvement within the CSU value chain and helping it become a mainstream asset.






Additionally, these participants would be assured knowing that they are accepting a token with intrinsic value, which, unlike other mainstream trade facilitators, is fully backed by a valuable commodity.




3.9. EnviroRewards


The primary consideration for the above utility points is allowing economic participation in CSUs without any structural change to existing processes while also adding increased incentives to buy CSUs.



The third ecosystem utility point is EnviroRewards, which rewards individuals and corporations with native CSU backed tokens for making a variety of ‘environmentally conscious’ decisions. These decisions would be limited to items which can be independently verified and validated on the blockchain. They can include a small market participant choosing to purchase from a corporation that has made an environmental pledge to offset all of their emissions, a multi-national corporation making an enforceable pledge on the blockchain to offset all emissions within a financial year or even a participant purchasing a no-carbon good/service. All decisions will be verified on-chain and validated via the consensus mechanism, ensuring the legitimacy of rewarded CSU.



Moreover, corporations can integrate their existing rewards and loyalty offerings with EnviroRewards. Instead of rewarding purchasers with cash or credit to use within the business, they are rewarded with CSU backed tokens. In doing so, the corporation would enjoy a split of the CSU with the rewarded party as well as indirectly supporting the generation of CSU.



This ecosystem element would incentivise all market participants to start making verifiable carbon savings by allowing them to mint value backed tokens which are verified and validated democratically on-chain.





4. Meta-Analysis of the Benefits of EnviroCoin


A decentralised CSU ecosystem backed by a native POE token would provide an array of benefits and efficiencies when compared to the existing CSU ecosystem.



4.1. Holistic and Integrated Value Chain


This proposed methodology integrates the entire CSU value chain, starting from origination and ending in the utilisation of a CSU. This holistic nature will allow us to improve the efficiency and effectiveness of the ecosystem while minimising intermediary trust risk.




4.2. Development of Meaningful Incentives to Participate within the Ecosystem


As discussed, a critical challenge facing existing the CSU ecosystem is the lack of incentives and relative difficulty associated with participation. A total absence of incentives echoed the relative weakness of carbon prices up until recently, where a trifecta of social, regulatory and stakeholder-based pressure has led to corporations desiring to participate, naturally raising CSU prices. However, the incentive issue persists and is most severe for small to medium ecosystem participants. A POE token would alleviate these challenges by providing economic and ecosystem-based incentives to participate in CSU generation and trade.




4.3. Generators


The system would provide economic incentives to generate CSUs by allowing generators to mint a valuable token on the chain for every CSU they create and validate through the ecosystem. Furthermore, this system will allow smaller projects that are unable to go through the arduous processes of the current CSU ecosystem to generate valuable and verified tokens to sell.




4.4. Purchasers


The ability to gain exposure to a CSU on the chain with minimal transaction fees and difficulties, in addition to the development of an array of network-based utility points behind the CSU, will incentivise new market participants.




4.5. Access, Efficiency and Cost Minimisation


The decentralised ecosystem would allow for the creation, validation and sale of CSUs in an efficient way with minimal need for expertise and transaction costs. As the entire ecosystem operates on the blockchain, many intermediaries are removed, and the process is structured for scale in a trust-minimised decentralised manner [22]. Furthermore, various business processes would be automated via the use of smart contracts [31], which would improve the efficiency of the value chain by lowering process costs. However, the ecosystem would still retain legitimacy by employing a multi-layered verification and validation of CSUs that back the POE tokens. The need for immediate human labour is reduced through utilising smart contracts, which automatically perform required actions when a pre-specified condition is met [24].



Furthermore, access is also improved. Anyone can become an ecosystem participant with minimal start-up costs and difficulty, all without disrupting ongoing processes or needing time and resource-intensive user validation mechanisms that are often ineffective anyway [3]. As a holistic solution, the entire value chain is integrated into a single solution with minimal intermediaries, meaning that the efficiency and effectiveness of the ecosystem are optimised, and process costs are significantly reduced to ensure maximum scalability.




4.6. Transparency and Governance


By operating on the decentralised blockchain, the ecosystem will enjoy greater transparency of data and processes in a secure way with no need to trust a single central authority [25]. A transparent and open ledger will improve the integrity, efficiency and effectiveness of the CSU ecosystem at a macro level. As data is validated and held in a decentralised way, the risk of corruption and single-point failure is substantially reduced as no single entity can engage in corrupt behaviour without requiring the validation of other participants. By removing the need to trust existing central authorities to govern and distributing governance to participants whose immediate economic interests are aligned with the success and legitimacy of the ecosystem, better governance and reduced corruption within the current CSU ecosystem will be ensured [2].



Open source and transparently stored and utilised verification and validation protocols underlying minted POE tokens will ensure that assets are verified in collaboration with the community while reducing the risk of fraudulently developed CSUs. As processes become more open, increased information and know-how sharing will allow us to attain a better understanding of the CSU ecosystem.




4.7. Security


By operating on the blockchain, data is cryptographically secured, meaning that changes to one block of data will need the approval of others, thereby minimising security risks associated with the ecosystem [26]. Users are also protected through the trust-less public/private key mechanism, which will minimise fraudulent use of personal data and funds by unauthorised parties.




4.8. Helping Reach Climate Goals by Increasing Participation within the CSU Ecosystem


A decentralised, transparent, and consensus validated CSU ecosystem focused on creating incentives will increase overall participation in the CSU ecosystem and improve market confidence [27]. By increasing participation in the CSU value chain, the ecosystem will help incentivise the development of new CSUs and increase the number of CSUs purchased, directly helping respond to climate change. An increase in participation will also theoretically increase the price of CSUs, making new sequestration and carbon saving technologies economically viable and incentivising investment in CSU generating assets which are often neglected. Ultimately, the proposed ecosystem would have no trade-off between environmental goals and economic ones. Rather, it would align the two by creating a more efficient and effective process that will help us reach global climate goals faster.




4.9. Reliability and Confidence


The blockchain structure contains a transparent, robust and auditable registry of all transactions and processes underlying the ecosystem in an immutable way, increasing the reliability of the ecosystem [28]. Ecosystem participants are involved throughout the progression of the value chain, with everything operating transparently. These characteristics, in conjunction with the unique benefits that a decentralised blockchain can offer ecosystem participants, will increase overall confidence in the value chain, helping maximise participation.





5. Expansion to Methodology


5.1. CSU Asset Securitisation, Crowdfunding and Management on the Blockchain


This paper will now discuss and explore the viability of CSUs asset securitisation, trade and management on a decentralised blockchain as part of the CSUs ecosystem. This ecosystem element would allow all market participants to gain economic exposure to assets that will produce a ‘carbon-saving yield’ denominated in the network’s native CSUs backed token without the need for high transaction costs or know-how.



Currently, economic involvement in assets that produce carbon saving units is extremely limited. This hyper centralised reality presents incredible risks to the global environmental and economic future. If this hypothesis is correct and CSUs become mainstream in less than ten years, owners of these assets will wield incredible power and become incredibly wealthy as they will be the only ones having the license to create this complex and sought-after commodity. This potential challenge is exacerbated by the complex nature of the CSU ecosystem.



This paper puts forward that a decentralised and democratic solution to governing and regulating the production and supply of CSUs makes the most sense. Allowing all market participants to own assets that can produce CSUs will incentivise new supply generation and ensure that market participants can generate a stable yield of CSUs rather than having to buy them, which may be more attractive for certain investors. By democratising control of these assets, the ecosystem can ensure that supply is not controlled by central market leaders, thereby helping minimise supply and market control risks.



At the centre of this element is the proposed ecosystem’s power to verify and validate the existence of a CSU. By decentralising this and creating a consensus-based mechanism to validate, the ecosystem will develop a decentralised and holistic solution for the onboarding, securitisation and management of CSU yield generating assets. The ecosystem allows almost anyone to securely and verifiably own a piece of an asset that can mint CSU backed tokens that are validated and verified without the need for numerous facilitators while simultaneously enabling asset owners to monetise their assets’ CSU generation potential immediately rather than needing to wait for them to realise. The proposed ecosystem element would operate as illustrated below.




5.2. CSU Asset Introduction to Network


At this stage, the asset would be introduced to the network by any consensus token holder and offered for sale or securitisation. The asset would be validated against community developed and approved verification protocols underpinned by the proof of environmental savings yield dispersion valuation model. This means that the asset would be valued (at fair value) against its ability to generate an environmental yield over a period of time adjusted for risks. It is interesting to note that the asset holder would not be selling the intrinsic asset itself, merely the newly securitised carbon saving generation ability of the asset.



This innovative process would allow participants to own a share of assets that can generate a CSU yield over time while simultaneously allowing asset owners to monetise their assets immediately rather than needing to wait for CSU to be generated and sold.




5.3. Verification and Validation of the Asset


The asset would then undergo verification of generated carbon savings potential and consensus validation on the blockchain. This process is identical to the one employed to mint CSU backed native tokens. However, consensus voters are now voting on legitimising the asset’s ability to mint CSU backed tokens. By involving the community at every step, the ecosystem will ensure that the future of CSU producing assets is decentralised and democratic.



The asset owner would incur the cost of this process and would pay a network fee for consensus validation by market participants, who validate the asset by voting on its adoption. All generated reports and underlying protocols are open sources and transparent, meaning that the network is constantly legitimised.




5.4. CSU Asset Securitisation, Sale and Yield


The asset would, upon passing the verification and consensus validation process, be securitised into 100,000 tokens, each allocated a fair value. Each token, representative of ownership in the asset, would carry a CSU yield while being tradable and vulnerable to market forces. Now, all participants can become economic stakeholders of the asset and enjoy the CSU yield denominated in the ecosystem native token. The asset owner can monetise their asset’s CSU potential immediately rather than waiting for CSU to realise. The CSU yield would be dispersed to asset owners via newly minted native CSU backed tokens on the chain at various intervals. The yield value would also be susceptible to fluctuations in the price of a CSU.



At the end of this process, a CSU generating asset will be verified by a credited and community chosen independent verifier for proof of carbon savings and ownership, be validated by the community through a consensus vote and then securitised and made economically accessible for the entire community.




5.5. Benefits of This Methodology


5.5.1. Increasing Access to CSU Generating Assets Prior to Generation


Currently, most ecosystem participants possess little to no economic exposure to CSU generating assets, with the majority of participants being direct consumers of CSUs. The discussed solution will increase access to CSU generating assets for all ecosystem participants, ensuring that participants can become producers of CSU rather than consumers. Furthermore, a stable CSU yield immune to CSU price volatility risks on the supply side will be favourable for many participants who need CSUs regularly as part of their environmental goals. Additionally, investing in an asset before CSU generation will allow participants to attain the end CSU at a lower price to counteract the immediate investment requirement.




5.5.2. Incentivising Investment in Long Term CSU Generating Assets


The carbon saving ecosystem has two aims, to reduce emissions and stimulate the adoption and investment of carbon saving technology and assets [29]. The decentralised, blockchain-enabled process allows all ecosystem participants to securely become economic stakeholders of CSU generating assets prior to them generating a CSU yield with minimal transactional costs, which will help achieve the second goal effectively. In doing so, new CSU generating assets will be more effectively and efficiently developed, helping the world reach its global climate targets faster and more efficiently.




5.5.3. Creating a Circular Value Chain and Reducing Supply-Side Risk


Democratising and improving access to CSU generating assets will reduce supply-side risks. This will, in turn, ensure that the value chain is circular in that economic participation is possible throughout the entire chain. This means that participants can produce, contribute to the validation of CSU and trade and utilise CSU all within one solution. This will ensure that no part of the ecosystem is centralised or controlled and will further improve the efficacy of the ecosystem.






6. Conclusions


In conclusion, the CSU ecosystem, as a pragmatic solution to climate change, allows entities and individuals to offset GHGE on a micro and macro level without the need to change business processes. By allowing entities to become environmentally sustainable without the need for amendments to value chains, this ecosystem has witnessed strong growth in recent years. The ecosystem is dichotomous with the existence of a cap-and-trade sub-ecosystem created as a result of governmental regulation following international agreements such as the Kyoto Protocol and a voluntary sub-ecosystem which mostly caters to large corporations that stakeholders pressure to increase environmental sustainability. However, while demand for CSUs as the end product of the ecosystem continues to grow, the CSU value chain is riddled with challenges and inefficiencies largely as a result of its overly centralised structure, whereby a select group of participants control supply, validation and market-making elements. Ecosystem challenges primarily revolve around high participation costs as a result of the existence of numerous value chain intermediaries, a need for technical know-how to participate and a lack of incentives and utility in participation. These challenges have led to an inefficient and ineffective CSU ecosystem, with limited economic involvement from small size participants. This paper hypothesised that the genesis of these challenges Is the absence of a holistic solution that integrates the entire CSU value chain and is designed to attract and retain a wider variety of participants. To respond to this hypothesis, a blockchain-enabled, decentralised ecosystem-based solution that will effectively respond to these challenges is proposed. In the elaboration of the proposed solution, the operation of proof of environmental value and consensus token, which facilitate the functioning of the value chain, is illustrated. This paper outlined the holistic nature of the decentralised solution by illustrating the integration of the entire CSU value chain. This integrated nature, coupled with the wide variety of value-adds, allows the proposed solution to ultimately improve the efficiency and effectiveness of the CSU ecosystem, leading to increased participation throughout the value chain. This paper further analysed the key benefits associated with the solution. At its core, by incorporating decentralised blockchain technology, the decentralised ecosystem solves many of the existing challenges revolving around governance, transparency and security. Furthermore, the integrated value chain invites greater confidence within the ecosystem by minimising the need for trusted intermediaries. This paper further expanded on the proposed solution and explored ancillary ecosystem elements centred around environmental finance and asset crowdfunding. This paper investigated and assessed the benefits of these elements by illustrating new value chains. While this study was limited in setting out the practicality of the proposed ecosystem as well as technical innovation and development that needs to occur prior to this solution becoming a reality, this paper concluded that an integrated, holistic, and decentralised blockchain-enabled solution could drastically enhance the effectiveness and efficiency of the CSU ecosystem. This is done through enhancing governance, security, incentives to participate and overall CSU utility.



Future research directions will be focused on translating this conceptual ecosystem into a practical framework which can be viewed, used and implemented by other researchers and ecosystem participants. Additional further research will also be focused on the operation and development of new smart contracts that can facilitate the needs of this ecosystem. Future researchers can utilise this novel ecosystem to develop new ways to accelerate the participation of all players within the CSU ecosystem through designing and implementing unique, ancillary value adds.



Further, the authors are in the process of developing the proposed unified blockchain empowered CSU management ecosystem. An analytical analysis of the performance of the platform is hence deferred to a later research article in which the market uptake of the ecosystem will be discussed. Nonetheless, researchers are envisioned to adopt and develop a similar decentralised platform to facilitate the process of quantifying the harms of unsustainable development strategies to society and to the next generations. Experts in emerging technologies such as electric vehicles, public health experts and medical scientists are at the forefront of talents who might adopt a similar approach to translate the true cost of unsustainable development technologies into tangible concepts. This paper’s proposed ecosystem translates the consequences of unsustainable development into a global monetary unit.



One major limitation of this work is the qualitative nature of the work, which was required to provide a visionary perspective of what the literature needs moving toward a paradigm shift in quantifying the consequences of not monetising GHG contributions to the environment. Therefore, quantitative studies are required moving forward to develop the mathematical structure of the ecosystem and to formulate and simulate the shortcomings and advantages of the proposed system while it gets adopted by others in practice. Such efforts have already started on similar ecosystems while more are expected to come [24].
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Figure 1. Carbon Saving Ecosystem value chain visualised. 
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Figure 2. Operation and functionality of the consensus token. 
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Figure 3. Operation and functionality of the proof of environmental value token. 
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Figure 4. Trust minimised on-chain verification of carbon savings. 






Figure 4. Trust minimised on-chain verification of carbon savings.



[image: Sustainability 14 06979 g004]







[image: Sustainability 14 06979 g005 550] 





Figure 5. Consensus validation of carbon savings on-chain. 
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Table 1. A summary of papers reviewed and cross-checking their contributions to the relevant literature.
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Exploration Areas




	
First Author

	
Country (Year)

	
Carbon Emissions Trading & Challenges Explored

	
Exploration and Discussion of Blockchain Technology

	
Exploration of Application of Blockchain Technology to the Carbon Credit Ecosystem

	
Ecosystem-Based Solution

	
Other Technology-Based Solutions to Issues Present within the Carbon Credit Ecosystem Proposed and Discussed

	
Jurisdiction of Discussion Limited to One Nation/Region

	
Policy Solutions Proposed

	
Exploration of CSU Asset Financing via a Decentralised Blockchain Model

	
Blockchain-Based CSU Exchange Proposed and Explored

	
New BC for Incentivising Carbon Offsets Generation Proposed

	
Benefits of Achieving Environmental Sustainability via Carbon Credits or Other Means at the Consumer and Corporate Level

	
Exploration of Environmentally Positive Financial Instruments Than Carbon Credits






	
L. Liu [4]

	
China (2015)

	
X

	

	

	

	
X

	
X

	
X

	

	

	

	
X

	




	
J. Abrell [6]

	
GER (2009)

	
X

	

	

	

	
X

	
X

	
X

	

	

	

	
X

	




	
Al Sadawi [2]

	
UAE (2021)

	
X

	
X

	
X

	

	
X

	

	

	

	

	

	
X

	




	
B Lin [9]

	
USA (2015)

	

	

	

	

	

	

	

	

	

	

	
X

	




	
S. Saraji [20]

	
USA (2021)

	
X

	
X

	
X

	
X

	
X

	

	

	

	

	

	
X

	




	
J. King [22]

	
UK (2018)

	
X

	
X

	
X

	

	
X

	

	

	

	

	

	
X

	




	
K. Skene [21]

	
USA (2017)

	
x

	

	

	

	

	

	

	

	

	

	
X

	




	
M. Swan [23]

	
USA (2015)

	

	
X

	

	

	

	

	

	

	

	

	

	




	
M. Crosby [24]

	
USA (2016)

	

	
X

	

	

	

	

	

	

	

	

	

	




	
G. Greenspan [3]

	
USA (2015)

	

	
X

	

	

	

	

	

	

	

	

	

	




	
S. Nakamoto [25]

	
USA (2008)

	

	
X

	

	

	

	

	

	

	

	

	

	




	
X. Liang [26]

	
China (2019)

	
X

	
X

	
X

	

	

	

	

	

	

	

	
X

	




	
L. Pigeolet [27]

	
BRZ (2019)

	
X

	

	

	

	
X

	

	
X

	

	

	

	
X

	




	
F. Casino [28]

	
USA (2019)

	

	
X

	
X

	

	

	

	

	

	

	

	

	




	
K. Khaqqi [29]

	
SING (2018)

	
X

	
X

	
X

	

	

	

	

	

	

	

	
X

	




	
S. Zhao [30]

	
UK (2019)

	

	
X

	

	

	

	

	

	

	

	

	

	




	
O. Sabbaghi [11]

	
USA (2013)

	

	

	

	

	

	

	

	

	

	

	

	
X




	
L. Eyraud [13]

	
– (2013)

	

	

	

	

	

	

	

	

	

	

	

	
X




	
B. Zhang [8]

	
– (2013)

	
X

	

	

	

	

	

	
X

	

	

	

	
X

	




	
PWC [12]

	
USA (2021)

	

	

	

	

	

	

	

	

	

	

	
X

	
X




	
SPG Global [17]

	
USA (2021)

	
X

	

	

	

	

	

	

	

	

	

	
X

	




	
Argus Media [19]

	
– (2021)

	
X

	

	

	

	
X

	

	
X

	

	

	

	
X

	




	
McKinsey [18]

	
USA (2021)

	
X

	

	

	

	
X

	

	
X

	

	

	

	
X

	




	
X. Meegan [31]

	
USA (2010)

	

	
X

	

	

	

	

	

	

	

	

	

	




	
This paper

	
AUS (2022)

	
X

	
X

	
X

	
X

	
X

	

	

	
X

	
X

	
X

	
X

	
X
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Table 2. The breakdown of modules forming the structure of EnviroCoin.
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Major Modules




	
Identification and introduction of the asset

	
Verification of carbon savings

	
Consensus validation

	
Minting tokens




	
Sub-modules




	
Initially, an asset would be introduced to the network and be attached to a unique identification code on the blockchain. The asset owners would have answered a series of questions which would act as a preliminary pre-assessment of eligibility.

	
The asset would then be verified by a democratically chosen accredited independent third party for generated CO2 equivalent savings

	
After the asset has been verified to be able to produce X (project dependent) amount of CSU per year, network participants would vote on whether the asset should be allowed to mint tokens via a consensus vote.

	
If the asset is successfully verified and it passes the required 51% consensus threshold, it would then mint tokens up to its generated minting cap, the amount of carbon it is saving.




	
The asset owners would need a pre-determined amount of consensus tokens to start this process.

	
The network would choose what entity performs this role through a bi-annual consensus vote requiring consensus tokens, ensuring that the process is democratic.

	
Participants would need to possess consensus tokens to engage in voting.

	
The asset owner may then decide to sell the tokens or retain them.




	

	
All generated reports and protocols underlying the verification are open source and available for viewing by anyone adding an extra level of legitimacy and inclusiveness.

	
Staked consensus tokens are also entitled to vote.

	
As the network operates on the blockchain, data regarding minting, ownership and trade of tokens are always transparently available for viewing by anyone.




	

	
The asset owner would pay a network set fee for this independent verification.

	
The consensus vote legitimises all CSUs and ensures that the network is democratic and decentralised by removing the need for a single central authenticator.

	




	

	
This fee would also cover the fees needed for the consensus validation.

	

	




	

	
The need for multiple intermediaries and costs is effectively removed, with everything happening on the chain transparently via smart contracts.

	

	




	

	
Pre-approved assets that have been verified under network accepted protocols can also be onboarded
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