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Infrastructure is critical to enable society to function and economies to thrive, but 

there is an increasing mismatch between the need for infrastructure investments and 

available capital.  This is a consequence of constraints on public resources and limited 

capacity to leverage private sector co-financing under the current system. Spurred by 

the urgent need to close the infrastructure gap and the availability of emerging 

technologies such as blockchain, this research investigates the potential for blockchain-

enabled tokenization in infrastructure investment and development. This research is 

built upon the extensive literature on infrastructure financing and tokenization. A single 

case study was performed to analyze the process of the tokenization of private equity 

(security) of a start-up energy company in the U.S. Through the multiple case study 

analysis, twenty-one tokenization projects in the energy sector were analyzed to 

investigate the diversity of tokenization of infrastructure arrangements (payment, utility, 

and security). A Delphi-based scenario analysis was applied to gather long-term 

forecasts and assessments of a research panel consisting of experts in blockchain 

tokenization and infrastructure development on how tokenization would influence the 
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future of infrastructure finance and to identify future scenarios of potential applications in 

this field. Three groups of scenarios were created based on quantitative (the probability 

of occurrence and impact of occurrence rated by the research panel) and qualitative 

analysis (verbal inputs), which offer thought-provoking and holistic insights of 

tokenization’s future in infrastructure. Building on desk research, case studies, and the 

Delphi analysis, a conceptual framework for the tokenization of infrastructure was 

developed and validated. The framework addresses how various blockchain structures 

(permissioned and permissionless), consensus protocols, finance, level of 

centralization, construction phases (greenfield and brownfield), and exchange methods 

could affect the potential application of tokenization models in different infrastructure 

projects. The impacts were analyzed from the perspective of regulation, technology, 

society, economy, and environment. Major stakeholders were discussed and 

summarized. The process of tokenization in infrastructure was illustrated. This research 

contributes to the transfer of general technical-driven blockchain-enabled tokenization 

knowledge to infrastructure-specific tokenization knowledge and to the emerging field of 

technology-enabled financing models.   
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CHAPTER 1 
INTRODUCTION 

1.1 Background 

Infrastructure is essential for social development and economic expansion. From 

power generation facilities to transport systems and water networks, infrastructure 

provides foundational services which enable society to function and economies to 

thrive. Infrastructure plays a vital role in strengthening inclusiveness and sustainability 

(Gupta and Vegelin, 2016). A study by the European Bank for Reconstruction and 

Development (EBRD) reveals that every dollar invested in infrastructure has a 60-cent 

return on investment in the short- and long-term productivity of an economy (EBRD, 

2017). Research conducted by the World Bank and United Nations (UN) indicates the 

importance of infrastructure to catalyze social change and development (World Bank, 

2019; UN, 2015). Investment in infrastructure is one of the main drivers of generating      

long-term growth and stimulating economies out of recession after a systemic crisis 

such as the COVID-19 pandemic, and contributes to the United Nations Sustainable 

Development Goals (SDGs) (Thacker et al., 2019). Despite the fact that infrastructure is 

at the nexus of economic and social prosperity, there is an increasing mismatch 

between the needs for more infrastructure and available sources of financing globally, 

which is accelerating socio-economic disparities. According to the World Economic 

Forum’s forecast, the world is facing a $15 trillion infrastructure gap by 2040 (Davisson 

and Losavio, 2020). The World Bank estimated that developing countries needed to 

triple the current annual spending on infrastructure over the next decade (Mapila et al., 

2017). The demand for investment in infrastructure will only increase with time. 
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Infrastructure as an asset class is unique and heterogeneous in nature. Given its 

attributes (e.g., complexity, lengthy construction and operating life, and large scale), 

infrastructure has been categorized as a special asset class that requires dedicated 

financial resources (Annez, 2006). Although many infrastructure assets (e.g., energy 

utilities, telecommunication) are in private hands or operated by private companies, the 

most critical infrastructure financing challenges faced today are related to assets in the 

public domain (e.g., roads, bridges, public transit, water/wastewater treatment, airports, 

harbors, educational facilities) where the public sector owns and operates the assets 

(Inderst, 2010). Public sector financing has traditionally relied on tax-based grants, 

subsidies, and concessionary loans, all of which are subject to public budget constraints 

and political uncertainty, which make them uncertain and unreliable in the long run (Kim, 

2016). Private sector financing is mainly through corporate balance-sheet finance (full 

recourse of project costs against corporate cash flows) or stand-alone infrastructure 

project finance (secured against the cash flows of the project company). Project 

developers issue equity and debt to raise funds for the project. 

Since the advent of cryptocurrencies in 2009, the applications for blockchain, a 

combination of distributed ledger technology (DLT) with encryption technologies, have 

soared (Nakamoto, 2008; Sunyaev, 2020). Blockchain-based systems are designed to 

maintain and transact tamper-proof and permanent records of data. With the 

advancements in the blockchain, an immutable, decentralized, and trusted system can 

be built, bringing improved security and transparency (Swan, 2017). Over the last 

decade, blockchain has evolved from a promising concept to a technology with 

applications ranging from corporate supply chain management to decentralized financial 
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markets, billed for the present and future. Blockchain has been causing major shifts in 

various industries and are resulting in the development of new business and financing 

models for infrastructure (Morkunas et al., 2019; Woo et al., 2021; Tian et al., 2021a).  

Building on the blockchain, tokenization enables the transition of assets with 

values in conventional forms or access rights into cryptographic tokens (Morrow & 

Zarrebini, 2019; Khan et al., 2020). The transition has been argued to improve 

efficiencies by orders of magnitude (e.g., cost of finance, transparency, liquidity). 

Tokenization has been applied in many sectors, such as art, commodity, and real 

estate. By implementing tokenization, project developers and investors may benefit from 

improved transparency, efficiency, liquidity, and sustainability over the long term. The 

potential applications of tokenization in infrastructure finance were firstly investigated by 

Uzsoki (2019) and Tian et al. (2020a). There have been some use cases of tokenization 

in the energy sector (Tian et al., 2022a). Even though the application of tokenization in 

infrastructure development is scarce at present, it has shown great potential to serve as 

an alternative financing vehicle to supplement the current infrastructure development 

and finance system to bridge the gap. It is essential to explore the feasibility of applying 

tokenization in infrastructure and evaluate its implications for adoption. 
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1.2 Problem Statement 

Under current public sector financing models for infrastructure, municipal bonds, 

direct grants, subsidies, and concessionary loans are subject to political influences and 

budgetary constraints. These challenges are exacerbated by the effects of Covid 

pandemic spending, its inflationary results, and tighter financial regulations (e.g., Basel 

III) that have limited the availability and access to traditional public capital sources to 

fund infrastructure (Estache, 2010; Esty, 2014; Humphreys et al., 2018). Private sector 

financing in infrastructure is typically through debt (loans and bonds) and direct (equity) 

investments. The current private participation in infrastructure is limited due to 

mismatches between risk-return profiles of projects and expectations of available capital 

(Fay et al., 2018). Only about one percent of institutional investor assets are allocated to 

direct placements in infrastructure globally (Inderst, 2013), using a wide range of 

financing instruments. The foremost impediment to greater private investment in 

infrastructure is not the lack of available financing (Ehlers, 2014). The problem is rather 

how to match the abundant supply of private capital with the demand-side revenue 

streams for infrastructure financing. The current financing models for infrastructure limit 

the investments to a narrow set of institutional investors such as pension funds and 

insurance companies, leaving a significant amount of private capital from small 

investors, such as individuals and small and medium-sized enterprises (SMEs), with no 

opportunity to get involved. While there has been extensive literature exploring the 

engagement of institutional investors in infrastructure financing, the potential for retail 

investors has yet to be explored. 
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Owing to opacity (Kurtzman et al., 2004), high transaction costs (De Schepper et 

al., 2015), illiquidity (Inderst, 2009; Merna and Njiru, 2002), and low secondary market 

activity (Pethe and Ghodke, 2002; Della Croce and Gatti, 2014), conventional 

infrastructure financing instruments struggle to achieve a seamless collaboration 

between investors and financing issuers (Kim, 2016). The current debt-dominated 

infrastructure financing system is still limited in integrating its environmental, social, and 

governance (ESG) considerations or providing incentives to promote SDGs (Goodman 

and Hastak, 2006; Jonsdottir et al., 2021). The COVID-19 pandemic and its financial 

ramifications in an inflationary environment has made an already difficult situation more 

challenging. Therefore, pioneering thinking and innovative financing approaches and 

business models will be required to not only address public sector funding limitations 

and mobilization of private financial resources but, more importantly, to bridge the 

widening infrastructure gap and realize inclusive and sustainable growth to positively 

impact society, the economy, and the environment. 

Tokenization has shown great potential to overcome current constraints in public 

and private sector financing. Although blockchain is a promising and potentially 

disruptive technology, it is neither mature enough, nor suitable to solve all types of 

issues (Lu, 2018; Karafiloski and Mishev, 2017). Uncertainties, such as the lack of 

standardization and regulatory uncertainties, stand in the way and could potentially limit, 

or even stall, the growth of the technology and its applications. Regulatory (Yeoh, 

2017), technological (Kiviat, 2015), and implementation risks (Koteska et al., 2017) 

should be examined thoroughly to facilitate the broader adoption of the technology and 

to identify the right use cases for the technology. At present, the information on 
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tokenized financing is rather scattered, which makes it difficult to understand for 

scholars, practitioners, and policymakers. It is important to summarize and organize the 

relevant information on tokenization systematically to facilitate its broader application.  

The potential integration of tokenization into infrastructure development has been 

raising public awareness and is being discussed in white papers, blogs, and podcasts 

(Tian et al., 2020c). However, there is a lack of both theoretical and practical knowledge 

and thorough analysis of what is needed to take advantage of tokenization in financing 

infrastructure projects. Tokenization was initially explored in energy infrastructure 

projects in the private sector. Even though a few exploratory use cases exist that have 

demonstrated the feasibility of infrastructure tokenization in certain types of projects, 

tokenization of public infrastructure has not been well explored and defined by either 

scholars or practitioners. In light of the technology’s apparent gap regarding future 

development and a high degree of uncertainty, especially in terms of the political, 

economic, social, and technological aspects of blockchain tokenization for infrastructure 

investment and development, it becomes essential not to follow the current hype and 

act quickly without carefully examining and evaluating. It is vital to understand the 

capabilities and limitations of the technology and its appropriate applications in 

infrastructure investment and development. 
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1.3 Research Questions and Objectives 

This research serves to aid the understanding of the tokenization of infrastructure 

and to forecast its potential applications in infrastructure investment and development to 

motivate scholars and practitioners to improve infrastructure financing efficiencies by 

applying tokenization-based financing models.   

The research questions of this dissertation are:  

● How has tokenization been applied in the infrastructure sector? 

● What are the application scenarios of the tokenization of infrastructure? 

To answer the main research question, the research objectives of this 

dissertation are: 

● Assess the existing infrastructure financing models. 

● Define the tokenization of infrastructure and analyze the state-of-the-art 

development. 

● Investigate how tokenization has been explored in existing infrastructure projects. 

● Develop scenarios of the potential applications of tokenization in infrastructure. 

● Develop a framework for the tokenization of infrastructure to indicate how various 

tokenization models can be applied in various infrastructure projects. 

This dissertation builds upon the extensive literature on infrastructure financing 

and tokenization. A case study analysis and Delphi scenario planning were designed 

and applied to build a conceptual framework for the tokenization of infrastructure. 

Chapter 2 first builds a systematic literature review on key topics enabling the 

tokenization of infrastructure. Research methods are explained in Chapter 3. One of the 

first uses cases for the tokenization of infrastructure, the ZiyenCoin case study, is 
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analyzed in Chapter 4. Chapter 5 is the comparative case study analysis. The Delphi 

scenario analysis which explores the reflections of the technology and infrastructure 

industry is described in Chapter 6. The conceptual framework of the tokenization of 

infrastructure is proposed in Chapter 7. Finally, Chapter 8 reflects the overall 

conclusions and future recommendations for this line of study and its implications. 

Appendix A is the qualitative analysis results of the Delphi scenario analysis. 
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CHAPTER 2 
LITERATURE REVIEW 

2.1 Infrastructure Finance 

Infrastructure broadly encompasses many sectors. A list of infrastructure sectors 

is illustrated in Figure 2-1. Infrastructure assets are mainly in the public sector domain 

(Boyfiled, 1992; Eriksson and Goldkuhl, 2013). According to the World Bank, over three-

quarters of the infrastructure projects are sponsored by government entities or state-

owned enterprises (SOEs) (Saha and Ibrahima, 2020). The public sector's dominance 

applies to the volume of investments and the number of projects being implemented. 

The private sector dominates in specific sectors such as telecommunications and 

energy (especially renewable projects). Private entities also engage in public 

infrastructure through public-private partnership (PPP) contracts (e.g., transportation) to 

offset public financing shortfalls and provide technical support. Infrastructure can be 

broadly distinguished into economic and social depending on whether the effects on 

economic development are direct or indirect (Familoni, 2006). Economic infrastructure 

directly affects the production and distribution of goods and services, such as roads, 

pipelines, electricity networks, and ports. In contrast, social infrastructure supports 

social development and the well-being of the community, which affects the economic 

system indirectly, such as schools, hospitals, recreational structures, and courts. 

Infrastructure can also be categorized as greenfield and brownfield according to the 

stages of development (Taguchi and Sunouchi, 2019). Greenfield projects require 

building new infrastructure to support new demand, while brownfield projects require 

rehabilitating or maintaining existing infrastructure to deal with existing demand (Tian et 

al., 2020 November). Private capital usually prefers brownfield investment projects due 
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to reduced risks (construction risks are foregone), steady cash flow, comprehensive 

operational track record, and less extensive capital requirements (Minchin et al., 2019). 

Greenfield projects are often refinanced after construction to receive better long-term 

financing in the operating and maintenance (O&M) phase.  

 

 

Figure 2-1.  Representative infrastructure sectors. 

 

Public and private financial resources are essential in infrastructure investment 

and development (Trebilcock and Rosenstock, 2015). For publicly financed projects, 

they rely on a budget of governments for financing, which takes the form of direct 

grants, subsidies, credit enhancements, or low-interest loans (Fay et al., 2021; 

Samsami et al., 2019). For projects financed by sub-sovereign government agencies or 

administrations, municipal financing instruments, such as general obligations, 

anticipated notes, certificates of participation, and municipal bonds, are commonly used 
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(Croce et al., 2015). The payment mechanisms to service the outstanding debt are 

based on taxes or user-levied fees (e.g., tolls, and utility charges). There are essentially 

two channels for privately financed projects: corporate balance-sheet finance and stand-

alone infrastructure project finance. Corporate finance is the traditional form of 

infrastructure finance, which has been the dominant channel in the private sector 

(Matsukawa and Habeck, 2007). Companies with a diversified portfolio of infrastructure 

assets that issues corporate equity (e.g., listed equity of publicly traded companies and 

unlisted equity of private companies) or borrow funds (e.g., corporate bonds, syndicated 

loans, and direct lending to infrastructure corporate) through balance-sheet financing. 

Hybrid instruments (e.g., convertible bonds, subordinated bonds, and preferred stock) 

are used to provide credit enhancements. Corporate-like entities master limited 

partnerships (MLPs), real estate investment trusts (REITs), and infrastructure 

investment trusts (IITs) offer other options to provide capital for infrastructure. Project 

finance is distinct from corporate finance as it is based on the cash flow generation of 

stand-alone project companies rather than the balance sheets of project sponsors. 

Equity sponsors’ liability is limited to the equity capital contributed to the project. 

Lenders often have limited recourse to project sponsors. Principal project finance debt 

instruments are project bonds, syndicated project loans, and direct project lending. 

Equity instruments include YieldCos in the public market and direct/co-investments in 

the private market. The PPP contract is a primary legal structure to define project 

finance investment. Project finance has been an increasingly popular financial solution 

to attract private capital for projects involving public entities in the role of counterparty or 

regulator. Public and private finance in infrastructure is summarized in Figure 2-2. 
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Common infrastructure financing instruments and vehicles are summarized in Table 2-

1(Tian et al., 2020c; modified from Croce et al., 2015).  

 

Figure 2-2.  Public and private infrastructure finance. 
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Table 2-1.  Taxonomy of infrastructure financing instruments and vehicles. 

Abbreviations:  ABS, asset-backed securities; CLOs, collateralized debt obligations; GPs, General partners; 
REITs, real estate investment trusts; IIT, Independent investment trust; MLP, Master, limited partnerships; 
ETF, exchange-traded fund. 

 

Despite the fact that collective financial vehicles have been available, many 

infrastructure projects are not financeable under the current financing system. Due to 

high fees charged by a large number of intermediates, it is not feasible for small projects 

to raise funds from public markets (Bond et al., 2012; Owusu-Manu et al., 2019). 

Modes Infrastructure Finance Instruments Market Vehicles 

Asset 
Category Instrument Infrastructure Project Corporate Balance 

Sheet/Other Entities Capital Pool 

Fixed 
Income 

Bonds 

Project Bonds 
Corporate Bonds, Green 

Bonds Bond Indices, 
Bond Funds, 

ETFs 

Municipal, Sub-
sovereign bonds 

Green Bonds, Sukuk Subordinated Bonds 

Loans 

Direct/Co-Investment 
lending to 

infrastructure project, 
Syndicated Project 

Loans 

Direct/Co-Investment 
lending to infrastructure 

corporate 

Debt Funds 
(GPs) 

Syndicated Loans, 
Securitized Loans (ABS), 

CLOs 

Loan Indices, 
Loan Funds 

Mixed Hybrid 
Subordinated 
Loans/Bonds, 

Mezzanine Finance 

Subordinated Bonds, 
Convertible Bonds, 

Preferred Stock 

Mezzanine Debt 
Funds (GPs), 
Hybrid Debt 

Funds 

Equity 

Listed YieldCos 

Listed Infrastructure & 
utilities stocks, Closed-
end Funds, REITs, IITs, 

MLPs 

Listed 
Infrastructure 
Equity Funds, 
Indices, trusts, 

ETFs 

Unlisted 
Direct/Co-Investment 

in infrastructure 
project equity, PPP 

Direct/Co-Investment in 
infrastructure corporate 

equity 

Unlisted 
Infrastructure 

Funds 
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Projects without clear revenue sources are difficult to get finance. From investors’ 

perspective, a lack of appropriate financing options exists relative to the revenue and 

credit quality of available projects (Lu, 2015). The potential mismatches between 

financing structures, infrastructure asset attributes, the lack of liquidity, and investment 

ticket sizes mean that infrastructure financing is only suitable for certain investors 

(Canuto, 2014). Direct infrastructure investments are limited to a narrow set of 

institutional investors, such as pension funds and insurance companies. Hence, 

resources and capital from small and medium-sized enterprises and retail investors are 

left on the sidelines. The non-transparent financial environment and significant 

information asymmetries in infrastructure further impede private financing.  

The most critical infrastructure financing challenges are in the public sector, 

where financing largely relies on grants, subsidies, and taxes subject to political 

influences and budgetary constraints (Greer, 2020). These challenges are exacerbated 

by the emergent pandemic spending and tighter financial regulations that have limited 

the availability and access to traditional public capital sources to fund infrastructure. 

Current infrastructure finance models face further challenges and increasing regulatory 

requirements to evolve to integrate ESG considerations to facilitate long-term 

sustainable development (Thacker et al., 2019; Inderst, 2020; Tian et al., 2022a). As a 

result, the financing gap faced by infrastructure is widening (Andres et al., 2014; Andres 

et al., 2013; Mackenzie, 2013; Stanley, 2018; Kramek, 2013). 
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2.2 Blockchain and Tokenization 

2.2.1 Blockchain 

A distributed ledger is a consensually replicated, synchronized, and shared 

database (Burkhardt et al., 2018). Data are maintained in a decentralized format across 

participants (nodes), who can access data shared across the network and own a copy 

of it. Any updates made to the ledger are reflected and copied to all nodes in the 

network. It is different from a centralized ledger (most commonly used by companies 

and institutions in the current system) in which a central administrator is required to 

ensure proper recording and the reliability of data (Rauchs, et al., 2018). The 

comparison between the distributed ledger and the centralized ledger is illustrated in 

Figure 2-3.  

 

 

Figure 2-3.  Implementation of the distributed ledger and centralized ledger. 

 

Building on DLT, blockchain was popularized by Satoshi Nakamoto in 2008, as 

the bedrock of the first cryptocurrency Bitcoin. Blockchain enables data stored in blocks 

through distributed ledgers (Nofer et al., 2017). The main components of the blockchain 
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are a network of computers called nodes and digital ledgers. Each node has a copy of 

the digital ledger that is updated continuously based on the transactions. Whenever 

transactions occur, every node is informed, and the ledger is continuously updated. 

Transactions recorded on a blockchain with a cryptographic signature are called the 

hash. Each block contains a hash of the current block and previous block and 

transactional information. This design enables data stored on the blockchain to follow a 

chronological order and is immutable due to the impossibility of tampering with any 

blocks while receiving confirmation of nodes (Dutta et al., 2020). Data (records or 

transactions) stored on the blockchain are on-chained data. Data generated in the real 

world residing outside the blockchain network are off-chained data, which are collected 

from sensing devices internet of things (IoTs) or manual inputs (Reyna et al., 2018). 

Oracle service is applied to connect a blockchain with off-chained data and enable 

smart contracts to receive these data to function. However, the blockchain is not a 

conventional database that stores any volume of data, large or small. Small-size data 

like information on transactions, identities, and timestamps can be easily stored on a 

blockchain (Yaga et al., 2019). While large size files like pictures and scanned files are 

inappropriate to be uploaded and stored on a blockchain due to the limitations of block 

size. Instead of storing an entire document on the blockchain, the more appropriate way 

to do it is to store the hash of the document, which is stored in a traditional database or 

a distributed cloud storage service (e.g., StorJ) or peer-to-peer hypermedia protocol 

(e.g., IPFS). It is sufficient to check the record by taking the hash of the document at 

any time in the future to compare it with the first hash created during the initial upload of 
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the document. With the advancements in the blockchain, an immutable, decentralized, 

and trusted system can be built. 

Permissionless blockchain grants each node across the blockchain equal rights 

to access, create, and validate new blocks (Guegan, 2017). This network typically has 

an incentivizing mechanism to encourage participants to join the network,. 

Permissionless blockchains are decentralized and anonymous. However, they imply 

little to no privacy for transactions (Lai et al., 2018). A permissioned blockchain network 

requires invitations and must be validated by either the network starter or by participants 

restricted by the initiator (Pongnumkul et al., 2017). Once an entity has joined the 

network, it plays a role in maintaining the blockchain in a decentralized manner (Woo et 

al., 2020). On the downside, when it comes to security, private blockchains are more 

prone to security threats and other vulnerabilities because it has much fewer nodes; 

thus, bad actors can gain access quickly (Hao et al., 2018). The majority of current 

tokenized finance projects are based on Ethereum, Binance, or Solana blockchains, 

which are public blockchains. A few private blockchain projects have also been 

launched successfully, such as the World Bank’s Bond-I (Pana and Gangal, 2021). 

Due to the decentralized nature of the blockchain, consensus protocols are 

required to ensure participating nodes in the network function under an agreement 

(Sankar et al., 2017). Objectives of consensus protocols include reaching an 

agreement, enabling collaboration, assigning equal rights to nodes, and requiring 

mandatory participation of nodes. Reliability in the blockchain network and trust among 

unknown participating nodes in the distributed computing environment are realized by 

implementing consensus protocols. Proof-of-work (PoW) and proof-of-stake (PoS) are 
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two of the most prevalent consensus protocols applied (John et al., 2020). PoW 

requires the exertion of the computational power (competitions) of nodes to add blocks. 

Participating nodes need to solve cryptographic puzzles to win the competition. The 

node first solves the puzzle that earns the right to create a new block and receive 

rewards. PoW provides a solid mechanism for achieving consensus and high-level 

security which prevents misuse and abuses. However, PoW is criticized for its high 

energy consumption (Pongnumkul et al., 2017). PoS is a low-energy consuming 

alternative consensus protocol to PoW. The responsibility for maintaining the network is 

subject to the economic stake in the network. In PoS, the participating node creates a 

new block depending on the held stake rather than on the computational power (energy 

consumption). PoS is more energy and cost-effective. However, the protocol is more 

complex and difficult to secure. While PoW and PoS are most prevalently applied in the 

blockchain network, there are other consensus algorithms like Proof of Capacity (PoC), 

Proof of Activity (PoA), Proof of Burn (PoB), Proof of History (PoH), Proof of Elapsed 

Time (PoET), Proof of Authority (PoA), Delegated Proof of Stake (DPos), and many 

other consensus protocols to meet specific demands of networks and projects (Zhang et 

al., 2020). Blockchain categorization is illustrated in Figure 2-4 (modified from Politou et 

al., 2019). 
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Figure 2-4. Blockchain categorization. 

 

Over the last decade, blockchain and its underlying DLT have evolved from a 

promising concept to a technology applied in a wide range of markets and industries, 

billed for the present and future (Rauchs et al., 2018). The immutable ledger of 

blockchain assures data integrity by storing a single traceable version of the truth. The 

efficient and secure recordkeeping nature of blockchain makes it suitable for accounting 

and auditing. Governments can apply blockchain for contract management, identity 

management, regulatory compliance, and citizen services (Hou et al., 2017). The real-

time data sharing on the blockchain enable participants across the supply chain to gain 

direct access to the status of products and tracking information (Dutta et al., 2020). By 
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removing the risk of a single point of failure, in addition to end-to-end encryption and 

privacy, blockchain can be applied to enhance cybersecurity. Healthcare is also a sector 

where blockchain can be applied to convey efficiency gains (Agbp et al., 2019). 

Blockchain facilitates the secure transfer of patient medical records. Digital health data 

can be shared securely throughout the network with the support of encryption. The 

benefit to effectively and securely creating tamper-proof logs of sensitive information 

makes blockchain exceedingly useful in finance. The exchange of value can be realized 

without the need for a trusted central authority or intermediaries (e.g., regulatory 

authorities, banks) and allow for efficiency gains driven by disintermediation, which 

ultimately reduces costs and shortens transaction time (Treleaven et al., 2017). 

Blockchain also contributes to the emergence of decentralized finance (Defi) system, in 

which participants can make transactions directly instead of replying to centralized 

financial intermediaries (Schär, 2021). There are many sectors that blockchain can be 

applied to at present or in the future.  

2.2.2 Tokenization 

2.2.2.1 Definition 

Building on the blockchain, tokenization enables the transition of assets with 

values in conventional forms or access rights into cryptographic tokens (Morrow & 

Zarrebini, 2019; Khan et al., 2020). Tokenization was used to describe a process when 

a sensitive data element is substituted with a non-sensitive equivalent, referred to as a 

token, with no extrinsic or exploitable meaning or value. In this case, tokenization is 

similar to encryption (Stapleton & Poore, 2011). With the advent of DLT, tokenization 

got a broader meaning, which describes the process of converting assets or access 
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rights into cryptographic tokens on a blockchain (Nassr, 2020). In this case, tokenization 

is analogous to securitization. Cryptographic tokens can represent assets as stores of 

value or access rights, such as shares in a company, ownership of a piece of real estate 

property, permissions to a platform, project bonds, or electricity produced by energy 

plants. In theory, any assets or rights can be tokenized and represented on a 

blockchain. Tokenization builds connections between the off-chain world and the on-

chain world, where transaction efficiency, information recording, and sharing are 

expected to be improved (Wandmacher, 2022).  

Cryptographic tokens are governed and executed through smart contracts, which 

are software algorithms integrated into a blockchain with trigger actions based on 

predefined parameters. Smart contracts are self-enforcing and self-executing (Morrow 

and Zarrebini, 2019). The automation reduces the administrative burden and the 

number of intermediaries required in the process, which leads to cost reduction and 

faster execution. Besides the efficiency gains delivered by automation and 

disintermediation, tokenization delivers other benefits, including enhancing 

transparency, improving liquidity for currently illiquid assets (e.g., infrastructure assets), 

and enabling more efficient clearing and settlement (Nassr, 2020). The concept of 

tokenization is illustrated in Figure 2-5. 
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Figure 2-5.  The Concept of Tokenization. 

 

2.2.2.2 Token categories 

Cryptographic tokens can be classified as follows utility tokens, security tokens, 

and payment tokens. Tokens are issued through Security Token Offering (STO) and 

Initial Coin Offering (ICO) (Myalo, 2019). Detailed explanations are included as follows. 

Utility tokens grant holders access to use products or services offered by 

issuers of the tokens. They typically represent a contractual bundle of rights (e.g., the 

right to use a platform) on a blockchain (Sockin and Xiong, 2022). The proceeds are 

commonly used to develop a platform and/or for other capital expenditure needs. Utility 

tokens are not security or currency. In most cases, utility tokens don’t allow investors 

(holders) to attain power over a company’s (issuer) decision-making process. The 

company’s valuation is normally not associated with the value of the token (Laurent et 

al., 2018). Utility tokens are built around a community. The tokenization project backed 
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by a solid community would contribute to the overall social and economic development 

from many perspectives and bring significant profits for issuers and investors. Due to 

the flexibility and efficiency gains offered by utility tokens, they have been experiencing 

exponential growth after 2015. Most tokens issued in ICOs are unregulated (Collomb et 

al., 2019). The exemption from the existing security laws and regulations encourages 

innovations, but it also drastically increases the potential for scammers to exploit. Scam 

token issuers can take advantage of information asymmetry to profit through fraudulent 

means at minimum cost in an unregulated ICO. Utility tokens are most often issued 

during crowdsale or through ICOs (Ante et al., 2018). 

ICO is a type of capital-raising activity in the environment of the blockchain 

(Zetzsche et al., 2017). Cryptographic tokens are issued to raise capital for the creation 

of a blockchain or funding a blockchain-related venture (e.g., business or platform). With 

the successful issuance of the Ethereum blockchain in 2014, numerous ICOs were 

launched within a short period of time. Most ICOs were unregulated. Navigating 

securities laws have been critical, particularly for genuine utility virtual assets that are 

not intended to operate as investments but are more akin to a pre-paid digital coupon 

(Deloitte, 2020). Tokens issued through ICOs are often not registered as securities, 

although many have subsequently been determined to be investment products (Deloitte, 

2022). Securities sold in an ICO are illegal unless they meet regulatory requirements. 

Issuers have the flexibility to choose their ICO structure, including the price and quantity 

of tokens offered. Token holders do not necessarily have a claim to any assets of the 

company. Tokens’ value is typically dependent upon the rights represented by the token 

and the development status of any underlying project. The issuer usually prepares a 
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whitepaper detailing the business plan, financials, and other information about the 

project (Fenu et al., 2018). The ease with which money was raised also attracted 

market participants with bad motives who took advantage of the unregulated ICO 

market to scam investors (Momtaz, 2019). The value of tokens in early ICO projects is 

highly subject to speculation. 

Security tokens are investment instruments representing assets of different 

classes, including equity, fixed income, real estate, structured product, investment fund 

shares, and commodities that are traded and held on a blockchain (a distributed ledger) 

(Mendelson, 2019). The Howey Test created by the U.S. Supreme Court is a well-

known test for determining whether an investment is a security and thus subject to 

securities regulations. The Howey Test can be applied to differentiate security tokens 

from payment and utility tokens (Henderson and Raskin, 2019). For a traditional asset 

that doesn’t exist on a blockchain, security tokens can be created through asset 

tokenization. For assets that already have an on-chain presence, tokens can be created 

through asset origination. These assets are referred to as natively digital securities. 

They can be created by mining or staking, depending on the blockchain (Subramanian, 

2019). The value of security tokens derives from the underlying asset. Security tokens 

are issued through STOs.  

STO is a type of public offering for tokenized digital securities, known as security 

tokens (Lambert et al., 2021). Similar to the concept of an initial public offering (IPO), a 

company can raise funds by creating and issuing a security in the digital format to 

investors. In order to be sold as securities to investors, security tokens must meet the 

requirements under applicable securities regulations such as the Securities and Futures 
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Ordinance in Hong Kong or the Securities Act of 1933 in the United States (Deloitte, 

2020). STO brings together the benefits of blockchain for financing but in a regulated 

environment, with the possibility of asset-backed structures increasing potential appeal. 

STOs became popular after the 2017 ICOs mania (Momtaz, 2019). Some security 

tokens are still issued through ICOs to avoid regulation (Meldelson, 2019).  

Security tokens may be listed on an exchange and may be restricted only to 

professional or accredited investors. The additional regulatory oversight makes them 

less vulnerable to fraud and misuse. The blockchain environment enhances securities 

regulatory objectives of disclosure, fairness, and market integrity and supports 

innovation and efficiency through automation enabled by smart contracts (Hines, 2020). 

Security tokens are not without risk, as with any investment product or structure. Hype 

cycles certainly continue. Although the identity of the investor might be recorded in the 

smart contract, the position on whether virtual assets constitute "property," the definition 

of ownership, and requirements for the assignment of the virtual assets may lack legal 

clarity or involve overlapping and even conflicting laws at present (Nassr, 2020). The 

valuation of virtual assets remains difficult. Without historical performance data, 

accounting professionals have difficulty ascertaining the fair value of the security token 

(Lambert et al., 2022). And due to the unique design and structure of each security 

token, it is difficult to find a referencing token for valuation. Regulatory compliance is a 

double-edged sword. With greater regulatory protection and remedies, the risk of fraud 

is reduced. However, regulatory hurdles are one of the reasons that security tokens’ 

growth and adoption have been rather modest in comparison with utility tokens’ 
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exponential growth. It is still not common for major securities exchanges to launch an 

STO or have security tokens listed. 

Payment tokens are decentralized currencies for making and receiving 

payments on the blockchain, such as Bitcoin and Litecoin (Ferrari, 2020). Payment 

tokens are used as an alternative means of exchange and store of value, supplement to 

fiat currency. Payment tokens play an important role in facilitating transactions and 

reducing currency risks to attract investors. Payment tokens facilitate peer-to-peer 

(P2P) transactions (Toderean et al., 2021). Token holders are able to send and receive 

payments to or from anyone on the network around the world. The value of payment 

tokens is determined by the faith of its users in utility across the network (Catalini and 

Gans, 2018). Payment tokens gain or lose value on the basis of demand and supply in 

the market. The volatility of payment tokens is normally high. Payment tokens are 

issued in ICOs. Stablecoins are a class of payment tokens that attempt to offer price 

stability. Stablecoins have gained traction as they attempt to offer the best of both 

worlds: the instant processing and security or privacy of payments of cryptocurrencies 

and the volatility-free stable valuations of fiat currencies (Lipton et al., 2020). Central 

banks across jurisdictions are developing government-backed payment tokens, central 

bank digital currency (CBDC), to facilitate transactions (Clark et al., 2020). Utility and 

security tokens can also be used as payment tokens. 

2.2.2.3 Token exchanges 

Tokens are tradable in centralized exchanges (CEXs) and decentralized 

exchanges (DEXs). CEXs are trusted third parties to facilitate token trades relying on a 

private infrastructure to match supply and demand. Established reputations are 
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leveraged to bring investor confidence (Lo and Medda, 2020). CEXs provide traditional 

forms of security, some in the form of insurance, others in the way of regulatory 

compliance, such as know your customer (KYC) verification and anti-money laundering 

(AML) provisions. Fiat-to-crypto or crypto-to-crypto trading pairs are offered by CEXs. 

Binance, Coinbase, Kraken, and Huobi Global are the top CEXs ranked by trading 

volume (Barbon and Ranaldo, 2021). DEXs are marketplaces (permissionless) that 

facilitate the peer-to-peer exchange of crypto, which do not involve a third party 

(Malamud and Rostek, 2017). DEXs use smart contracts and algorithms that self-

execute once preset conditions are met. DEXs allow traders to execute trades with a 

certain degree of anonymity (i.e., pseudonymity). The barriers to entry in DEXs are very 

low. Small-scale projects are easier to have their projects listed compared to CEXs, but 

a lack of screening process results in having lower quality projects listed. DEXs are in 

the early development stage. They have struggled for years to create levels of liquidity 

similar to centralized exchanges. Uniswap, Stellar, and PencakeSwap are leading DEXs 

in the market. While DEXs represent a new technology that will likely become the 

standard in the future, CEXs are more user-friendly and theoretically safer at present 

(Victor & Weintraud, 2021). With the great influx of institutional investors into the crypto 

market, especially Bitcoin, it is safe to assume that centralized exchanges will stay 

ahead in the mid-term. However, leaps in technology, like decentralized finance (DeFi) 

in contrast to centralized finance (CeFi), will keep pushing DEXs forward. Various hybrid 

models and complementary applications are likely to emerge (Chen & Bellavitis, 2020). 

2.2.2.4 Potential efficiency gains 
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By implementing tokenization, project developers and investors may benefit from 

improved transparency, efficiency, liquidity, and sustainability over the long term. The 

hallmark of blockchain-based solutions is transparency (Francisco and Swanson, 2018). 

Information of transactions, addresses, and quantities of tokens are immutably stored 

on distributed ledgers. Real-time access to immutable data increases the confidence of 

users and simplifies the due diligence process. Timely and accurate data supports 

better status tracking, decision making, and regulatory compliance. Smart contracts 

applied in tokenization allow for bi-directional instant transfer of funds and tokens by 

removing intermediaries without the need for a separate settlement process (Gunawan 

et al., 2021). The disintermediation enabled by smart contracts results in a significant 

fixed financing cost reduction, shortened processing time, and improved bankability of 

projects (Schär, 2021).  Tokenization could improve the liquidity of investments by 

unlocking global markets to capture capital and facilitating trading in secondary markets. 

By allowing for the atomicity of transactions via hash time-locked contracts (HTLC) 

(Bhatia et al., 2022), tokenization solutions remove geographical restrictions, which 

allows global participants, both project developers and investors, to be easily involved 

and make transactions anywhere and anytime (Tian et al., 2020b). Improved liquidity 

reduces the liquidity premium bore by asset owners. Secondary trading gives rise to 

derivatives building on top of tokens, which makes other value-added services to be 

easily realized (Smith et al., 2019). Blockchain-based tokenization could create a new 

economic model and market to enable the conversion of non-financial values such as 

positive social and environmental impacts into security or utility tokens, which can be 

monetized and traded. Impact tokens are blockchain tokens backed by measurable 
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social and environmental impacts (Uzsoki & Guerdat, 2019). They help stimulate the 

consumption of sustainable services and goods by providing financial incentives to 

users and customers, which improve the profitability and bankability of high-impact 

projects. Tokenization offers a potential solution to provide cost-efficient digital identity, 

credit history, and ownership recognition (Kim, 2020). With blockchain-run digital wallets 

and mobile payments based on smartphones (Moniruzzaman, 2020), the blockchain 

solution can help onboard the unbanked to boost financial inclusion and growth. Major 

benefits brought by tokenization-based solutions are summarized in Figure 2-6.  

 

 

Figure 2-6.  Potential benefits delivered by tokenization. 
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CHAPTER 3 
METHODOLOGY 

3.1 Research Framework 

There are four types of research design: exploratory, descriptive, explanatory, 

and evaluative research, or a combination of these methods (Berman et al., 2000). The 

choice of research design is based on the types of research questions to be answered 

and the nature of the analysis (Cresswell, 2014). Given the current uncertainty and 

novelty of tokenization, the integration of emerging technology with infrastructure 

investment and development has a limited basis. Thus, exploratory research designed 

to gain a deeper understanding of the research subject is favored for this study 

(Swedberg, 2020). Exploratory research is preferred when the precise nature of a 

phenomenon is unknown, and the aim is to clarify a broad understanding of it. Instead 

of conclusive answers, exploratory research is conducted to create the groundwork for 

future research (Stebbins, 2001). Infrastructure projects applying tokenization are still in 

the early development phase and mainly pertain to energy projects in private hands. 

The literature on this topic is scarce.  Aside from the author’s published work, there is 

no other peer-reviewed academic literature on this subject. This research will represent 

the first systematic and empirical analysis of the tokenization of infrastructure.  

Given the high degree of novelty of the subject with negligible antecedent 

archival literature, exploratory case study analysis and Delphi scenario analysis are 

considered the most appropriate methods for future studies as statistical techniques and 

computational models are neither viable nor practical. Desk research is applied in this 

dissertation to explore the available information on the tokenization of infrastructure 

from various sources (Dwivedi et al., 2022). Then a single case study and a multiple 
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case study analysis are performed to analyze how tokenization is explored in energy 

infrastructure projects. The single case study analysis aims to illustrate the detailed 

process of how tokenization is applied in financing a start-up company. The multiple 

case study approach is conducted to analyze how different types of tokens are 

implemented in various types of energy projects to gain a bigger picture of how 

tokenization is applied to facilitate infrastructure development (Lin, 2002). In order to 

forecast the application of tokenization in the broader spectrum of infrastructure projects 

and investigate potential efficiency gains, a Delphi scenario analysis is conducted (Culot 

et al., 2020). Based on the findings of the research, a conceptual framework for the 

tokenization of infrastructure was developed and validated (Leshem, 2007).  
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3.2 Desk Research 

Desk research is also referred to as secondary research, which involves utilizing 

existing data collected without fieldwork (Czarniawska, 2014)). Existing data are 

summarized and analyzed to increase the overall effectiveness of the research (Knopf, 

2006). Desk research includes research material published in research articles and 

similar documents. These documents can be made available by public libraries, 

websites, and data obtained from existing studies. Desk research is very effective and 

most commonly applied in exploratory research as it is convenient and efficient to 

collect basic information that can be used as benchmarks in the research process (Oliva 

and Kotabe, 2019; Drozda, 2019). A state-of-the-practice review is performed to 

investigate existing research and practices of the tokenization of infrastructure. The 

desk research approach is carried out to gain a broad and in-depth understanding of the 

research subject. Along with literature retrieval search engines, Web of Science and 

Scopus, Google search trends are investigated for the formulated keywords and data 

retrieving. Keywords and the combination of keywords used for searches are 

blockchains, tokenization, infrastructure investment, initial coin offering, security token 

offering, decentralized finance, project finance, and asset investment. As indicated 

previously, the literature on this subject is scarce, so the desk research relies on various 

data sources, including but not limited to journal articles, conference papers, book 

chapters, editorials, tokenization project white papers, discussions, periodicals, 

governmental reports, posters, catalogs, closures, and others as per the current study’s 

scope. Non-text documents, such as video presentations, interviews, webinars, and 

podcasts, are also used to a great extent to further investigate the subject. 
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3.3 Case Study 

A multiple case study approach is applied to investigate how blockchain-enabled 

tokenization is implemented in infrastructure investment and development. Given the 

fact that the body of tokenization knowledge is in its infancy, the multiple case study 

approach is considered suited as it offers a detailed description of a phenomenon in 

particular instances, typically based on various sources of data (Yin, 1981; Yazan, 

2015; Aberdeen, 2013). This approach has been commonly used in blockchain 

research (Tönnissen et al., 2020; Calandra et al., 2022; Danes et al., 2021) and 

infrastructure financing research (Miller and Coutts, 2018; Williams, 2015). The multiple-

case design enables a comprehensive examination and generalization of the results, 

which provides a holistic view of a phenomenon within its context (Stake, 2013; Maton 

and Salem, 1995). This design allows the use of replication logic and supports to obtain 

external and internal validity. Theoretical propositions (priori assumptions) were 

developed based on prior literature and an exploratory single case study analysis (Tian 

et al., 2020a). Findings of the multiple case study analysis were applied to test these 

propositions (Arte, 2017; Irannezhad, 2020; Inkelas et al., 2012; Sarker and Lee, 2003; 

Mouraviev and Kakabadse, 2015). Cases examined in this study were retrieved from 

desk research subject to content analysis. Keywords used for searches of qualified 

cases are blockchain tokenization, asset tokenization, infrastructure investment, ICO, 

STO, energy, decentralized finance, renewable transition, transportation, and real 

assets. The criteria to define qualified cases are: (1) tokenization has to be the major 

technology applied in the project, (2) the project has to be in the infrastructure sector, 

and (3) tokenization plays a key role in facilitating the development of infrastructure 
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projects or corporations in this sector. ICO/STO rating platforms (e.g., icobench, 

coindex, icodrops, storating, etc.) and relevant project news are the primary databases 

of this research. Thirty-five projects meet the requirement of the criteria. Fourteen 

projects were excluded due to missing essential information. Twenty-one tokenization 

cases in the context of infrastructure investment and development are identified. The 

use of various types of tokenization models in financing infrastructure corporations and 

projects across the globe is discussed. Use cases are sampled and analyzed based on 

the tokenization models (payment, utility, and security). This study was conducted to 

understand the application of tokenization in energy projects and forecast its application 

in a broad spectrum of infrastructure projects (e.g., toll roads, airports, waste, 

telecommunication) and different financing mechanisms (e.g., corporate finance and 

project finance). 
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3.4 Delphi Scenario Analysis 

The Delphi technique has been used for technological forecasting research and 

is particularly suitable for long-term research objectives (15-30 years), making it a highly 

suitable method for future research (Gray and Hovav, 2008; Rowe et al., 1991; 

Skulmoski et al., 2007). In this study, the technique is applied to forecast and develop 

future scenarios regarding blockchain-enabled tokenization’s application and impact on 

infrastructure investment and development. The technique has been applied in 

academic scholarly work to investigate blockchain-related subjects in future research 

(Schlecht et al., 2021; Holotiuk et al., 2019; Aldrighetti et al., 2021; Schweizer et al., 

2020). While the technique was originally implemented to yield consensus among 

experts regarding specific propositions, the purpose of this study is to foster well-

grounded group opinions (Landeta, 2006; Schlecht, et al., 2021; Kopyto, et al., 2020; 

Fritschy and Spinler, 2019). The general design of Delphi builds on four principles: 

anonymity, iteration, controlled feedback, and statistical group response (Rowe et al., 

1991). Properly conducted Delphi studies show higher accuracy in forecasts than 

conventional surveys (von der Gracht, 2008; Rowe and Wright, 1999) and have proven 

their reliability and validity (Parenté and Anderson-Parenté, 2011; Landeta, 2006). 

Despite its advantages, the application of the Delphi technique has drawbacks.  For 

example, the reliability and validity of the Delphi study are criticized in some cases 

(Goodman, 1987). Following Kastein et al. (1993) and Schlecht et al., (2021), 

standardization is applied throughout the entire study to ensure the reliability of its 

outcomes by (1) systematically recruiting experts to establish the research panel, (2) 

retaining the identical questionnaire in both execution rounds, and (3) querying the 
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same participants from the previous round for their participation in the next round. To 

ensure validity, particular emphasis was placed on the questionnaire development, and 

on following a systematic approach based on Gnatzy et al., (2011) and Kopyto et al. 

(2020). 

Scenario planning is particularly suited for assessing future developments, 

decision-making under uncertainty, and long-term planning (Varum and Melo, 2010). 

Scenarios contribute to practitioners and policymakers executing innovation and 

effectively dealing with situations of strong agreement (Bood and Postma, 1997; 

Beiderbeck et al., 2021). Scenarios can also be used as a tool to develop theories that 

are innovative, less formulaic, and disconfirms assumptions. Many scholars recommend 

the development of Delphi-based scenarios for long-term oriented and explorative future 

research. In this context, Delphi delivers reliable data that can be easily integrated into 

the process of scenario construction (Linz, 2012; Banuls and Turoff, 2011).  

This Delphi study is divided into several procedural steps. First, research 

panelists were asked to anonymously evaluate projections according to the probability 

and impact of occurrence. Qualitative justifications to enrich quantitative assessments 

were used to amplify the interpretations of results. Subsequently, the panelists received 

feedback on the group’s opinion and were offered the option to adjust their initial 

answers in the second round. Cluster analysis was used to develop scenarios based on 

statistical analyses of responses and the qualitative arguments from the panel. 
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3.5 Conceptual Framework Development 

Building on literature reviews, case studies, experts’ interviews, and the Delphi 

analysis, a conceptual framework for the tokenization of infrastructure is developed and 

validated. The framework addresses how various blockchain structures (permissioned 

and permissionless), consensus protocols (PoW, PoS, etc.), finance structures 

(corporate finance and project finance), level of centralization (Cefi and Defi), 

construction phases (greenfield and brownfield), exchange method (secondary token 

exchange and P2P) could affect the potential application of tokenization models 

(security, utility, and payment) in different infrastructure projects (public, PPP, private). 

The potential impacts are analyzed from the perspectives of regulation, technology, 

society, economy, and environment. Major stakeholders engaged in the process are 

summarized and analyzed. 
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CHAPTER 4 
SINGLE CASE STUDY ANALYSIS 

4.1 Case Narrative 

ZiyenCoin is the first SEC-compliant oil and energy blockchain token issued by 

Ziyen Inc., a blockchain-pioneering company that plans to offer a maximum of 500 

million equity-based security tokens backed by energy assets in its portfolio (Ziyen, 

2019). Despite its limited contributions to the global infrastructure market, this five-

million-dollar pilot tokenization project provides a potential solution to the shortfalls in 

global infrastructure investment if it experiments successfully. The ZiyenCoin case is 

analyzed in this study to illustrate the infrastructure assets tokenization process (private 

equity). The associated benefits, challenges, and barriers are analyzed and discussed. 

Ziyen is a US-based oil and gas producer that focuses on energy asset 

tokenization with the goal of developing new technology for improving energy 

production efficiency and liquifying energy assets. The equity of this company has been 

tokenized and issued as ZiyenCoin, which is offered for sale as a security token 

pursuant to SEC Rule 506(c) of Regulation D on a permissionless public blockchain. 

The first ZiyenCoin was mined on July 24, 2019. Since the initial date of STO, 

213522450 ZiyenCoins have been issued to 47 investors. The first acquisition of 241 

acres of oil and gas leases in exchange for 2300000 ZiyenCoins directly was 

subsequently announced on October 23, 2019. Ziyen had been actively building a 

public energy token trading platform to further deploy the implementation of blockchain 

tokenization in the energy sector and to advocate tokenization to the public. 

ZiyenCoins were offered to both US and non-US investors. US investors were 

required to be accredited as defined under Regulation D Rule 501 of the US SEC and 
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should be verified by North Capital, a third-party escrow agent that ensured the token 

issuers and accredited investors involved in the STO process comply with federal, state, 

and any rules and regulations. Non-US investors who participated in the STO of 

ZiyenCoin must comply with Regulation S under the Securities Act. However, non-US 

investors were not required to be certified as accredited investors. As such, these 

investors face fewer limitations than US investors under the current US security rules. 

The minimum investment of each investor is 50000 ZiyenCoins, which is equivalent to 

$500. 

When a potential investor decides to invest in ZiyenCoin, a subscription 

agreement must be filed with Ziyen. Future token investors must be investigated by a 

KYC/AML service provider to ensure compliance with SEC regulations. When an 

investor is deemed qualified to invest in ZiyenCoin, Ziyen is notified by North Capital to 

mint and transfer a certain amount of ZiyenCoins to the token wallet of the company. 

After the investor’s fund was cleared, Ziyen initiated the token transfer, which requires 

the participation of a pre-qualified transfer agent. This transfer agent manages detailed 

transaction records containing the identifications of token owners and wallet addresses 

where tokens are stored and where to be stored. Afterward, the investor’s funds are 

released from his/her bank account or cryptocurrency wallet to the company’s accounts, 

and ZiyenCoin is then transferred from the company’s token wallet to that of the investor 

under the supervision of the transfer agent. The rights to the company’s Class A 

securities, incorporation certificates, and bylaws are embedded into the smart contract 

of each ZiyenCoin. All associated right with the token is transferable among authorized 

investors in transferring and primary and secondary trading. 
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Records of token transactions are stored on the Ethereum blockchain and 

validated by nodes of the Ethereum network. Each node executes and records the 

same transaction into one block. The blocks are added individually in chronological 

order. ZiyenCoin in each wallet can be tracked through its address in the smart contract 

recorded on the blockchain. The public has access to source codes, transaction history, 

and contract details related to the token by navigating the address. The security rules 

and certain restrictions of the company are enforced into the smart contract of each 

token. The smart contract is coded in the Solidity programming language. The security 

token protocol of ZiyenCoin is provided by Polymath, which assists Ziyen in issuing, 

managing, and transferring tokens. 

ZiyenCoins offered in STOs are transferred to the ERC-20 token wallets of 

investors, who are then given a private key. This key interacts with the smart contract 

and allows token owners to transfer ZiyenCoins to other wallets that are either owned 

by secondary exchanges or certified individuals. Transfers are made via a whitelist, 

which contains wallet addresses of pre-approved wallets. A whitelist is a separate smart 

contract that allows administrator-approved investors to transfer tokens. ZiyenCoins can 

be transferred within the whitelist with the assistance of the transfer agent. Whitelists 

that contain the wallet addresses of investors are regularly maintained in compliance 

with the requirements of KYC/AML and the laws, securities rules, and restrictions of 

Ziyen. Owners of ZiyenCoin must initiate a transaction to transfer ZiyenCoins. 

Afterward, the smart contract of ZiyenCoin determines (a) whether the transfer follows 

the programmed rules and (b) whether the destination wallet address is approved and 

included in a whitelist. As long as these conditions are met and the transaction satisfies 
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the legal criteria recognized by the transfer agent, ZiyenCoin can be transferred from 

the ERC-20 token wallet of the initiator to the wallet of the transferee. Afterward, the 

transaction is registered in the transfer agent’s system and recorded on the blockchain. 

Otherwise, the transfer fails. 

ZiyenCoins are presently not listed in secondary markets. However, Ziyen is 

establishing a new energy-asset-backed token trading platform for ZiyenCoin and other 

energy asset tokens. Besides, the management of Ziyen is considering listing ZiyenCoin 

on established security token exchanges, Open Finance and tZERO. To allow the 

secondary trading of ZiyenCoins, wallets of the secondary market must be added to the 

whitelist by the transfer agent. The token exchange is responsible for conducting 

KYC/AML and other required checks for its own customers and for adding the wallet 

addresses of these customers to ZiyenCoin’s whitelist. Tokens are transferable among 

the wallets of individuals and the exchange as long as they are included in the whitelist. 

Figure 4-1. illustrates the tokenization process of ZiyenCoin. 
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Figure 4-1.  Tokenization process of ZiyenCoin. 

 

 

 

 

 

 

 

 

 

 

 

 



 

57 

 

4.2 Discussion 

The analysis of the ZiyenCoin is based on the whitepaper of the STO, interviews 

with the management, data retrieved from the blockchain, and observations of daily 

business operations. The analysis consists of two major sections, efficiency gains and 

barriers to adoption. Investment liquidity, transaction efficiency, transparency, regulation 

uncertainties, technical challenges, public unawareness, volatility, and limited public 

sector adoption are analyzed and discussed based on the ZiyenCoin case. 

4.2.1 Investment Liquidity 

The commitments and investment tickets of infrastructure assets are in the order 

of millions of dollars. The capital intensity of infrastructure investment limits the 

participation of small-scale institutional and retail investors. Tokenization creates a 

highly democratized investment platform. Security tokens are usually priced at a very 

low rate. In the case of ZiyenCoin, which is valued at $0.01, it represents minuscule 

ownership of Ziyen’s energy assets. This value lowers the initial capital requirements for 

investing in infrastructure assets, thereby allowing small investors to invest directly 

through small-value tokens—with investments of as low as 50000 ZiyenCoins—to 

become shareholders of Ziyen. Therefore, tokens enlarge the investor pool for 

infrastructure investment. Although Ziyen is an American company with assets 

registered in the US, international investors are also allowed to invest in ZiyenCoin. The 

company has more than 370 investors from over ten countries. The participation of 

international investors expands the market from the domestic to the global level. From 

the investors’ perspective, asset-backed and blockchain-derived tokens, such as 
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ZiyenCoin, allow investors to allocate their funds to distinctive assets, meet their 

investment profiles, and build up a diversified portfolio. 

The tokenized private equity of Ziyen offers investors access to secondary 

liquidity. Although certain restrictions, such as lock-up periods, may apply, investors still 

benefit from trading ZiyenCoins to meet their liquidity needs. Historically, the private 

equity market is considered illiquid even though secondary markets exist and have been 

growing in sophistication due to the increased demand for liquidity on part of institutional 

investors and the growing number of fund managers who gain access to new streams of 

capital. Tokenized investment opportunities further open private equity capital, which 

suffers from insufficient liquidity (Lu et al., 2018). Ziyen is planning to launch its own 

energy trading platform, the ZYEN Digital Trading Platform, which tokenizes productive 

energy assets by using permissioned blockchain in late 2020. The anticipated users of 

ZYEN include energy asset investors and owners of renewable and carbon-based 

energy assets. The development of related technologies and tokenized investment 

communities over the past two years has increased the number of token exchanges. As 

of October 2019, 51 blockchain-derived token exchanges, platforms, or marketplaces 

have been established around the globe (Security Token Market, 2019). Binance, the 

largest cryptocurrency exchange in the world, announced its launch of a security token 

trading platform in September 2018 (Baydakova, 2018) and has since then inspired 

many other major cryptocurrency exchanges to follow its lead. With the emergence of 

well-established exchanges, both investors and infrastructure developers can gain easy 

access to such investment vehicles and financing sources, respectively. 

4.2.2 Transaction efficiency 
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The transaction costs for financing and trading infrastructure assets include pre-

listing and trading costs, third-party credit rating requirements, and other costs 

associated with administrative needs. The initial public offering underwriter fee in 

traditional markets usually accounts for 4% to 5% of the gross proceeds, whereas 

small-cap clients are charged at an even higher rate (Lux and Pead, 2018). Meanwhile, 

the transaction costs related to infrastructure asset public listings account for 15% to 

22% of the total transaction value, whereas the costs associated with non-listed funds 

account for 10% to 15% (Uzsoki, 2019). In the ZiyenCoin case, each transfer of 

1000000 ZiyenCoins costs 0.000185922 Ethereum tokens, which is approximately 

$0.03 at the current price of Ethereum. In sum, the transaction cost is lower than 

0.0000001% of the transaction value. The transaction fees charged by security token 

exchanges are usually less than 1%. For instance, Binance, Huobi Global, Bitmax, and 

many other mainstream cryptocurrency and security token exchanges charge 0.25% 

transaction fees. Such superior efficiency can be ascribed to several reasons. First, 

traditional investment banking systems involve a significant amount of human capital, 

which requires a premium on their business deals. With the automation achieved by the 

smart contract on the blockchain, the degree of required financial and legal professional 

engagement has been minimized. Consequently, the cost burdens throughout the 

financing and trading process can be reduced. Second, incumbents in the finance 

industry have built up substantial economic incentives to maintain their dominant status 

and fee structures. In this way, the transaction costs can be reduced in a less 

concentrated, innovative, and vanguard market, which can be realized through 

tokenization. Third, due to the infancy of the blockchain industry and its lack of solid 
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regulations, the requirements for regulatory compliance are also low. Having fewer 

regulations corresponds to higher cost efficiency. 

ZiyenCoin transactions have a median confirmation time of 36 seconds. The 

shorter transaction times result from the involvement of fewer intermediaries and a 

simplified transaction process. Blockchain transactions are executed on a peer-to-peer 

basis without a centralized clearinghouse. Given that trades are always matched, the 

delivery of underlying security tokens cannot be delayed. International bank wires within 

the SWIFT system usually take three to five days. The settling times for listed securities 

and blockchain tokens usually last for more than three business days and within a few 

minutes, respectively. Blockchain-derived tokens can be traded for 24 h for an entire 

week, while trading in traditional markets usually lasts for six to eight hours per day for 

five days a week. 

4.2.3 Transparency 

A significant degree of information asymmetry is recorded between infrastructure 

developers and investors, and such asymmetry extends the due diligence processes 

and the transaction time. The lack of transparency introduces challenges in the price 

discovery process and increases the number of risks carried by participating parties. In 

the case of ZiyenCoin, the contract contents, wallet addresses of token owners, 

transaction histories, token supplies, and other essential information are stored 

immutably in the blockchain and can be tracked in real time. Improved transparency is 

one of the most significant advantages of a blockchain. After transactions are 

successfully performed, all relevant data become available to the public and can be 

queried at any time. The legal rights of tokenized infrastructure assets are directly 
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embedded into security tokens. The identification of token sellers and buyers can be 

traced in immutable and complete transaction records stored on a blockchain, thereby 

significantly reducing the information asymmetry among counterparties involved in a 

transaction. 

Lu et al. (2018) identified cash flow collection and channeling of infrastructure 

assets as two factors that lead to a successful financing arrangement. Transparent 

information disclosure is valuable for institutional investors who are considering 

investing in infrastructure companies or funds as an alternative asset class in their 

investment portfolio. Given the nature of blockchain technology, on-chain information 

cannot be manipulated unless an entity gathers over 50% of the overall computing 

power, which is unlikely in most cases. The combination of these features provides 

investors with reliable information disclosure and restoration mechanism. 

Although transparency is established from the moment when information is 

stored in the blockchain, auditing mechanisms for the original information sources are 

still required. For instance, the cash flows generated from Ziyen’s energy assets can be 

found on the chain and cannot be manipulated. However, raw data are still centralized 

and managed solely by the company. Without proper legislation, regulation, and third-

party auditing, the first-hand cash flow information becomes prone to intentional 

manipulation before its storage in the blockchain. This off-chain issue needs to be 

carefully examined in order to guarantee the full transparency claimed by practitioners 

in the blockchain industry. 
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4.3 Barriers to Adoptions 

4.3.1 Regulation Uncertainties 

Security tokens such as ZiyenCoin have not been approved or disapproved by 

regulatory authorities. Trading between blockchain cryptocurrencies and fiat currency 

has been banned in China, India, Egypt, and many other countries, and the regulators 

of other major countries continue to hold ambiguous attitudes toward blockchain tokens. 

Many governmental permits and approvals are only considered temporary at this 

moment. Potential investors should then proceed under the assumption that their tokens 

may not be listed publicly or sold for an indefinite period. Cross-border transfers are one 

of the significant benefits of tokenization, but the alignment of international and 

domestic regulations fails to support tokenization in the near future. Scams and hacks in 

unregulated token markets also discourage the public’s involvement in tokenization, 

thereby preventing the long-term development and maturity of the token market. 

Nevertheless, if the regulations are too stringent, then the benefits of tokenization are 

undermined. The critical values of tokenization, including independence, 

decentralization, and democratization of finance, can be diminished under strict 

centralized regulation (Laurent et al., 2018). 

4.3.2 Technical Challenges 

The technology infrastructure for tokenization has several weaknesses. As 

necessary technology infrastructures, token exchanges, smart contract models, 

programmers, and legacy systems, among others, are required to realize the stated 

benefits of tokenization. However, token issuers have to build certain key supporting 

infrastructure on their own. One of the main issues in the ZiyenCoin case is the lack of 
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an end-to-end use of smart contracts in the energy sector. Ziyen has to make large 

upfront investments in programming smart contracts before tokenizing any assets. The 

blockchain system is considered safe and outperforms other systems by offering users 

increased levels of data security. However, the applications of blockchain may be 

vulnerable to cybersecurity attacks. This problem has been addressed in the literature, 

which offers strong arguments for the capacity of the blockchain to enhance the 

resiliency of critical infrastructure systems, such as energy grids (Mylrea and Gourisetti, 

2017), telecommunications (Krishetri, 2017), and smart cities (Mora et al., 2018). The 

potential malicious attacks that may impact infrastructure assets pose additional risks 

that token investors have to bear. Blockchain tokenization also has a tight labor market. 

To attract qualified technical personnel, companies have to offer decent wages, but 

doing so will increase operating costs and reduce their competitiveness. 

4.3.3 Public unawareness 

While the concept of tokenization has aroused public curiosity, only a few people 

actually understand it. Infrastructure asset tokenization still has a long way to go before 

the general public comes to know, accept, and participate in this process. Universal 

adoption of blockchain tokenization is impossible without a broad user base. Most 

companies working on tokenization have been in operation for less than five years, and 

blockchain technology has only come to public notice over the past three years. The 

majority of the companies involved in this process are in their early stages of 

development and have been classified as start-ups. Ziyen and many other companies 

doing business in this field are subject to many risks common to such enterprises, 

including personnel limitations, lack of revenues, and restricted financial resources, and 
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the risks associated with early-stage start-ups are eventually transferred to investors. 

Therefore, token investment remains risky in the short run. 

4.3.4 Volatility 

The offering of ZiyenCoin is not underwritten by banks similar to stablecoins, and 

the price of a token is arbitrarily set by the management. The current price, which is $5 

million for 500 million ZiyenCoins, has also not been tested yet in the market. When the 

value of a company’s assets gradually increases, oil refineries demonstrate an 

exponential production, or a security token investment bubble forms, each ZiyenCoin 

may be worth much more than $0.01. Nevertheless, if the newly established company 

goes bankrupt or tokens are recognized illegally under new regulations, then ZiyenCoin 

may lose 100% of its value. The price of tokens has been extremely volatile in recent 

years. For instance, the Polymath Token (POLY) issued by Polymath, which is the 

security token technology provider for ZiyenCoin, has a negative 96.45% return on 

investment when purchased at the time of its launch. This price went down from $0.79 

per token on February 1, 2018, to $0.028 on November 6, 2019. Some other security 

tokens, such as Swarm, BANKEX, and Prometeus, have lost as much as 99.5% of their 

initial offering value. By contrast, Ethereum, Bitcoin, and many others have received 

more than 6000% returns during the same period. Tokens are notoriously volatile, and 

such volatility, despite making some investors rich overnight, discourages most retail 

investors, institutional investors, and government-backed financial institutions from 

participating in the long-term. Without the involvement of these participants, token 

markets may have a very slim possibility of becoming mainstream. 

4.3.5 Limited public sector adoption 
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The potential impact of blockchain technology on the public sector has recently 

been acknowledged by public agencies, governments, and industry providers. For 

example, the UK Government Office for Science states that the application of 

blockchain in the public sector can (i) enhance the protection of critical infrastructure 

and data, (ii) reduce operational costs, and (iii) improve the transparency and 

traceability of transactions (Walport, 2016). Other applications of blockchain include the 

storage of health records (Estonia) and financial fraud prevention, which can help 

overcome the underreporting of taxable gains by investors in countries where they do 

not legally reside (Hyvarinen et al., 2017). While e-government initiatives are gaining 

traction, no evidence shows that the public infrastructure finance sector is being 

disrupted by digital financing mechanisms beyond data security and management, often 

under the umbrella of “blockchain for good” or “data for the public good”. 

Given that 75% of infrastructure assets are in the public sector realm and due to 

the increasing adoption of new types of PPP, public financing models are expected to 

embrace digital financing and tokenization models. A recent Organization for Economic 

Co-operation and Development (OECD) report highlights the value of blockchain in the 

green transitioning of economies yet notes “a general lack of education and knowledge 

regarding its principles and drawbacks is observed in the public market” (OECD, 2019). 

The application of new technologies, especially in untested markets, poses risks that 

need to be compared with benefits. The proper technical setup is crucial to address the 

challenges in network scalability, processing speed, and security risks. Therefore, 

increasing fact-based knowledge and training relevant decision-makers are essential in 

fulfilling the potential of blockchain technology. Policymakers should then take the initial 
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steps to address legal and regulatory issues related to the use of blockchain technology 

in infrastructure investment. 
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CHAPTER 5 
MULTIPLE CASE STUDY ANALYSIS 

5.1 Propositions 

The tokenization of infrastructure refers to the process of converting information 

available on utilities (e.g., services or products offered by infrastructure facilities or 

project developers) or ownership/economic interests of the securities (e.g., equity of 

infrastructure companies, funds, loans, or bonds) into digital (cryptographic) tokens on 

the blockchain. Given the increasing desire to transition infrastructure facilities into 

intelligent systems and the desire to unlock efficient financing, tokenization may 

facilitate the establishment of alternative financing models that can overcome obstacles 

that have yet been addressed by conventional financing instruments. The tokenization 

of infrastructure has been discussed in the academic and professional literature. 

According to an exploratory case study conducted by Tian (2020a), results showed that 

tokenization can improve infrastructure investment liquidity, lower transaction costs, 

reduce transaction time, and enhance transparency. Uzisoki (2019) found that the 

tokenization of infrastructure could lower transaction costs, result in better transparency, 

enhance liquidity, provide access to alternative sources of capital, reduce counterparty 

risks through decentralization, increase transaction efficiency, and overcome the 

limitation of small project size. The research of Nassr (2021) on the tokenization of 

assets discovered that tokenization could disrupt the market-making model, enable the 

unwinding of collateral, more efficient use of balance sheet, make positive impacts on 

near-illiquid assets, reduce information asymmetries, and improve price discovery 

mechanism. Uzsoki and Guerdat (2020) found that tokenization could incentive 

behaviors for sustainability and promote financial and social inclusion. By drawing on 
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previous research findings and the case study, the propositions proposed for the 

tokenization of infrastructure to be tested are 

● P1. Tokenization improves the liquidity of investments in infrastructure. 

● P2. Tokenization enhances the transparency of infrastructure financing. 

● P3. Tokenization reduces the cost of capital for infrastructure financing. 

● P4. Tokenization expands sources of capital for infrastructure financing. 

● P5. Tokenization creates new business models to leverage positive social or 

environmental impacts for infrastructure financing. 
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5.2 Cases Narrative 

Twenty-one use cases are introduced below. Information was mainly extracted 

from whitepapers of token issuing campaigns and the websites of projects. Price and 

market capitulation data were collected until the December of 2021. 

Case 1: SolarCoin 

SolarCoin is a payment token designed to facilitate solar photovoltaic facility 

installation deployed on the SolarCoin blockchain (SolarCoin, 2021). It is an open 

community project run by the SolarCoin foundation, a Delaware-based US Public 

Benefit Corporation. SolarCoin was one of the earliest crypto-tokens offered to the 

public. Its ICO was in 2014. The foundation distributes SolarCoin to generators of solar 

electricity using verified solar facilities at the rate of one SolarCoin per one megawatt-

hour (MWh) of solar energy produced. SolarCoin serves as a direct incentive to reward 

solar energy producers and encourages the development of solar infrastructure facilities 

and the transition to clean and renewable energy. SolarCoin can be used as a means of 

rewards and payment. SolarCoin has been losing popularity gradually. It was delisted 

from major exchanges in 2018. SolarCoin is now listed on secondary token exchanges 

(e.g., Carbonswap). After seven years of operation, SolarCoin was migrated to the 

Energy Web Chain, an Ethereum-based chain, in April 2021. The estimated market 

capitalization of SolarCoin has decreased from its peak of around $100 million at the 

beginning of 2018 to less than $300,000 in December of 2021.  

Case 2: WePower 

Smart Energy Tokens are utility tokens issued by WePower, renewable energy 

procurement and trading platform founded in Lithuania, which aims at facilitating the 
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global shift to renewable energy by democratizing the energy procurement process 

(WePower, 2021). Smart Energy Tokens represent fractional ownership rights and 

obligations obtained under the power purchasing agreement (PPA). WPR is another 

utility token issued by WePower. Both tokens are deployed on the Ethereum blockchain. 

WPR tokens allow access to WePower network functions such as donation pools and 

priority auctions. WPR tokens are listed on secondary token exchanges (e.g., Bitbns). 

The current WePower whitepaper was published in February 2019, the second version 

since the initial launch in 2018. WePower ICO raised $40 million in 2018. The estimated 

market capitalization of WPR is less than $2 million in December of 2021. WPR tokens 

have lost over 98% of their value at the time of launch.  

Case 3. Cenfura 

Cenfura Tokens (XCF) are utility tokens used as the medium of exchange and 

settlement for energy goods and services on the Cenfura Platform (Cenfura, 2021). 

Cenfura established the platform in 2020, an intelligent energy service company in the 

United Kingdom that develops and operates renewable energy assets. Energy 

purchasers and producers transact energy by using XCF through the platform. Cenfura 

claims to distribute its tokens to support inclusion and sustainability initiatives such as 

energy poverty programs. Cenfura targets the unbanked as a new group of 

stakeholders of its renewable energy projects. XCF tokens are listed on secondary 

token exchanges (e.g., Liquid). Daily trading volumes usually are less than $1,000 in 

December of 2021.  

Case 4. ZiyenCoin 
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ZiyenCoins are equity-based security tokens backed by a fund of energy assets 

of Ziyen Energy, an American company founded in 2019 (Ziyen, 2020). The portfolio 

includes oil and gas reserves, minerals, and renewable energy assets. The rights to the 

company’s Class A securities, incorporation certificates, and bylaws are embedded into 

each ZiyenCoin. ZiyenCoins were issued through security token offering (STO) and 

deployed on the Ethereum blockchain following ERC20 standards. The company was 

valued at $5 million at the time of token issuance. ZiyenCoins are not listed on any 

token exchanges. The price of each ZiyenCoin is at $0.01, arbitrarily determined by the 

management of the company. 

Case 5. Electric Vehicle Zone 

EVZ coins are utility tokens deployed on Ethereum as rewards or alternative 

means to pay for services operating on the EVZ platform (EVZ, 2021). The EVZ 

platform is an electric vehicle charge-sharing infrastructure that connects chargers in 

idle time and electric vehicle users, developed in South Korea in 2018. EVZ coins 

encourage the transformation of private-use charging points into public-use points and 

the transition to clean energy. EVZ coins are listed on secondary token exchanges (e.g., 

Bithumb). The price of EVZ coins has been gradually increasing over time since its 

issuance. The approximate return on investment if purchased at the launch time is 

about 800% in December 2021.  

Case 6. Green Life Energy 

Green Life Energy tokens (GNL) are payment tokens deployed on the Binance 

Smart Chain issued by Green Life Energy Global, a British company founded in 2021 

(GNL, 2021). The company’s goal is to develop green energy projects globally. GNL 
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tokens and wallets will be used in EV car charging port payment systems, purchasing 

power from renewable energy projects, investing in renewable power plants, and 

providing charitable support for other renewable projects. However, the company didn’t 

reveal detailed plans for how GNL tokens will be applied in each scenario and how 

platforms or devices to be developed to facilitate the implementation of its token. GNL 

tokens are listed on a decentralized secondary token exchange, PancakeSwap. The 

daily trading volumes were around $10,000 in December of 2021. 

Case 7. Impact PPA 

Impact tokens (MPQ) are utility tokens deployed on the Ethereum blockchain 

issued by Impact PPA, an American company founded in 2017 (ImpactPPA, 2018). The 

Impact PPA platform allows energy consumers to “Pre-Pay” for electricity from a mobile 

device. MPQ tokens are sold to fund energy infrastructure projects. MPQ Token holders 

are granted access to review and vote on proposed projects embedded with the tokens. 

As claimed by the company, its platform and MPQ tokens could address issues of the 

unbanked, developing countries and facilitate the transition to renewable energy. 

However, the social media accounts of Impact PPA have remained inactive since 2018, 

and the proposed platform was not launched. MPQ tokens were not listed on any 

secondary token exchanges.  

Case 8. SUNEX 

SUNEX tokens are utility tokens deployed on the Ethereum blockchain issued by 

Sun Exchange, a South African company founded in 2015 (Sun Exchange, 2018). The 

SUNEX project was launched in 2018. Sun Exchange is a peer-to-peer solar leasing 

and crowdfunding platform. Investors worldwide can purchase solar photovoltaic (PV) 
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cells and build wealth by leasing those cells to power businesses and organizations in 

emerging markets. SUNEX tokens are the native network token for the Sun Exchange 

platform. Funds raised from token sales are claimed to be used for pre-financing 

construction of solar projects, business development, and emerging market rural 

infrastructure project development. SUNEX ICO ended after $1 million was raised, 

which is 4% of the target. There have been few SUNEX updates since 2019. SUNEX 

tokens are not listed on any secondary token exchanges. 

Case 9. NETZ 

NETZ tokens are security tokens backed by renewable energy assets issued by 

Net Zero Enterprises, an American company founded in 1982 (NETZ, 2021). The NETZ 

project was launched in 2021. As claimed by the company, funds raised from NETZ 

sales will be invested in green energy power plants. Renewable energy assets will 

serve as collaterals of NETZ tokens. Revenue generated from the underlying plants will 

be distributed as dividends on a quarterly basis. However, there are no detailed plans of 

how investments in NETZ will be utilized and how financial information will be audited. 

NETZ STO was in 2021, 38 million tokens were sold, which is less than 50% of the 

target. NETZ tokens are listed on a decentralized secondary token exchange, Cointiger.  

Case 10. SolarWind 

SolarWind tokens (SLW) are utility tokens deployed on the Binance Smart Chain 

issued by SolarWind, an American company founded in 2021 (SolarWind, 2021). Funds 

raised from token sales will be used to finance solar projects. Project information will be 

available on a decentralized application (dAPP). The company claims to establish a 

nonprofit organization, Positive Energy, to support charitable missions voted by the 
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SolarWind community. However, no information on the dAPP and the nonprofit 

organization can be found. Many milestones set by the company have not been 

achieved. SolarWind tokens are listed on two exchanges, PancakeSwap and Dex-

Trade. The average daily trading volume in December of 2021 is less than $100.  

Case 11. Solarex 

Solarex tokens (SRX) are utility tokens deployed on the Ethereum blockchain 

issued by Solarex, a Britain company founded in 2017 (Solarex, 2018). The target 

markets of Solarex are in Africa, starting from Nigeria. Solarex tokens grant investors 

access to an ecosystem including Peer-to-Peer (P2P) energy trading, project financing, 

and other energy services. The company claims to allocate funds raised from token 

sales to support households without access to the national grid to finance solar projects 

in Africa. However, there is no information related to the recent development of the 

Solarex ecosystem that can be found. Solarex raised about $2 million in its ICO in 2019. 

SRX tokens were not listed on any secondary token exchanges. 

Case 12. Restart Energy MWAT 

MWAT tokens are utility tokens deployed on the Ethereum blockchain issued by 

Restart Energy, a Romanian company founded in 2015 (Restart Energy, 2021). The 

MWAT project was launched in 2017. MWAT Tokens holders are given access to the 

Restart Energy Democracy (RED) Platform to trade up to 1 MWh of energy per month. 

Tokenized energy traded on the RED Platform can be physically delivered at local rates 

in countries with deregulated energy markets, as claimed by the company. The platform 

is currently in operation. Funds raised from token sales are used to expand the platform. 

MWAT tokens are listed on a secondary token exchange, Kucoin. MWAT ICO raised 
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$30 million in 2018. The price of one MWAT token was set as $0.1 at the time of token 

offering. It was traded at around $0.01 in December of 2021.  

Case 13. Electrify.Asia 

Electrify. Asia tokens (ELEC) are utility tokens deployed on the Ethereum 

blockchain issued by Electrify, a Singapore company established in 2017 (Electrify, 

2021). ELEC Tokens holders are given access to Synergy's P2P electricity trading 

platform. ELEC tokens are used as transaction fees paid by energy providers and 

loyalty rewards for consumers. Synergy Alpha was tested in 2019. Synergy Beta was 

viable in 2021. Funds raised from token sales are used to support company 

development. ELEC tokens are listed on secondary token exchanges, Gate.io and 

HitBTC. ELEC ICO raised around $30 million. The price of one MWAT token was set as 

$0.08 at the time of token offering. It was traded at around $0.0001 in the December of 

2021. It is worth mentioning that the price of one ELEC token went up from $0.0005 in 

January 2021 to 0.011 in April 2021, which was a 2000% increase in three months. The 

average market capitalization was less than $1 million in 2021. 

Case 14. SunContract 

SunContract Tokens (SNC) are utility tokens deployed on the Ethereum 

blockchain issued by Electrify, a Slovenian company founded in 2002 (SunContract, 

2021). The SNC project was launched in 2017. SNC Tokens holders are given access 

to the P2P electricity trading platform, SunContract. The platform is currently in 

operation and has more than 5000 customers within Slovenia, as claimed by the 

company. ELEC tokens are listed on some secondary token exchanges, such as Huobi 

Global, HitBTC, and OKEx. SNC ICO raised around $2 million in 2017. The estimated 
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market capitalization is around $3 million, and the average daily trading volume was 

about $200,000 in December 2021. The approximate return on investment in the 

December of 2021, if purchased at the time of launch, was about 30%. 

Case 15. Megatech 

Megatech tokens (MGT) are security tokens deployed on the Apollo blockchain 

issued by MGT Solar, a South African company founded in 2021 (Megatech, 2021). 

MGT Tokens are backed by equity shares of the company and the eight solar plants in 

development. However, the company doesn’t reveal many details about the underlying 

assets and how those assets are linked with the tokens. Unaudited profit, 3000% Return 

on Investment (ROI), is posted on the website for marketing purposes. There is no 

information related to the projected solar plants that can be found. Funds raised from 

token sales will be allocated to develop solar power plants and the token system. The 

price of Megatech tokens is set at $0.01 at the time of offering. MGT tokens are listed 

on the secondary token exchange, BitMart. They were traded at $0.002 in the 

December of 2021. The price of Megatech tokens went up more than 3,000% overnight, 

traded at $0.045 on January 16, 2022. 

Case 16. Enercom 

Enercom tokens are security tokens deployed on the Ethereum blockchain 

issued by Enercom AG, a Liechtenstein company founded in 2016 (Enercom, 2021). 

The Enercom token project was launched in 2019. Enercom tokens are backed by 

equity shares of the company. Funds raised from STO, 200,000 tokens at the price of 

ETH 0.6 or EUR 100, are claimed to be used to acquire one telecommunication project 

and one renewable energy project. The whitepaper of the Enercom token is one of very 
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few that explicitly explains risk factors, terms, and conditions of the securities and 

details of the offer/admission to trading. Token holders don’t have voting rights but have 

rights to receive dividends. Enercom tokens are not listed on any secondary token 

exchanges. 

Case 17. Sun Fund 

Sun Fund tokens are security tokens deployed on the Ethereum blockchain 

issued by Sun Fund, an American company founded in 2017 (Sun Fund, 2019). Sun 

Fund develops, owns, and operates renewable energy assets. Sun Fund tokens are 

backed by revenue-generating renewable energy assets of the company. Investors 

participating in the token ICO also can receive preferred equity shares of the company 

and an additional simple agreement for future tokens (SAFT). The company claimed to 

build a producer-to-investor platform and Internet of Things (IoT) solar inverter to 

blockchain data channel oracle connectivity after ICO. However, Sun Fund stopped 

updating its social media profiles in 2018. No information on the company and the token 

project except ICO can be found. Sun Fund tokens are not listed on any secondary 

token exchange. Sun Fund ICO attracted 325 investors and raised $123,220.  

Case 18. Grid+ 

GRID tokens are utility tokens deployed on the Ethereum blockchain issued by 

Grid+, an American company founded in 2017 (GridPlus, 2021). Grid+ is an eventual 

energy-sharing marketplace and conducting business in commercial electricity retail. 

Grid+ also manufactures hardware, programmable hardware wallet, as part of its 

business. Each GRID token is a credit on the Grid+ platform, redeemable by customers 

of the Grid+ platform for the right to purchase 500 kWh of electricity at the wholesale 
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price available to Grid+. Grid+ operates with a two-token model. The BOLT token is 

treated by Grid+ as a stablecoin, redeemable by Grid+ customers for $1 worth of energy 

from Grid+ and backed by USD deposits. Grid+ raised $32 million in its ICO. GRID 

tokens are listed on secondary token exchanges, such as Balancer, Bancor Network, 

and Uniswap. The estimated market capitalization of WPP was over $60 million in 

December of 2021, increasing from $6 million earlier time of that year.  

Case 19. WPP 

WPP tokens are utility tokens deployed on the Ethereum blockchain issued by 

WPP ENERGY GmbH, a Swiss company founded in 2009 (WPP, 2021). The WPP 

project was launched in 2018 and revised in 2019. The company describes itself as a 

repository for green energy and environmental technologies. WPP tokens serve as 

payment tokens for the company’s green hydrogen and biofuel futures contracts trading 

platform, HyFi. WPP tokens are designed to represent one kilogram of hydrogen gas 

and are accepted as a payment method to purchase convertible preferred equity shares 

of the company. Sun Fund tokens are listed on secondary token exchanges, such as 

BitMart and Digfinex. Around $60 million was raised in the ICO in 2018. The estimated 

market capitalization of WPP was around $20 million in December of 2021, while it 

surpassed $166 million in April of the same year.  

Case 20. Efforce 

EFFORCE tokens (WOZX) are utility tokens deployed on the Ethereum 

blockchain issued by EFFORCE, an Italian company founded in 2018 (Efforce, 2021). 

The WOZX project was launched in December 2020. WOZX tokens function as the 

medium through which energy savings created on the EFFORCE platform are tokenized 
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for use by any participant. Like carbon credits, the tokenized energy credits on the 

platform can be freely traded. It is not clear whether the platform has been completed at 

the time of writing. The company claimed that the WOZX token might be equivalent to 

EFFORCE’s stock shares in the future. WOZX tokens are listed on several secondary 

token exchanges, including a major exchange like Huobi Global. The estimated market 

capitalization of WOZX is around $40 million in December of 2021, while it surpassed 

$160 million in March of the same year. Four hundred fifty million WOZX tokens at the 

price of $0.1 were sold during a private sale in June 2019. WOZX tokens were traded at 

$0.27 at the time of writing in December of 2021. 

Case 21. Powerledger 

POWR tokens are utility tokens deployed on the Ethereum blockchain issued by 

Powerledger, an Australian company founded in 2016 (Powerledger, 2021). The POWR 

token project was launched in 2016. Powerledger platform allows P2P energy trading, 

enabling participants in local areas to sell and distribute solar power to their neighbors. 

The POWR token allows application hosts and participants to use the platform. The 

whitepaper of POWR tokens was revised three times in 2017, 2018, and 2019. The dual 

token system was developed, including Sparkz tokens, priced in local currency and 

POWR. POWR ICO raised $34 million in 2017. POWR tokens are listed on over 20 

secondary token exchanges, including several major ones like Binance, Coinbase, and 

Bittrex. The estimated market capitalization of POWR reached $360 million in 

November of 2021. POWR has the largest market capitalization among all token 

projects analyzed in this study.   
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5.3 Cross-case analysis 

Table 5-1. illustrates fundamental case information, including types of tokens, 

blockchain deployed, listing status, year of token offering, location of the project, price 

range, and market capitalization (cap) range. Information is extracted from crypto-

information disclosure platforms, such as CoinMartcap and Binance, and websites of 

projects. Project information from January 2014 to December 2021 is analyzed. The 

main purpose of this research is to investigate how tokenization is applied in pioneering 

projects in the infrastructure sector. However, energy is the only sector applying 

tokenization at the current stage. This research analyzes the application of tokenization 

explored by energy projects. Research findings are disseminated to understand how 

tokenization could facilitate energy infrastructure development and how the specific 

experience learned from energy projects can be generalized to a broad spectrum of 

infrastructure projects.
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Table 5-1.  Summary of Cases 
Project Tiker Type of Token Blockchain Active (Y/N) Token Exchange Location Year Price Range Market Cap Range
Ziyen N/A Security Ethereum N N/A USA 2018 N/A N/A
SolarCoin SLR Payment Energy Web N Carbonswap USA 2014 $0.003 - $2.4 $0.2M - $100M
Wepower WPR Ultility Ethereum Y Bitbns Lithuania 2018 $0.002 - 0.22 $1.8M - $75M
Cenfura XCF Ultility N/A Y Liquid UK 2020 $0.018 - $.018 N/A
Powerledger POWR Ultility Ethereum Y Multiple Australia 2018 $0.03 - $1.8 $15M - $650M
Green Life Energy GNL Ultilty Binance Y Pancake UK 2021 $0.01 - $0.065 N/A
ImpactPPA MPQ Ultility Ethereum N N/A USA 2018 N/A N/A
Efforce WOZX Ultility Ethereum Y Multiple Italy 2020 $0.2 - $3 $30M - $160M
WPP WPP Ultility Ethereum Y Digifinex/BitMart Switzerland 2019 $0.0005 - $0.055 $0.01M - $30M
Sunex SUNEX Ultility Ethereum N N/A South Africa 2018 N/A N/A
Sunfund N/A Security Ethereum N N/A USA 2018 N/A N/A
Grid+ GRID Ultility Ethereum Y Multiple USA 2017 $0.03 - $3 $1M - $120M
Enercom N/A Security Polymath N N/A Liechtenstein 2019 N/A N/A
Netz NETZ Security N/A Y Gate Sweden 2021 N/A N/A
Megatech MGT Security Apollo Y BitMart South Africa 2020 N/A N/A
Solarwind SLW Ultility Binance Y Dex-Trade USA 2021 $0.001 - $0.025 N/A
Solarex SRX Ultility Ethereum Y N/A UK 2019 N/A N/A
Electric Vehivle Zone EVZ Ultility Ethereum Y Bithumb Korea 2018 $0.01 - $0.22 $5M - $100M
Restart Energy Mwat MWAT Ultility Ethereum Y N/A Romania 2017 $0.001 - $0.05 N/A
Suncontract SNC Ultility Ethereum Y Multiple Slovenia 2017 $0.01 - $0.65 $1M - $70M
Electrify.Asia ELEC Ultility Ethereum Y Gate/HitBTC Singapore 2017 $0.0005 - $0.2 $0.2M - $70M
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Among 21 projects included in this research, 20 of them were founded in 

developed countries defined by the UN (United Nations, 2014). Restart energy in 

Romania is the only project in developing countries. However, Romania is still 

considered a high-income country. Developing countries are lagging in this emerging 

field even though tokenization could potentially bring great benefits (Kshetri and Voas, 

2018). There are some projects, like Solarex founded in the UK, that claim to target 

developing countries’ markets. However, no business activities can be tracked. 

Tokenization is only making progress in developed countries at present. The SolarCoin 

ICO was in 2014, which was one of the earliest tokenization projects. Utility token ICOs 

were launched after 2017. Security token STOs were launched after 2018. This timeline 

reflects the general development process of tokenization, starting from cryptocurrencies 

(payment tokens) to utility and security tokens. The estimated market capitalization of 

these tokenization projects is relatively small, ranging from $100,000 to $300 million. 

The medium is less than $1 million at the token price in December of 2021. The 

tokenization market is rather volatile and the price of tokens can inflate a few times or 

depreciate by over 90% within a few days. 

Cryptographic tokens are grouped into three categories depending on functions 

and purposes, payment, utility, and security (Wu et al., 2018). Solarcoin and Green Life 

Energy tokens are the only two payment tokens included in this study. Ziyencoin, Sun 

Fund, Enercom, Netz, and Megatech are the five security token projects. The rest of the 

14 projects issue utility tokens. It is worth noting that some projects issue more than one 

type of token to facilitate transactions or simplify the management process (e.g., 

WePower, Powerledger, Grid+, and EVZ). The categorization of the tokens is not 
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always definitive. Some tokens issued by the project show characteristics of both 

payment and utility (e.g., green life energy token). In some cases, the purposes of the 

tokens evolve with the project. EFFORCE tokens (WOZX) are utility tokens as defined 

in its whitepaper, but they might be equivalent to the company’s stock shares, which are 

securities, in the future.  

5.3.1 Payment 

Payment tokens are decentralized currencies for making and receiving payments 

on the blockchain, such as Bitcoin and Litecoin (Ferrari, 2020). Payment tokens are 

used as an alternative means of exchange and store of value, supplement to fiat 

currency. Payment tokens play an important role in facilitating transactions and reducing 

currency risks to attract investors. Payment tokens facilitate P2P transactions 

(Toderean et al., 2021). Token holders are able to send and receive payments to or 

from anyone on the network around the world at minimum costs and wait time. Due to 

token holders being able to send and receive tokens with only a smartphone or 

computer, The value of payment tokens is determined by the faith of its users in utility 

across the network (Nalder and Guo, 2020). Payment tokens gain or lose value on the 

basis of demand and supply in the market. The volatility of payment tokens is normally 

high. The price of one Solarcoin reached $2.7 in January of 2018, while it is trading at 

$ 0.008 in January of 2022.  

Stablecoins are a class of payment tokens that attempt to offer price stability. 

Stablecoins have gained traction as they attempt to offer the best of both worlds: the 

instant processing and security or privacy of payments of cryptocurrencies and the 

volatility-free stable valuations of fiat currencies (Lipton et al., 2020). In the Grid+ case, 
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BOLT tokens are issued as stablecoins, redeemable for $1 worth of energy from Grid+ 

and backed by USD deposits. It is difficult for payment tokens directly related to one 

specific sector to be successful due to the limited application scenarios to gain 

mainstream attention and sufficient users. Once Bitcoin has been accepted as the major 

medium of exchange in the world of crypto, which occupies the most share of the 

market. It is almost impossible for other tokens with a similar function to survive. Utility 

and security tokens can also be used as payment tokens, which further increases the 

difficulty of launching infrastructure-related payment token projects. SolarCoin has been 

delisted from most token exchanges, and it has lost over 99% of its value at the all-time 

high. Green Life Energy tokens are facing the same issues in gaining enough users 

(token holders) and offering valuable services to be alive and reach the goal of the 

developing team. Payment tokens issued within a platform at a smaller scale might be 

commonly used in future infrastructure tokenization projects like the Grid+ project.  

5.3.2 Utility 

Utility tokens grant holders access to use products or services offered by issuers 

of the tokens. They typically represent a contractual bundle of rights (e.g., the right to 

use a platform) stored on a blockchain initiative (Prat et al., 2019). The proceeds are 

commonly used to develop a platform and/or for other capital expenditure needs. Utility 

tokens are most often issued during a crowdsale or through ICOs (Crosser, 2018). 

Utility tokens are not security or currency. In most cases, utility tokens don’t allow 

investors (holders) to attain power over a company’s (issuer) decision-making process. 

The company’s valuation is normally not associated with the value of the token (Pazos, 

2018). Utility tokens are built around a community. The tokenization project backed by a 
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solid community would contribute to the overall social and economic development from 

many perspectives and bring significant profits for issuers and investors. Due to the 

flexibility and efficiency gains offered by utility tokens, they have been experiencing 

exponential growth after 2015. Most tokens issued in ICOs are unregulated. The 

exemption from the existing security laws and regulations encourages innovations, but it 

also drastically increases the potential for scammers to exploit. Scam token issuers can 

take advantage of information asymmetry to profit through fraudulent means at 

minimum cost in an unregulated ICO. 

The majority of the cases, 14 out of 21 (67%), analyzed in this research issued 

utility tokens. Those tokens grant holders access to a platform developed by the 

company, such as energy trading (e.g., Powerledger, WPP, WePower, Grid+), payment 

system (e.g., Electric Vehicle Zone), and crowdfunding (Sunnex). It is not necessary 

that platforms have been established before ICOs. Funds raised in ICOs are used to 

develop platforms or other supporting infrastructure. A successful ICO may just need a 

compiling story (reasonable business plan) and a trustworthy management team to 

convince investors to pitch in investments. It is very risky for investors to participate in 

utility token issuance when available information on the project is quite limited, which is 

very common. Some utility token projects succeeded, like Powerledger or Grid+, which 

bring investors over 1,000% investment returns if tokens were purchased at the time of 

issuance. However, for some projects (e.g., Impact PPA, Sunfund, Sunnex, or 

Enercom), projects failed before any platforms were built or any products or services 

were launched. If the tokens are backed by a failed project or community, investors 

could lose the entire investment.  
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Utility tokens are the most common among other types of tokens for companies 

issuing cryptographic tokens to raise funds. Lacking regulations could be one of the 

main contributors (Baranes et al., 2021). Without tedious regulations, project developers 

would face fewer hurdles to innovation. Most utility tokens issued in cases included in 

this research are unregulated, including those with the largest market capitalization 

(e.g., Powerledger). It certainly doesn’t mean unregulated projects must be scams, but 

the risks that investors bear are high. Token issuers face minimum-to-zero 

consequences if their projects fail. The well-developed supporting infrastructure is 

another contributor to the fact that utility tokens are more popular compared to other 

types of tokens. Thousands of projects have issued utility tokens through ICOs since 

2013. Resources around utility tokens issuance and management are ample. For token 

issuers, utility tokens are a more convenient and cost-effective choice at the current 

stage. Even though all tokenization projects studied in this research area are in the 

energy sector, tokenization might bring realizable efficiency gains in other sectors, such 

as transportation. Utility tokens can be backed by tolls to support the finance of projects.  

5.3.3 Security 

Security tokens are investment instruments representing assets of different 

classes, including equity, fixed income, real estate, structured product, investment fund 

shares, and commodities that are traded and held on a blockchain (a distributed ledger) 

(Mendelson, 2019). The Howey Test created by the U.S. Supreme Court, is a well-

known test for determining whether an investment is a security and thus subject to 

securities regulations. The Howey Test can be applied to differentiate security tokens 

from payment and utility tokens. For a traditional asset that doesn’t exist on a 
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blockchain, security tokens can be created through asset tokenization. For assets that 

already have an on-chain presence, tokens can be created through asset origination. 

These assets are referred to as natively digital securities. They can be created by 

mining or staking, depending on the blockchain (Subramanian, 2019). The value of 

security tokens derives from the underlying asset. Security tokens are issued through 

an STO instead of an ICO. Issuance and transactions of security tokens are subject to 

security regulations and legislation (Rivero, 2018). Issuers of tokens must factor in 

relevant legal and regulatory requirements, as do brokers and exchanges. Security 

tokens may be listed on an exchange and may be restricted only to professional or 

accredited investors. The additional regulatory oversight makes them less vulnerable to 

fraud and misuse. The blockchain environment enhances securities regulatory 

objectives of disclosure, fairness, and market integrity and supports innovation and 

efficiency through automation enabled by smart contracts (Hines, 2020).  

Security tokens are not without risk, as with any investment product or structure. 

Hype cycles certainly continue. Although the identity of the investor might be recorded 

in the smart contract, the position on whether virtual assets constitute "property", the 

definition of ownership, and requirements for the assignment of the virtual assets may 

lack legal clarity or involve overlapping and even conflicting laws at present (Nassr, 

2020). The valuation of virtual assets remains difficult. Without historical performance 

data, accounting professionals have difficulty ascertaining the fair value of the security 

token (Lambert et al., 2021). And due to the unique design and structure of each 

security token, it is difficult to find a referencing token for valuation. Regulatory 

compliance is a double-edged sword. With greater regulatory protection and remedies, 
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the risk of fraud is reduced (Liu and Wang, 2019). However, regulatory hurdles are one 

of the reasons that security tokens’ growth and adoption have been rather modest in 

comparison with utility tokens’ exponential growth. It is still not common for major 

securities exchanges to launch an STO or have security tokens listed. 

Five out of 21 cases analyzed in this research issued security tokens. Four out of 

the five projects’ security tokens are backed by the equity shares of the issuing 

company. Assets are held through a special purpose vehicle (SPV). Netz is the only 

project claiming that its tokens are directly backed by green energy assets. In theory, 

the value of tokens is determined by the value of the underlying company or assets. In 

the case of ZiyenCoin, the company is valued at $5 million. Five hundred million 

ZiyenCoins were issued at the price of $0.01. However, how the company or assets are 

valued remains unclear. None of the security tokens are listed on secondary token 

exchanges except the Megatech token. Security tokens are normally sold in private 

sales. Megatech claims that its tokens are equity tokens backed by the actual company, 

which should be categorized as security tokens. However, in its whitepaper, Megatech 

tokens are defined as utility tokens that are issued through ICO. Security regulatory 

compliance is not mentioned in its whitepaper. Some companies are still in the very 

early phase of exploring tokenization. There has been no uniform definition and 

classification in this field. Many security token projects claimed to be regulated. 

However, there is no evidence these projects are filed and being audited properly. 

Regulatory compliance is more like a gimmick to attract investors sometimes. Most 

whitepapers emphasize the estimated returns that investors could receive by investing 

in these projects. However, the information on the valuation of the company or assets, 
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the business plan of the company, and the auditing and regulatory compliance process 

are limited. At the time of writing, none of the projects included in this research revealed 

information on how milestones set in the whitepaper has been reached. In other words, 

these companies have ceased to operate. According to data of blockchain analytics, 

very few transactions of ZiyenCoins were made after the mid of 2019. Information 

related to Sunfund and Enercom besides their whitepapers is scarce. Netz, as a new 

project founded in 2021, is struggling to reach its STO goals. Megatech is the only 

project that remains active, and its tokens are actively traded on a token exchange. The 

tokenization models applied in these projects are all corporate finance.  
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5.4 Findings 

The object of this research is to investigate how tokenization is applied to 

infrastructure financing. The effects on liquidity, transparency, cost of capital, sources of 

capital, and business models are studied. The findings of the multiple case study 

analysis are discussed below.  

P1. Tokenization improves the liquidity of investments in infrastructure. 

This proposition was designed to study the effect of tokenization on the liquidity of 

infrastructure investments. This proposition received strong support from the results of 

multiple case study analyses. Assets tokenized into cryptographic tokens are easily 

transferable in a P2P manner or listed on token exchanges with secondary trading 

access. Tokenization could improve the liquidity of investments in infrastructure projects 

by unlocking global markets to capture the capital and facilitating trading in secondary 

markets. By allowing for the atomicity of transactions via hash time-locked contracts, 

tokenization solutions remove geographical restrictions, which allows global investors, 

to be easily involved and make transactions anywhere and anytime (Poon and Dryja, 

2015). Twenty-one projects in fourteen countries studied in this research are available 

to both domestic and international investors. Cryptographic tokens listed on secondary 

markets are available to trade twenty-four hours a day and seven days a week. Fifteen 

out of twenty-one projects have their tokens listed on token exchanges, including 

centralized exchange (e.g., Binance, BitMart) or decentralized exchange (e.g., Uniswap, 

PancakeSwap). Powerledger tokens are listed on more than twenty exchanges 

worldwide. The average daily trading volume in 2021 is over $10 million. It topped at 

$1.4 billion on November 22, 2021. While the average daily trading volume of other 
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tokens with a smaller market capitalization, like Solarwind, can be as low as a few 

hundred dollars. Secondary trading also gives rise to derivatives building on top of 

tokens, which makes other value-added services to be easily realized. Options and 

futures trading is offered by some exchanges, like Binance and Huobi Global. Binance 

supports users to trade tokens in 180 countries. Huobi Global supports 130 countries. 

For tokens not listed on token exchanges, tokens can be easily transferred between 

wallets in a P2P manner. Secondary market listing is rather easy to be realized 

technologically and economically once the management makes the decision.  

However, it is worth mentioning that even though the cross-border transfer is 

touted as a significant tokenization benefit for investors, the alignment of international 

and domestic regulations is creating an implementation barrier. Most tokenization 

projects studied in this research are unregulated except for some security token projects 

which claim to be compliant with existing security laws. A potentially unclear regulatory 

and legal status for tokenization is a risk to all market participants. At present, token 

investors need to bear additional regulatory risks. Furthermore, regulations of security 

tokens might undermine the liquidity opportunities as fewer investors are qualified to 

participate. In the case of ZiyenCoin, international investors can invest in these tokens 

pursuant to Regulation S. However, in terms of domestic investors, they have to be 

accredited to invest pursuant to SEC Rule 506(c) of Regulation D. 

P2. Tokenization enhances the transparency of infrastructure financing. 

This proposition was designed to study the effect of tokenization on the transparency of 

infrastructure financing. This proposition received strong support from the results of 

multiple case study analyses. The hallmark of blockchain technology is transparency. 
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Information of transactions, addresses, and quantities of tokens transferred are 

immutably stored on distributed ledgers. If it is a public blockchain, all internet users 

have real-time access to the information (Rizal Batubara et al., 2019). Better 

transparency is mentioned in all whitepapers of the tokenization projects studied in this 

research. Etherscan is a block explorer and analytics platform which allows users to 

search the Ethereum blockchain for activities taking place on chains. Other blockchains 

have their explorer platforms, like Binancescanner and Solscan. Real-time access to 

immutable data increases the confidence of users and simplifies the due diligence 

process. Suppose integrated with IoT devices, such as smart sensors installed on 

infrastructure facilities, financial or operational data can be automatically recorded and 

stored on a blockchain through an oracle (Reyna et al., 2018). Users, such as 

governments, project sponsors, project administrators, financial practitioners, investors, 

and surrounding communities, can monitor the financial and performance information (if 

possible) of the project through data stored on the public blockchain. Some companies 

have explored integration. Sunfund claimed to build a producer-to-investor platform and 

IoT solar inverter to blockchain data channel oracle connectivity. The unprecedented 

scope and granularity of data streams could render the financial modeling of the project 

more accurate in predicting asset value. Timely and accurate data supports better 

regulatory compliance and decision-making.  

Even though on-chain data can be recorded immutably and available to be 

revealed in real-time, not all project information is available on the blockchain. The 

transparency brought by blockchain in these cases is mainly limited to data generated 

through on-chain activities, but off-chain information remains private. Connections 
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between on-chain tokens and off-chain underlying infrastructure assets are crucial in 

tokenization. A trusted central authority is required to guarantee the connection between 

the token and the asset, monitor the underlying infrastructure assets, and update the 

status if conditions are changed. Without the guaranteed connection, it is questionable 

whether the tokens are backed by the underlying infrastructure assets, which would 

significantly disrupt the credibility of tokenization markets and the private sector’s 

participation.  In some cases, classified information keeping the competitive advantage 

of project stakeholders is not intended to be disclosed. In this case, blockchain 

applications will not enhance transparency as this information is still stored privately in 

centralized databases. 

P3. Tokenization reduces the cost of capital for infrastructure financing. 

This proposition was designed to study the effect of tokenization on the cost of capital 

for infrastructure financing. This proposition received weak support from the results of 

multiple case study analyses. Smart contracts allow for bi-directional instant transfer of 

funds and tokens by removing intermediaries without the need for a separate settlement 

process. The disintermediation enabled by smart contracts results in a significant fixed 

transaction cost reduction and improved bankability of projects (Schär, 2021). The scale 

of projects or corporations is no longer a determining factor for financing cost efficiency. 

SMEs valued at less than $10 million, such as Ziyen, Solarex, and Cenfura, are able to 

raise funds from the public directly to support their business activities and finance future 

infrastructure projects. It is not cost-effective for projects or corporations valued at less 

than $100 million to go public in the conventional financing system (Baru and Fawcett, 
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2006). Except for Powerledger and Grid+, all other projects issuing tokens to raise funds 

are under $50 million.  

Nevertheless, no other evidence indicates tokenization would actually reduce the 

cost of capital except for claims made in whitepapers of some projects. Besides 

transaction cost, the compensation for risks associated with the investment demanded 

by the market is the key component of the cost of capital. Crypto-asset is known for 

being highly risky and volatile. The high risk would increase the cost of capital for token 

issuers. Only equity and utility tokenization models are applied in use cases studied in 

this research, the missing data of debt tokenization models are important to determine 

whether tokenization could reduce the cost of capital for infrastructure financing. Use 

cases analyzed in this research are companies valued at less than $100 million. 

Whether tokenization could reduce the cost of capital for projects over $100 million and 

bring enough efficiency gains to institutional investors needs further investigation. Cost 

reductions also rely on broader adoptions. The adoption of tokenization at a large scale 

faces a number of challenges related to the underlying technology itself. Scalability is 

still a technological challenge of DLT-enabled networks and is relevant to tokenization 

given the significant throughput that would be required for the scale of global financial 

markets (Collomb and Sok, 2016). Interoperability between different networks needs to 

be secured for connectivity between markets to be allowed. Other technological risks 

include network stability and exposure to cyber risks but also business risks related to 

the migration to a DLT-enabled environment. 

P4. Tokenization expands sources of capital for infrastructure financing. 

This proposition was designed to study the effect of tokenization on sources of capital 



 

95 

 

expansion for infrastructure financing. This proposition received strong support from the 

results of multiple case study analyses. Owing to attributes of infrastructure investments 

and the current financing system, only institutional investors have access to invest in 

infrastructure. Retail and SME investors are excluded from investing in this asset class 

due to the high barrier to entry, lack of liquidity, and other factors. Tokenization can 

broaden the financial investor base by including retail investors, as invested amounts 

and holding periods can be reduced and thus become more accessible. The 

fragmentation enabled by tokenization allows for trading one-tenth, one-hundredth, or 

even smaller fractions of the original assets. By tokenizing security or utility into digital 

tokens, which represent a small portion of economic benefits or access rights, investing 

in infrastructure projects with a small amount of money becomes financially viable 

(Giungato et al., 2017). When the barrier to entry to invest in infrastructure is as little as 

a few dollars or even less, they are more accessible to retail and SME investors. Many 

tokens issued in use cases studied in this research are listed on token exchanges 

where retail investors are the major driving forces. Especially for the ICOs and STOs of 

small-scale infrastructure-related tokenization projects, retail investors’ investments are 

the only capital source. For tokens not listed on exchanges, retail investors are still the 

major participants through P2P transfers. The cross-border transfer as a significant 

tokenization benefit for investors provides international investors easier access to 

infrastructure investments which is another capital source. In the case of ZiyenCoin, 

more than 370 investors from over ten countries had investors invested in it. Over 95% 

of investors are retail investors. By enabling investing with a small amount of money, 

surrounding community residents of the project might be offered the opportunity to be 
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actively engaged in project financing. They can serve as special shareholders to 

influence the planning and future operations of the project through voting rights 

(designed by regulators and project developers) embedded with the tokens. As claimed 

by the company, the Slovenian SunContract platform has more than 5,000 registered 

customers within Slovenia holding SNC tokens. Local customers can easily trade 

energy on the platform. Consumerization through tokenization thus has the capacity to 

create a sense of local ownership in the services of the public infrastructure facilities 

and provides a platform to galvanize social acceptance. However, this theory has not 

been proven in the real world since all projects studied in this research are in private 

hands It might be a viable option considered by public projects in the future. Blockchain-

based tokenization offers a potential solution to provide cost-efficient digital identity, 

credit history, and ownership recognition. With blockchain-run digital wallets and mobile 

payments based on smartphones, the blockchain solution can help onboard the 

unbanked to boost financial inclusion and growth. ImpactPPA and Cenfura have 

mentioned that the unbanked are targeted as a new group of stakeholders of their 

renewable energy projects. However, how it can be realized and whether the benefits 

brought by involving the unbanked can offset the extra efforts taken on them remain 

questionable.   

There is a gap concerning the participation of institutional investors and retail 

investors in the token market. Institutional investors were absent before 2020. For 

institutional investors, the existing financing instruments have been considered efficient 

when capital is substantial and the investment horizon is sufficiently long. Stability and 

safety are major factors to be considered by Institutional investors. The additional 
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efficiency gains brought by tokenization have been carefully evaluated. Institutional 

investors account for 44% of total token trading activities at the end of the second 

quarter of 2021, up from 8% in 2020 (Steer, 2022). Major institutional investors are 

Tesla, Square, BNY Mellon, J.P. Morgan, and many others. The developing token 

market becomes more attractive to institutional investors as it is more stable and 

mature. Regardless of the participation of intuitional investors in tokenized infrastructure 

assets, retail investors who were excluded from this asset class have been and 

continue to participate. Thus, sources of capital for infrastructure financing are indeed 

expanded. It is worth mentioning that retail and SME investors lack the experience and 

capability to perform due diligence and resources. Proper support should be offered to 

them by governments and regulators.  

P5. Tokenization creates new business models to leverage positive social 

or environmental impacts for infrastructure financing. This proposition was 

designed to study the effect of tokenization on the creation of new business models to 

leverage positive social on environmental impacts for infrastructure financing. This 

proposition received weak support from the results of multiple case study analyses. 

Promoting sustainability and transition to renewable energy is one of the main targets of 

the projects studied in this research. These goals have been mentioned by the majority 

of them. Tokenization could create a new economic model and market to enable the 

conversion of non-financial values, such as positive social and environmental impacts 

into security or utility tokens, which can be monetized and traded. Impact tokens are 

blockchain tokens backed by measurable social and environmental impacts (Uzsoki and 

Guerdat, 2019). They help stimulate the consumption of sustainable services and goods 
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by providing financial incentives to users and customers, which improve the profitability 

and bankability of high-impact projects. However, what kinds of impacts are suited to be 

converted into tangible economic benefits is still under exploration. In the SolarCoin 

case, the foundation distributes SolarCoin to generators of solar electricity using verified 

solar facilities at the rate of one SolarCoin per one megawatt-hour (MWh) of solar 

energy produced. SolarCoin serves as a direct incentive to reward solar energy 

producers. The economic benefits encourage the development of solar infrastructure 

facilities and facilitate the transition to clean and renewable energy. However, the 

SolarCoin project has been inactive since 2020. Investors didn’t get on board and 

accept the vision of the project developers. 

Unrealistic expectations (e.g., financial projections and business plans) are 

frequently found in the whitepapers of some projects studied in this research. These 

expectations built by some project developers may incentivize them to transition to DLT-

based solutions without a proven rationale Mokunas et al., 2019). Unlike IPOs, 

companies have had a working product that generates revenue before going public. 

ICOs/STOs only need to publish unproven concepts/ideas in whitepapers at the very 

early stage of project development. Project developers can easily take advantage of the 

“flexibility” to ignore reality and exaggerate outcomes to raise funds quickly from 

investors, especially when the market is highly speculative. However, once investors 

realize a project is unlikely to process, investments are drawn quickly. Liquidity can dry 

up in a few days. For many projects, there is not a solid business rationale for the 

application of tokenization (e.g., business problems are not clearly defined; major 

technical challenges are ignored; efficiency gains are insufficient to support the 
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transition). Successful projects are more likely based on proven business models and 

moving small steps forward by integrating the benefits brought by tokenization with 

established systems. Revolutionary actions with the target of solving multiple and 

macro-level problems without detailed plans are likely to fail. Revisions in whitepapers 

are very common, which are made to address technological breakthrough and changes 

in the market. The whitepaper of POWR tokens has been revised three times in 2017, 

2018, and 2019. However, frequent major changes in the business plan may confuse 

investors and make them lose confidence in the project, although the execution is easy. 

There are also gaps between novel asset classes and business models created by 

tokenization and the existing regulatory framework. The lack of regulatory clarity for 

tokenized assets may result in arbitrage opportunities and an unsecured investment 

environment with a negative impact on all participants (Schwerin, 2018). 
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5.5 Implications 

Most tokenization projects studied in this research are unregulated except for 

some security token projects which claim to be compliant with existing security laws. A 

potentially unclear regulatory and legal status for tokenization is a risk to all market 

participants, especially retail investors. The issue must be addressed by clarity and 

interpretation of existing or new regulations by financial regulatory and supervisory 

authorities. The unregulated environment explains the great number of scams and 

frauds in the ICOs. The token market needs to comply with the regulations to protect 

investors and promote stability while facilitating healthy competition. It is not expected to 

raise significant issues in most jurisdictions since tokenization merely replaces the 

conventional electronic book-entries system with DLT-enabled networks. Nevertheless, 

it is still uncertain which regulatory asset class and reporting structure tokenized assets 

are classified into. There are gaps between novel asset classes and business models 

created by tokenization and the existing regulatory framework. The lack of regulatory 

clarity for tokenized assets may result in arbitrage opportunities and an unsecured 

investment environment with a negative impact on all participants, thus delaying the 

broader adoption of the tokenized markets. The legal status of smart contracts remains 

to be defined, as these are still not considered to be legal contracts in most jurisdictions. 

Although the identity of the investor might be recorded in the smart contract, the position 

on whether virtual assets constitute "property", the definition of ownership, and 

requirements for the assignment of the virtual assets lack legal clarity or involve 

overlapping and even conflicting laws. Thus, policymakers and regulators should update 

the legal system and regulations to ensure changes brought by tokenization are 
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addressed. Initiatives and pilot case studies promoted by governments and international 

organizations would boost the confidence and guide both public and private sectors in 

adopting tokenization.  

Twenty-one tokenization projects studied in this research are all in the energy 

sector. The applications in other sectors of infrastructure have not been found yet. 

Distributed renewable energy sources being naturally matched with the tokenization 

models is one of the reasons why the energy sector is leading in applying this new 

financing method. Most of the energy infrastructure is owned by the private sector. 

Private entities are normally acting faster and have more economic incentives to 

innovate. The adoption of tokenization in the public sector (e.g., public infrastructure) is 

lagging as shown in this research. In theory, tokenization could be applied in other 

sectors. Utility tokens backed by tolls can be issued to raise funds for transportation 

projects. Bond-like tokens (security tokens backed by debts) can be issued to raise 

funds for public infrastructure projects. Depending on the project, whether it generates 

revenues, bond-like tokens can be paid back by project revenues or availability 

payments backed by the government in PPP projects (Tian et al., 2020b). The financing 

mechanism of all the tokenization projects studied in this research can be categorized 

as corporate finance. Capitals raised from token sales are used to support corporate-

level activities. It would face no issues with applying tokenization in project finance. A 

stand-alone infrastructure project can issue tokens, backed project equity (in PPP 

projects), and project debts, to fund this project specifically. There have been no 

projects integrating tokenization with project finance at present, but it is a rather 

interesting and promising new market to explore.  
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CHAPTER 6 
DELPHI ANALYSIS 

6.1 Delphi Method 

6.1.1 Development of Projections 

Projection development is essential for ensuring the value, validity, and reliability 

of Delphi-based studies. Rigorous procedures were performed to develop thought-

provoking and concise projections, including data collection, projection formulation, and 

pretesting (Fritschy and Spinler, 2019; Spickermann, et al., 2014; Heiko and Darkow, 

2010). To streamline the phase of data collection, projections were developed through 

four diverse data sources: desk research, case studies, interviews, and unstructured 

brainstorming. Relevant journal and conference articles along with articles and posts 

available on websites were screened to identify relevant factors concerning the future of 

tokenization in infrastructure investment and development. Keywords such as 

“blockchain tokenization”, “asset tokenization”, “infrastructure investment”, and 

“decentralized finance” are used. Additionally, twenty-one projects related to energy 

infrastructure tokenization were analyzed to detect further factors and to triangulate the 

screening process, ensuring that relevant issues were addressed in the development of 

projections. In addition, five semi-structured interviews were conducted with experts 

from the field of tokenization or infrastructure to enrich the database.  

Following this process, a long list of 254 factors concerning the future of 

tokenization infrastructure was generated. The long list was then condensed into a short 

list by two members of the research team through deletion of duplicated factors and 

aggregation, according to Kopyto et al. (2020). Sixty-nine factors remained after 

consolidation. An internal workshop for projection development was conducted with four 
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members of the research team to cross-validate a short list of factors (42 factors 

remained) and to develop preliminary projections. Initially, 32 provisional projections 

were derived. A projection consolidation process was applied based on the following 

criteria: an appropriate number of elements in each projection (Salancik et al., 1971), 

clear descriptions of definition and concepts (Johnson, 1976; Belton et al., 2019), and 

elimination of conditional statements (Roßmann et al., 2018). Due to a large number of 

projections would decrease the probability of the completion of the questionnaire and 

lead to a reduced response rate (Parenté and Anderson-Parenté, 1987), the number of 

projections was further decreased to 23 while maintaining the breadth and depth of 

topics relevant to the focus of the study (Jiang et al., 2017).  

As proposed by Kopyto et al. (2020), the Delphi questionnaire was pre-tested 

with five academics with deep methodological and/or subject-specific knowledge to 

check the projections’ precision, plausibility, completeness, and methodological 

soundness. Their feedback resulted in the revision of the projection questionnaire. The 

final questionnaire included 23 projections aligned with the political, economic, social, 

and technological (PEST) framework regarding the future of tokenization in 

infrastructure for the year 2035. A time horizon of 13 years (until 2035) was chosen to 

stimulate creative thinking and long-term forecasting and is aligned with compatible 

market projections for the adoption of new technologies. Validated by Nowack et al. 

(2011) and Heiko and Darkow (2010), this time horizon has been proven appropriate for 

this type of research (Bokrantz et al., 2017) 

Introductions and explanations of the research design are communicated to the 

selected panelists (experts). The first part of the questionnaire emphasizes basic socio-
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demographic information, such as years of experience, and specific expertise in 

blockchain tokenization or infrastructure development. The second part of the 

questionnaire focuses on projections categorized based on the classical PEST analysis 

framework, which has been used frequently in foresight studies (Jiang et al., 2017). 

6.1.1.1 Political and regulatory projections 

Legal and regulatory certainty is of great importance for the future application of 

tokenization in infrastructure investment and development. However, the regulatory 

uncertainty at the current stage is one of the most serious impediments restraining the 

broader adoption of the technology (Schletz et al., 2020). Countries like Sweden and 

the United Kingdom have been making progress in regulating crypto markets (Garcia-

Teruel and Simón-Moreno, 2021), and the US is starting this process. In order to further 

investigate the potential influences of the political and regulatory requirements and the 

possibility of regulating tokenization-related activities in infrastructure, five projections 

included in this section are:  

● Projection 1. In 2035, legal and regulatory frameworks for the tokenization of 

infrastructure will have been established in most (developed and developing) 

countries. 

● Projection 2. In 2035, an international regulatory framework for the tokenization 

of infrastructure will have been developed. 

● Projection 3. In 2035, legal obligations and regulations of smart contracts will 

have been clarified in most countries. 
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● Projection 4. In 2035, public infrastructure projects will have been able to issue 

tokens to raise funds and engage the public in a regulated manner in some 

countries. 

● Projection 5. In 2035, tokenization-based solutions will have facilitated the 

establishment of decentralized and rule-based systems in governing and 

regulating infrastructure projects (e.g., permitting). 

6.1.1.2 Economic projections 

The potential economic efficiency gains brought by tokenization in infrastructure 

investment and development are some of the major factors to incentivize the industry to 

transition to a tokenized financing system. Even though these solutions have shown 

promises, many of them might not be eventually realized in practice. In order to 

investigate the economic benefits of tokenization can be realized in the short or long 

term and the prerequisites to enable adoption, seven projections are included in this 

section: 

● Projection 6. In 2035, tokenization will have been recognized as a viable option 

to be applied in both private and public infrastructure projects, which 

supplements existing infrastructure financing instruments. 

● Projection 7. In 2035, tokenization-based solutions will have been more 

frequently applied in public infrastructure projects than private projects. 

● Projection 8. In 2035, the cost of finance will have been reduced in infrastructure 

projects applying tokenization due to automation and disintermediation enabled 

by smart contracts. 



 

106 

 

● Projection 9. In 2035, tokenization-based solutions will have contributed to the 

facilitation of cross-border transactions (either in the form of money, rights, or 

data), enabling international investors to invest in global infrastructure projects.  

● Projection 10. In 2035, institutional investors will prefer tokenization-based 

solutions to conventional instruments in financing infrastructure due to higher 

efficiency. 

● Projection 11. In 2035, the blockchain-based digital currency will have become 

dominant in payments in infrastructure projects applying tokenization. 

● Projection 12. In 2035, the liquidity of infrastructure investment will have been 

improved as tokenization-based solutions facilitate fractional ownership and 

unlock the marketplace for secondary trading. 

6.1.1.3 Social projections 

As discussed by researchers and practitioners, two of the key motivations for 

tokenization are that it allows for capital raising both from the global capital markets and 

from retail investors (including community residents) to participate in infrastructure 

development and that it leaves governments more accountable and transparent of 

investments in public assets and services.  This shift could substantially enhance 

sustainability and inclusiveness, and six projections are included in this section: 

Projection 13. In 2035, tokenization-enabled micro-transactions will have become 

standard due to reduced costs and efficient transaction processing, so that individuals 

(including surrounding community residents) can directly invest in infrastructure at the 

project level. 
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Projection 14. In 2035, infrastructure project stakeholders, regulators, or 

surrounding community residents will have been empowered in decision-making as 

tokenization makes some real-time project information (e.g., finance) more accessible. 

Projection 15. In 2035, small and community-level infrastructure projects will 

have been able to raise funds directly from capital markets through tokenization. 

Projection 16. In 2035, tokens embedded with certain rights (e.g., voting, access 

to services, financial return) distributed to impacted community residents will allow and 

encourage them to actively participate in local infrastructure development, thereby 

improving the inclusivity and approval of new projects. 

Projection 17. In 2035, tokenization-based solutions will have been more 

frequently applied in infrastructure projects in emerging countries with underdeveloped 

capital markets than in developed countries. 

Projection 18. In 2035, tokenization-based solutions will have been applied to 

monetize positive social and environmental impacts, enabling new business models to 

promote sustainability and facilitate Environmental, Social, and Governance (ESG) 

investing. 

6.1.1.4 Technological projections 

Tokenization, as an emerging technology, is facing multiple technological 

barriers, which hurdle its broader adoption. Reliable technological support is of great 

importance to enable the realization of efficiency gains promised by tokenization 

innovation. To explore the current technological status and the potential integration with 

other technologies, five projections are included in this section:  
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● Projection 19. In 2035, transparency in infrastructure projects applying 

tokenization will have been improved as some project-related data are immutably 

stored on the blockchain and can be assessed in real time. 

● Projection 20. In 2035, smart contracts applied in the tokenization of 

infrastructure will have been standardized. 

● Projection 21. In 2035, the tokenization of infrastructure will have been more 

frequently deployed on permissioned blockchain than on permissionless 

blockchain. 

● Projection 22. In 2035, tokenization-based solutions will have been in use in 

combination with other technologies (e.g., Internet of Things), enabling the 

establishment of an interconnected and intelligent infrastructure financing and 

managing system. 

● Projection 23. In 2035, the adoption of the tokenization of infrastructure will have 

reached sufficient scale, leading to the full realization of efficiency gains. 

6.1.2 Selection of Experts 

An appropriate selection of experts avoiding bias is of paramount importance in 

Delphi studies as is a distribution of expertise and sufficient panel size to ensure 

reliability and validity. Since a heterogeneous expert base reduces cognitive biases and 

fits the interdisciplinary nature of this research topic, a great emphasis was placed on 

an adequate level of heterogeneity (Kopyto et al., 2020; Melander et al., 2019). 

Heterogeneity was achieved through recruiting experts from various domains, such as 

decentralized finance, asset tokenization, blockchain, and infrastructure finance, who 

were sourced from academia, industry, and political associations.  
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The selection criteria were publications in the domain and technical specialization 

in the related field. Website of tokenization startups, ICO, and STO campaigns in the 

field of infrastructure development (e.g., energy sector) were the major sources to 

screened. Executives of tokenization companies and consultants to the infrastructure 

tokenization projects are recruited. Academics were selected based on related 

academic publications and conference lists. Consequently, 394 potential experts with 

expertise matched  

with the research topic were invited to join the panel (Day and Bobeva 2005; 

Nowack et al., 2011). Previous research shows significant differences in the number of 

experts included in a Delphi study, ranging from about twenty (Bokrantz et al., 2017) to 

several hundred (Fundin et al., 2018). As a result, no specific sample size target needs 

to be set (De Loë et al., 2016; Loo, 2002), as differences result from the specific topic 

and aim of each study (Culot et al., 2020; Kluge et al., 2020). In line with the cross-

disciplinary and explorative nature of this study, panel size of 30-40 experts with 

heterogeneous backgrounds (a minimum of 10 for each subpanel) was chosen for this 

study based on general recommendations in Delphi research (Parente and Anderson-

Parente, 1987; Borkrantz et al., 2017; Parente and Anderson-Parente, 2011). The 

response rate of 10.4% was found to be adequate for the research aim and similar to 

comparable Delphi studies (Spickermann et al., 2014; Warth et al., 2013). The final 

panel consisted of 39 experts who participated in the first Delphi round. Thirty-seven 

experts participated in the second round. This dropout rate of 5.1% compares well with 

other Delphi studies (Evans, 1997; Landeta, 2006; Landeta et al., 2008).  
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6.1.3 Execution of Delphi 

This Delphi study is divided into several procedural steps. First, research 

panelists were asked to anonymously evaluate projections according to the probability 

and impact of occurrence. Qualitative justifications to enrich quantitative assessments 

were used to amplify the interpretations of results. Subsequently, the panelists received 

feedback on the group’s opinion and were offered the option to adjust their initial 

answers in the second round. Cluster analysis was used to develop scenarios, based 

on statistical analyses of responses and the qualitative arguments from the panel. The 

structure of the Delphi process is illustrated in Figure 6-1.  

 

 

Figure 6-1.  The structure of the Delphi process. 

 

This Delphi analysis was designed with two rounds. The purpose is to mitigate 

fatigue and ensure a high response rate. Numerous studies (Woudenberg, 1991) have 

found that three rounds or more might not increase the quality of the findings, but also 
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increased the risk of panelist dropout (Fritschy and Spinler, 2019; Kluge et al., 2020). 

There is no optimal number of survey rounds in Delphi research, however, in the Delphi-

based scenario studies, two rounds were found most commonly applied (Höjer, 1998; 

Mason and Alamdari, 2007; Piecyk and McKinnon, 2010; Melander et al., 2019). 

Each Delphi round followed the same procedure. Experts were asked to assess 

the projections in accordance with  

● Expected probability of occurrence (EP), based on a metric scale of 0–100% 

● Impact on the industry (I), based on a 5-point Likert scale 

Panelists were sent an email containing a unique link to the questionnaire 

through Qualtrics. Experts’ responses could not be linked to their identities by 

individuals outside of the core research group to ensure privacy and confidentiality to 

ensure anonymity (Gill et al., 2013). For Round 1, the questionnaire was sent to the 

experts at the end of December 2021. The last questionnaire was returned in mid-

February 2022 after three reminders. Before Round 2 evaluations, an interim report 

containing the algebraic mean of results and qualitative inputs from the Round 1 were 

sent to experts. After that, specific links to the questionnaire with individual results of the 

Round 1 were sent to each expert at the end of February 2022. Experts were allowed to 

modify their responses by opening the link. The last result received was in mid-March 

after three reminders. The aim of the second Delphi round was to increase consensus 

among experts by considering the other experts' feedback and to achieve higher data 

validity (Jiang et al., 2017; Heiko and Darkow, 2010). Three indicators suggest a high 

level of involvement and commitment in this study: (1) the entire research panel 

answered the entire questionnaire without leaving one projection blank; (2) a high 
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number of 446, usable comments were submitted; (3) the dropout rate (5.1%) is low, 

compared to the 18% drop-out rate (Nowack et al., 2011). 

6.1.4 Analysis 

To analyze and visualize the research panel’s assessments regarding the 

expected probability and impact of the projections proposed, arithmetic mean values, 

interquartile ranges (IQR), and standard deviation (SD) were calculated. IQR indicates 

the consensus and dissent levels with 25 as the threshold level following the research of 

Warth et al. (2013) and Keller and von der Gracht (2014). IQR is measured only for the 

probability of occurrence. Convergence rates, measuring the difference in SD between 

Delphi rounds, show the panel’s shift in assessments. Besides quantitative 

assessments, 672 written comments equivalent to 17.2 arguments per expert, are given 

by the panel. Seventy-four percent of the panelists provided at least one rationale to 

support their quantitative assessments. For the analysis of qualitative inputs, two 

researchers in the team worked as coders to structure the data and label arguments 

(Roßmann et al., 2018). Descriptive codes for the arguments were derived by applying 

the content analysis. Codes were discussed by two coders to readjust divergent coding 

results until consensus was achieved. 

As suggested by (Saritas and Oner, 2004; Heiko and Darkow, 2010), the Delphi 

results were analyzed to derive scenarios according to quantitative results and 

qualitative arguments for further illustration and verification. A cluster analysis was 

conducted to analyze structures in the results. The variables considered in the cluster 

analyses were projections’ mean values of probability of occurrence and impact. 

Numerous studies have argued that clustering based on these two dimensions is 
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appropriate to derive appropriate strategies and actions (Ogden et al., 2005; Akkermans 

et al., 2003; Rikkonen et al., 2006). The results of the cluster analysis served as a basis 

to elaborate on scenarios for the application of tokenization in infrastructure investment 

and development in 2035. Further desk research was conducted to support the 

plausibility and consistency of the scenarios. 

 

6.2 Discussions 

6.2.1 Descriptive Statistics 

The descriptive statistics of the Delphi data are presented in Table 6-1. Experts' 

estimates of probability for 23 projections are depicted with the respective 

measurements of mean, convergence, and consensus in two Delphi rounds. The impact 

of projections is measured in both rounds but only the second-round evaluation results 

were used to develop scenarios for further analysis. The results revealed that the 

occurrence of all reviewed projections would have a non-negligible impact on 

infrastructure investment and development, as the mean values for the estimated 

impact were all rated greater than 3.0 on a 5-point Likert scale (Kopyto et al., 2020). 

Thus, all projections were further considered for analysis. Projection 9 (cross-border 

transactions) and Projection 22 (Internet of Things integration) are anticipated to have 

the highest influence.  
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Table 6-1.  Descriptive statistics analysis results. 
Impact

No. Projection Mean SD IQR Mean SD IQR Mean Change CV Mean
Political/Refulatory
1 Regulatory framework--most countries 72.95 22.53 30.00 73.11 19.27 20.00 0.16 -3.26 4.19
2 Regulatory framework--international 50.13 27.54 45.00 50.54 23.91 40.00 0.41 -3.63 3.70
3 Regulatory framework--smart contract 70.00 26.83 45.00 69.05 26.06 35.00 -0.95 -0.77 4.08
4 Regulated offering for public infrastructure 76.28 21.85 32.50 78.51 18.78 20.00 2.23 -3.07 4.27
5 Rule-based governing system 56.15 25.71 40.00 54.05 24.86 40.00 -2.10 -0.86 3.62
Economic
6 Viable in private and public projects 76.92 20.51 22.50 76.89 18.80 20.00 -0.03 -1.71 4.22
7 More frequently applied in public projects 36.28 24.49 30.00 32.30 19.42 15.00 -3.98 -5.07 3.16
8 Reduced cost of finance 75.13 26.67 40.00 77.57 22.69 35.00 2.44 -3.98 4.22
9 Cross-border transactions 74.87 23.49 25.00 78.78 19.73 15.00 3.91 -3.76 4.32
10 Insitutional investors 59.36 27.72 42.50 59.86 25.26 40.00 0.51 -2.46 3.65
11 Blockchain-based digital currency 68.33 33.74 67.50 69.46 29.32 45.00 1.13 -4.43 3.95
12 Investment liquidity 74.49 21.94 32.50 77.16 18.43 20.00 2.67 -3.51 4.27
Social
13 Micro-transactions 70.26 26.73 42.50 74.05 20.94 30.00 3.80 -5.78 4.00
14 Real-time information access 71.92 28.02 35.00 71.89 26.49 40.00 -0.03 -1.53 4.00
15 Small-scale projects 75.13 24.88 25.00 79.05 21.66 15.00 3.93 -3.22 4.08
16 Community engagement 68.21 27.01 40.00 70.68 22.05 35.00 2.47 -4.96 4.08
17 More frequently applied in emerging countries 57.31 26.23 35.00 57.97 23.11 30.00 0.67 -3.12 3.81
18 ESG investing 78.59 23.34 35.00 81.35 17.70 20.00 2.76 -5.64 4.27
Technological
19 Transparency 81.92 18.09 20.00 85.14 14.84 15.00 3.21 -3.25 4.27
20 Standardized smart contracts 60.90 27.93 50.00 60.95 25.98 40.00 0.05 -1.95 3.95
21 Permissioned/Persmissionless blockchain 62.95 30.94 45.00 64.86 25.91 35.00 1.92 -5.03 3.51
22 IoT intergration 82.05 21.20 30.00 83.78 19.59 20.00 1.73 -1.61 4.32
23 Sufficient scale 66.03 25.37 42.50 67.30 24.05 40.00 1.27 -1.32 4.19

Probability Round 1 (N=39) Probability Round 2 (N=37) Round 2 vs. Round 1
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The mean values of the projections’ probability range from 32.3% for Projection 7 

(more frequently applied in public projects) to 85.1% for Projection 19 (transparency). 

The research panel increased its estimates in the second-round assessment regarding 

the probability of occurrence for 19 projections and decreased in four. For thirteen 

projections, the mean value of the probability is over 70%. Besides Projection 19, the 

estimated probability of another two projections, Projection 18 (ESG investing) and 

Projection 22 (IoT integration) is over 80%. Nine projections fall into the range from 50% 

to 70%. Projection 7 (more frequently applied in public projects) is the only projection 

below 50%.  

Calculating the IQR of the research panel’s probability assessments revealed 

that by applying the common threshold value of less than 25 as discussed in the 

Methodology section, Projection 6 (viable in private and public projects) and Projection 

15 (small-scale projects) yield consensus in the first round. In the second round, ten 

projections yield consensus, which accounts for 43.5% of all projections. Besides the 

two aforementioned projections, Projection 1 (regulatory framework--most countries), 

Projection 4 (regulated offering for public infrastructure), Projection 7 (more frequently 

applied in public projects), Projection 9 (cross-border transactions), Projection 12 

(investment liquidity), Projection 18 (ESG investing), Projection 19 (transparency), 

Projection 22 (IoT integration) yielded consensus in the second Delphi round. Nine out 

of 11 projections with the highest probability rate yield consensus. Projection 7, with the 

lowest probability rate also yielded consensus. 

Experts’ opinions converged over time as the convergence rates of all projections 

are negative. On average, the SD decreased by 3.2%, which indicates a convergence 
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toward group consensus. The strongest convergence is observed in Projection 13 

(micro-transactions), with a 5.8% decrease in SD. The lowest convergence rate, 0.77%, 

was measured in Projection 3 (Regulatory framework--smart contract), which indicates 

that the participating experts were the most confident with the assessment of this 

proposition. 

In addition to analysis on an aggregated panel level, further insights are given by 

a deep dive into subgroups’ assessments, as illustrated in Table 6-2. The subgroups 

are classified by panelists’ professional backgrounds and expertise (Roßmann et al., 

2018). Experts in blockchain tokenization (n = 21) and infrastructure development or 

investment (n = 18) participated in this research. Infrastructure cohort assessments of 

the probability rates of 21 projections (91.3%) are lowered than those of the tokenization 

cohort. The idea behind comparisons between subgroups is that experts have unique 

perspectives and expectations based on their backgrounds (Kopyto et al., 2020). 

Projection 7 (more frequently applied in public projects) and Projection 22 (IoT 

integration) are the only two projections that the infrastructure cohort feels more 

optimistic about. Projection 19 (transparency) has the highest probability rated by the 

tokenization cohort while Projection 22 (IoT integration) is rated the highest by the 

infrastructure cohort. The infrastructure cohort is also more pessimistic about the impact 

of the projections. Projection 15 (small-scale projects) is the only one rated higher by 

the infrastructure group. 
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Table 6-2.  Subgroup statistics analysis results. 

 

 

6.2.2 Scenario Analysis 

Scenarios of probable future, scenarios of possible future, and scenarios of 

surprising future were analyzed and are shown in Figure 6-2. The figure maps the 

probability of occurrence against the impact the projections are likely to have. Experts’ 

comments on each projection are summarized in Appendix.   

 

Proability Impact
No. Projection Tokenization Infrastructure Tokenization Infrastructure
Political/Refulatory
1 Regulatory framework--most countries 78.81 65.63 4.19 4.19
2 Regulatory framework--international 56.90 42.19 3.90 3.44
3 Regulatory framework--smart contract 80.71 53.75 4.43 3.63
4 Regulated offering for public infrastructure 83.81 71.56 4.29 4.25
5 Rule-based governing system 61.90 43.75 3.81 3.38
Economic
6 Viable in private and public projects 79.29 73.75 4.33 4.06
7 More frequently applied in public projects 31.19 33.75 3.19 3.13
8 Reduced cost of finance 85.48 67.19 4.33 4.06
9 Cross-border transactions 82.86 73.44 4.48 4.13
10 Insitutional investors 69.29 47.50 3.76 3.50
11 Blockchain-based digital currency 74.29 63.13 4.24 3.56
12 Investment liquidity 77.38 76.88 4.33 4.19
Social
13 Micro-transactions 83.81 61.25 4.29 3.63
14 Real-time information access 77.38 64.69 3.95 4.06
15 Small-scale projects 82.14 75.00 4.05 4.13
16 Community engagement 77.14 62.19 4.14 4.00
17 More frequently applied in emerging countries 60.48 54.69 4.05 3.50
18 ESG investing 83.10 79.06 4.43 4.06
Technological
19 Transparency 87.38 82.19 4.43 4.06
20 Standardized smart contracts 66.67 53.44 4.05 3.81
21 Permissioned/Persmissionless blockchain 67.86 60.94 3.62 3.38
22 IoT intergration 82.38 85.63 4.33 4.31
23 Sufficinet scale 74.52 57.81 4.38 3.94
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Figure 6-2.  Scenarios of probable, possible, and surprising futures. 

 

6.2.2.1 Scenarios of the probable future 

The scenarios of the probable future contain 16 projections that are 

characterized by the highest expected impact and probability of occurrence assessed 

by experts. The probability ranges between 67% (Projection 23) and 85% (Projection 

19). The impact ranges between 3.95 (Projection 11) and 4.32 (Projection 22). Eight out 

of nine projections with the highest probability rate yield consensus. Projection 8 is the 

only exception. The high probability, impact, and consensus rate indicate convergence 

in these scenarios for 2035. 

Efficiency gains. Experts are very optimistic that tokenization will improve 

transparency in infrastructure projects, as it is the highest-probability projection with a 

very high impact rate (Projection 19). Transparency is one of the main characteristics of 

blockchain-based solutions, which also empowers project stakeholders, regulators, and 
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community residents in decision-making due to the real-time information disclosure 

capability (Projection 14). Data recorded on public blockchains are immutable and open 

to anyone with internet access. The cost of finance reduction in infrastructure projects 

applying tokenization due to automation and dis-intermediation enabled by smart 

contracts is also discussed by experts as a very likely efficiency gain (Projection 8). 

However, material advancements in smart contract design and enforcement are 

prerequisites to realizing cost reductions. The research panel predicted that it is likely 

that blockchain-based digital currency will have become dominant in payments in 

infrastructure projects applying tokenization by 2035 (Projection 11). Central bank digital 

currency (CBDC) issued by governments and other forms of digital currency based on 

blockchain, which can be seamlessly integrated with the tokenized system, are 

expected to be the norm by then. According to the International Monetary Fund (IMF), 

nearly 100 countries are exploring CBDCs as of early 2022, but only nine countries 

have fully implemented them (Georgieva, 2022). However, some experts expressed 

concerns that conventional banking and government systems will not let loose control of 

the payment system easily. Liquidity improvement is one of the most frequently 

discussed benefits associated with tokenization. The research panel predicted with a 

high level of confidence (high probability and consensus reached) that tokenization-

based solutions will contribute to the facilitation of cross-border transactions (enabling 

investors worldwide to invest in global infrastructure projects) (Projection 9) and that the 

liquidity of infrastructure investments will have been improved as tokenization-based 

solutions facilitate fractional ownership and unlock marketplaces for secondary trading 

(Projection 12). Potential investors in infrastructure investment can be expanded from 
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institutional investors only to include retail and SME investors (domestic and 

international) through tokenization. The decentralized finance (DeFi) momentum in the 

marketplace will also keep attracting more investors to participate in tokenized 

investments. The potential integration of tokenization with other technologies is rated 

positively by the research panel. The projection that tokenization-based solutions will 

have been in use in combination with other technologies (e.g., Internet of Things), 

enabling the establishment of interconnected and intelligent infrastructure financing and 

management system, is rated the second highest possibility and yielded consensus. 

The combination of IoT and blockchain has already been underway. Numerous 

interesting use cases in other areas (e.g., supply chain management) are currently 

being explored. Data generated from the IoT devices can be stored on the blockchain 

directly and automatically through oracles (Woo et al., 2020). 

Regulatory environment. Proper regulation is essential to the safe development 

and implementation of the tokenization of infrastructure, which promotes stability, 

protects market participants and ensures integrity. The research panel has a high level 

of confidence that legal and regulatory frameworks for the tokenization of infrastructure 

will have been established in most (developed and developing) countries by 2035 

(Projection 1). Some countries have established legal regulations for tokenized 

securities (e.g., Liechtenstein and Switzerland) and it is an ongoing trend (Culinovic-

Herc et al., 2021). Experts believe that tokenization merely replaces one digital 

technology with another, which should not raise issues in jurisdictions to have it 

regulated under the existing framework. However, the high level of sophistication of 

infrastructure projects can be an obstacle to tokenization implementation, and 
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developing countries are expected to lag behind in regulating this sector. The 

clarification of smart contracts in legal and regulatory frameworks is supported by the 

research panel (Projection 3), as smart contracts fit into the existing framework of the 

contract and regulatory law regimes. The research panel supported and achieved 

consensus that public infrastructure projects will have been able to issue tokens to raise 

funds and engage the public in a regulated manner in some countries in 2035 

(Projection 4). Enabling public projects to raise funds through a token sale should 

achieve similar goals of issuing municipal bonds under the existing public financing 

system and legal framework. 

Social impacts. Besides the economic impacts made by tokenization-based 

solutions, potential social impacts also draw public attention. The research panel 

predicted that individuals (including community residents) can directly invest in 

infrastructure at the project level through micro-transaction enabled by tokenization by 

2035. The new investment opportunities will attract retail investors to add infrastructure 

investment into their portfolios and encourage community residents to actively 

participate in local project development. However, if the acquisition of tokens is only by 

means of capital, which could assign more rights to the rich. An inappropriate design 

might actually further increase the wealth gap and worsen inclusivity. Some experts 

argued that even if the mechanism allows retail investors to participate, they (including 

community residents) do not really have the characteristics for such investments. So, 

the anticipated rate of participation can still be low if it can happen in reality. The 

research panel reached a consensus and rated the high possibility that small and 

community-level infrastructure projects will have been able to raise funds directly from 
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capital markets through tokenization in 2035 (Projection 15). The disintermediation 

enabled by smart contracts results in a significant fixed financing cost reduction and 

improved bankability of projects. The scale of projects or corporations is no longer a 

determining factor for access to financing in public markets. Experts were optimistic that 

tokenization would make capital market fundraising for infrastructure projects at the 

community level possible. Some experts expressed the need for a regulatory framework 

to enable and facilitate the realization of community-level financing. Engaging 

surrounding residents in the impacted community through tokenization was also rated 

likely by the research panel (Projection 16). Community-level decentralized autonomous 

organizations (DAO) can facilitate the implementation. Experts were excited (high 

probability, high impact, and consensus yielded) about applying tokenization to 

monetize positive social and environmental impacts, enabling new business models to 

promote sustainability and facilitate Environmental, Social, and Governance (ESG) 

investing (Projection 18). The urgent need for implementing emerging technology to 

facilitate the integration of ESG metrics in investments may result in faster adoption in 

relevant fields. Tokenization could allow fundamental transparency to be built into ESG 

initiatives, which opens the door for scaling monetization and incentivization techniques. 

Technology adoption. Experts were asked to evaluate the general adoption of 

tokenization in infrastructure projects. The research panel leaned to support the 

adoption of tokenization of infrastructure to reach sufficient scale, leading to the full 

realization of efficiency gains by 2035 (Projection 23). However, the probability rate 

(67.3%) is the lowest among projections in the group of scenarios of the probable 

future. The consensus was not achieved for this projection, which indicated a relatively 
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lower level of confidence in this group. Sufficient scale is hard to define, besides it is 

highly uncertain due to regulatory technological obstacles whether tokenization could 

reach the “tipping point” of mass adoption to fully realize efficiency gains. Some types of 

infrastructure projects tend to be more suitable for tokenization (utility infrastructure) and 

reaching sufficient scale in these projects would be more likely. Experts predicted that 

tokenization would have been recognized as a viable option to be applied in both private 

and public projects, which supplement existing infrastructure financing instruments by 

2035 (Projection 6). There have been some use cases of tokenization in private projects 

(e.g., energy infrastructure). Some experts believe that once tokenization is successfully 

demonstrated in some pilot public projects, other entities are expected to quickly follow, 

pending regulatory approval.  

Scenarios of the possible future 

The scenarios of the possible future contain six projections characterized by the 

medium expected impact and probability of occurrence assessed by the research panel. 

It is important to incorporate eventualities that have a medium expected probability of 

occurrence and a rather high impact as they indicate directions of the alternative future 

(Grossmann et al., 2007). The probability ranges between 50% (Projection 2) and 65% 

(Projection 21). The impact ranges from 3.51 (Projection 21) to 3.95 (Projection 20). Six 

projections in these scenarios are characterized by high IQR, indicating a higher degree 

of disagreement among experts and no consensus was reached. Even though the 

experts were not in agreement and their assessments do not show any tendency toward 

a low or high probability and impact, their comments reveal essential points that may 



 

124 

 

influence the future landscape of blockchain-enabled tokenization utilization in 

infrastructure investment and development. 

Global adoption. Enabling the adoption of tokenization at the global level could 

expand the investor base and link projects worldwide with global markets. An 

international regulatory framework for the tokenization of infrastructure is essential and 

the prerequisite to realizing efficiency gains (Projection 2). However, experts had 

different opinions on whether an international regulatory framework could be 

established. Countries have distinct regulatory environments, limiting the opportunity to 

harmonize different parties’ interests at a global level in spite of the great introduced 

impact. Some experts were optimistic that regional or bi- and multi-lateral regulatory 

frameworks (e.g., within the EU) are more likely to be established. The gap between 

developing and developed countries is another obstacle faced by the global adoption of 

tokenization (Projection 17). Indeed, developing countries have fewer burdens so they 

are more flexible in finding alternative paths to finance their infrastructure projects (Tian 

et al., 2022a), while developed countries are vested in the current financing mechanism.  

Whether this is due to governments and institutional centralized fear of the loss of 

power, as commented by some experts, or barriers to change in processes, is unclear. 

However, many developing countries may not have the required economic growth, and 

stable regulatory and financial systems to enable the transition. Experts tend to believe 

that the tokenization of infrastructure will be more likely to be applied in developed 

countries with limited pioneering by developing countries.  

Decentralized governance. The process of permitting under the current 

centralized system with human intervention creates a series of obstacles to 
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infrastructure development, such as briberies, holiday delays, and political influences. 

The decentralization enabled by blockchain solutions might enable the creation of 

automatic algorithm-based governance and permitting system. As long as pre-defined 

conditions in smart contracts are met, permits can be automatically granted to relevant 

parties. Overall, experts expressed divided opinions on Projection 5. The supporting 

experts argued that automation could be achieved in some parts of the permitting or 

regulatory processes and a DAO could facilitate the transition. Others stated that it is 

rather challenging to remove authority from governments, and legacy systems will not 

allow relinquishment of control. Permitting and regulating is rather complicated, it would 

be unlikely to have a system developed at least in the short term to replace human-

based decision-making.  

Institutional investor. Institutional investors are key players in infrastructure 

investment and development under the current financing models. The research panel 

was not very optimistic that institutional investors would prefer tokenization-based 

solutions to conventional instruments in financing infrastructure even at purported 

higher efficiency (Projection 10). Tokenization could expand the investor base to retail 

and SME investors, who are considered competitors in infrastructure investment.   

While some experts predicted if efficiency gains brought by tokenization were equal to 

or greater than conventional instruments at equivalent risk, tokenization-based solutions 

may be used to complement other financial instruments by institutional investors. 

Technical support. The discussion on whether future tokenization activities will 

be deployed on permissioned or permissionless blockchain reflects further 

disagreement (Projection 21). Some experts predicted that permissioned blockchain 



 

126 

 

would be more frequently applied initially due to better control and regulated markets 

might only be permissioned under the current legal system. While it is argued that 

permissionless blockchains have a broad appeal to a larger base of users and the 

impact of the deployment of permissionless blockchains to enable a decentralized 

system is rather high. It is unclear which blockchain will be more frequently deployed 

based on the assessments of this research. Whether smart contracts designed for the 

tokenization of infrastructure would have been standardized in 2035 has a great impact 

on efficiency realization (Projection 20). The research panel predicted that it might be 

challenging to have standardized smart contracts designed for the entire infrastructure 

sector due to the complexity and variety of projects. Partial standardization for certain 

sectors is more feasible.  

6.2.2.2 Scenarios of the surprising future  

The scenarios of the surprising future contain only one projection characterized 

by the rather low expected impact and probability of occurrence assessed by the 

experts. Projection 7 is the only projection in this scenario. The probability of Projection 

7 is the lowest among all projections, which is 32%. Its impact, 3.16, is also the lowest. 

The consensus was achieved in this projection. This scenario describes surprising 

(unlikely) developments associated with tokenization in infrastructure investment and 

development. 

Application in public or private projects. The low possibility rate of Projection 

7 indicates that tokenization-based solutions will have been more frequently applied in 

public infrastructure projects than private projects by 2035 is not supported by the 

research panel’s assessment. Experts predicted that tokenization would be more likely 
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to be applied to the private sector in less than 15 years of time. The consensus shows a 

high level of confidence in expert assessments. The lowest impact among all 

projections indicates that whether the project is public or private is not vitally important 

to the tokenization application. As commented by experts, the public sector always 

lagged in adopting emerging technologies and innovations due to top-down decision-

making and bureaucratic management systems. A stricter regulatory environment faced 

by public projects and the low-risk appetite (security sometimes is the priority instead of 

efficiency) is also the reason why tokenization is more likely to be implemented in the 

private sector at the early stage of adoption. Nevertheless, experts also predicted that 

infrastructure privatization and innovative PPP projects in the public sector have a better 

chance of tokenization as compared to other types of public projects. It is not negligible 

that the majority of infrastructure projects are in still public hands, even though a small 

portion of these projects apply tokenization, the overall number of public projects 

applying tokenization can be still higher than the application in private projects. It was 

also mentioned by some experts that public infrastructure assets have appeal to many 

investors but are not available for most of them. The demand for investing in public 

infrastructure through tokenization under innovative PPP contracts could facilitate 

broader adoption.  Once the security and efficiency of tokenization are proven by its 

application in the private sector and with the support of regulation, its adoption in the 

public sector can be rather quick, despite the fact it takes a longer time.  

Implications for Policy, Practice, and Research 

Proper regulations and policies are essential to the future applications of 

tokenization in infrastructure investment and development. They are prerequisites to 
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further adoption and realizations of efficiency gains. Regulatory and supervisory 

authorities should take actions to regulate the tokenized market to prevent fraudulent 

activity within the ecosystem, promote market integrity, safeguard against misconduct 

risks, and provide clear guidance to allow participants to innovate in the market. For 

policymakers, the results of this research indicate the regulatory and policy framework 

for the tokenized market is still in its infancy. Regulations specific to the tokenization of 

infrastructure have not been established. The legal status of digital (crypto) tokens and 

smart contracts should be recognized. Tax legislation should also be modernized to 

take on changes resulting from the tokenized investment. Allowing the public (including 

surrounding residents) in decision-making and public infrastructure projects to raise 

capital from the markets directly through tokenization would benefit the overall society. If 

developing countries can seize the opportunity to regulate the tokenization market 

sooner, considering fewer systematic burdens faced, they are more flexible to find an 

unusual way to finance their infrastructure projects and elevate their economies. 

Educational efforts are vital to the border adoption of tokenization, especially for the 

public to understand the emerging technology, which should be addressed by 

policymakers. There is a continuous need for updating the existing legal and regulatory 

frameworks to address the changes brought by tokenization-related activities. While 

policymakers should also ensure that regulations are not too stringent to hinder 

innovation. 

For practitioners, this study offers a validated starting point in a field 

characterized by rather uncertain conditions and serves as an inspiration for future 

developments. The tokenization of infrastructure has been explored in some private 
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projects mainly in the energy sector. As experts predicted it would be not only possible 

but also make a high impact if tokenization can be applied in public projects, which 

should be proactively investigated as the next step of broadening tokenization in 

infrastructure to better serve communities and the general society. The reduced cost of 

finance relies on sufficient technological support (well-developed and standardized 

smart contracts), which can only be realized once the scale of adoption reaches a 

certain level. Even though the investor base of infrastructure projects is enlarged to 

include international and retail investors in theory, risk and return should be properly 

designed and structured to engage these investors to participate in practice. 

Tokenization could bring both benefits and challenges to institutional investors. It is 

important for them to get familiar with emerging technology through pilot projects. 

Liquidity improvement is also considered a major benefit associated with tokenization. 

The establishment of regulated token markets and well-implemented investor 

protections are prerequisites. Enabling decision-making for the public in infrastructure 

through corporate services (e.g., voting) is considered possible by applying 

tokenization. However, what kind of access should be granted to balance the benefits 

and obstacles should be well examined. It is necessary for practitioners to allocate more 

efforts and resources to investigate the integration of tokenization with other 

technologies to promote ESG investment to address the urgent demand at present.  

Implications from the perspective of the methodology include the contribution to 

the development of forecasting methods by applying the Delphi technique. Although 

Delphi and scenario planning have been applied in many studies, it has yet to be used 

in the field of blockchain-enabled tokenization. This study provides evidence of the 
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importance of Delphi as a forecasting tool for technology adoption studies. Considering 

tokenization is in its infancy, there is limited data available for in-depth analysis at 

present. Future research should conduct analysis based on real-time data (from 

operations) to explicitly examine to what extent and how tokenization can realize the 

projected efficiencies gains (comparing tokenized finance with conventional finance 

options). The research on how tokenization can be integrated with project finance would 

contribute to the infrastructure finance literature significantly. As discussed by some 

researchers, the Delphi analysis is normally part of a more comprehensive research 

process (Rowe & Wright, 2011). While results of the Delphi analysis provide insights 

into possible future developments, they might not be generalizable or enable theory-

building. Further research should explore results in more depth and balance out the 

limitations of the future-oriented research methods if possible. The research panel 

consists of 39 experts as experts who have experience in this emerging field are very 

limited. Future research can place more emphasis to conduct a more in-depth analysis 

after there are more practitioners and scholars working on the tokenization of 

infrastructure. It is also important to distinguish the application of tokenization in different 

types of infrastructure projects (e.g., transportation, energy), which might yield 

interesting additional insights. The use of additional forecasting techniques catering to 

short-term predictions and qualitative empirical work that monitor the developments 

caused by blockchain in society and markets could enrich the findings of this study. 
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CHAPTER 7 
CONCEPTUAL FRAMEWORK OF TOKENIZATION OF INFRASTRUCTURE 

7.1 Definitions and Concepts 

The tokenization of infrastructure refers to the process of converting information 

available on utilities (e.g., services or products offered by infrastructure facilities or 

project developers) or ownership/economic interests of the securities (e.g., equity of 

infrastructure companies, funds, loans, or bonds) into digital (cryptographic) tokens on 

the blockchain, which can be traded by investors. Given the increasing desire to 

transition infrastructure facilities into intelligent systems and the desire to unlock efficient 

financing, tokenization may facilitate the establishment of alternative financing models 

that can overcome some obstacles that have yet been addressed by conventional 

financing instruments. Figure 7-1. Illustrates the simplified concept of the tokenization of 

infrastructure. 

 

 

Figure 7-1.  Concept of the Tokenization of Infrastructure. 

 

Tokenization has been applied in the energy infrastructure sector (Mengelkamp 

et al., 2018 ab; Adriaens and Ajami, 2021; Tian et al., 2022d; Naderi and Tian, 2022). 

Tokens representing the access rights to electricity trading platforms, developer 

companies' equity shares, or power-purchase agreements are issued to raise capital for 
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future corporation and project development. In theory, tokenization could be applied in 

other sectors. Utility tokens backed by tolls can be issued to raise funds for 

transportation projects. Bond-like tokens (security tokens backed by project, corporate, 

or municipal bonds) can be issued to raise funds for both public and private 

infrastructure projects. Depending on the project whether it generates revenues, 

tokenized bonds can be paid back by project revenues or availability payments with the 

support of governments in PPP projects (Tian et al., 2020b). Tokenization could be 

easily incorporated with existing corporate and project finance models. Tokens backed 

by project equity (in PPP projects), or project debts could be issued on a project level. 

Even though the application of tokenization in infrastructure development is scarce at 

present, it has shown great potential to serve as an alternative financing vehicle to 

supplement the current infrastructure development and finance system to bridge the 

gap (Tian et al., 2020a). 

The implementation of tokenization in infrastructure might potentially improve 

investment liquidity, transparency, transaction efficiency, and encourage private 

participation (Tian et al., 2020a). Data generated in token activities (e.g., issuance, 

transfer, and settlement) are immutably stored on the blockchain and made available to 

governments, project administrators, project sponsors, investors, and surrounding 

communities in real-time from the perspective of technology (access to certain data 

might be restricted by regulation and contracts). Real-time access to immutable data 

simplifies the due diligence process. The disintermediation enabled by smart contracts 

could result in a significant capital cost reduction, which improves the bankability of 

projects (Schar, 2021). By tokenizing security or utility into small-value tokens, which 
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represent a small portion of economic benefits, investment in infrastructure with a small 

amount of money becomes financially viable. The lowered barriers to entry would attract 

small investors, including retail and small and medium-sized enterprises (SME) 

investors, who were excluded from infrastructure investment historically in the 

conventional financing models. By enabling investing with a small amount of money, 

surrounding community residents of a project might be offered the opportunity to be 

actively engaged in project financing. They can serve as special shareholders to 

influence the planning, financing, and future operations of the project through voting 

rights (approved by regulators and project developers) embedded with the tokens. 

Consumerization through tokenization thus would be able to create a sense of 

ownership in local public infrastructure facilities and provides an option to galvanize 

social acceptance. New economic models enabling the conversion of non-financial 

values such as positive social and environmental impacts into security or utility tokens, 

which can be monetized and traded, are also made impossible with tokenization. Even 

though tokenization could bring efficiency gains to infrastructure investment and 

development, it is still in its very easy stage of development. Some efficiency gains 

might only be realized in theory. Challenges of regulations (e.g., unclear legal statutes, 

cross-border uncertainties, and lack of single point of accountability) and technology 

(e.g., network stability, interoperability, and cyber-risks) are preventing tokenization from 

realizing large-scale adoption. It is important to thoroughly understand the new 

technology in-depth through an empirical analysis. Based on the principles and existing 

experiences of tokenization of security, real estate, commodities, arts, rights, and the 

infrastructure financing mechanism, a conceptual framework for the tokenization of 
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infrastructure is proposed. Detailed explanations of how tokenization can be applied in 

infrastructure investment and development are introduced in the following section.  

Tokenization can be applied in both public and private infrastructure projects. 

National governments or municipalities can issue tokenized bonds to finance public 

infrastructure. In PPP and private projects, private entities have more flexibility to 

leverage tokenization-based solutions to finance projects, including tokenized equity, 

tokenized debt, tokenized utility, or cryptocurrency issued for infrastructure-related 

development. Depending on the projects, permissioned and permissionless blockchains 

are chosen to meet the project-specific needs. Permissionless blockchain grants each 

node across the blockchain equal rights to access, create, and validate new blocks 

while a permissioned blockchain network requires invitations and must be validated by 

either the network starter or by participants restricted by the starter. The term Layer-1 is 

used to describe the underlying main blockchain architectures, such as Bitcoin, BNB 

Chain, and Ethereum. Layer-1 solutions decide the consensus protocols. In the case of 

Ethereum, the most commonly used Layer-1 blockchain, the consensus protocol used 

by Ethereum is PoW but it is shifting to PoS. Tokens are mainly categorized as security 

tokens, utility tokens, and payment tokens. Listed corporate shares, listed funds, 

unlisted corporate shares (including SMEs), direct investment, and unlisted funds can 

be tokenized as security tokens. Utility tokens can be backed by products, services, 

rights, rewards, or impacts associated with infrastructure projects. Payments tokens 

including cryptocurrencies, stablecoins, and CBDCs facilitate transactions in 

infrastructure projects or assist the financing. Depending on the regulation and projects, 

different token models are selected. Tokenization-based solutions can be integrated 



 

135 

 

with existing corporate finance and project finance models. Not only are applied in 

conventional CeFi but also they can be applied in DeFi by establishing DAOs through 

blockchain. Tokenization can be applied in both greenfield and brownfield projects 

optimizing capital expenditure (CapEx) and operating expenditure (OpEx). The major 

stakeholders in projects applying tokenization are regulating authorities, project 

developers (sponsors), investors, technology providers (tokenization platform), and 

other service providers (e.g., legal, accounting, tax, insurance, identification, etc.). Once 

tokens are issued, they can be listed on centralized token exchanges (traditional format) 

or decentralized exchanges (operating based on protocols). Tokens can also be 

transferred directly in a P2P manner. Impacts made by tokenization in infrastructure 

projects are evaluated from economic, social, environmental, technological, and 

regulatory perspectives. The critical components of the tokenization of infrastructure is 

shown in Figure 7-2. The transactional structure of the tokenization of infrastructure is 

illustrated in Figure 7-3. 
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Figure 7-2.  Critical components of the tokenization of infrastructure. 

Abbreviations: PoW, Proof of Work; PoS, Proof of Stake; CBDC, Central Bank Digital Currency; CeFi, 
Centralized Finance; DeFi, Decentralized Finance. 
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Figure 7-3.  Transactional structure of the tokenization of infrastructure. 

 

Major stakeholders of the tokenization of infrastructure are summarized in this 

section. These stakeholders include token issuers, arrangers, custodians, service 

providers, regulators, exchanges, and investors (Lambert et al., 2022; Liebau and 

krapels, 2021; Tian et al., 2020a; Tian et al., 2022b). Each of these stakeholders’ 

responsibilities in tokenization is explained. 

Issuers are asset owners or project developers. The issuers are responsible for 

designing token economics, which includes the amount of capital to be raised by selling 
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tokens, the type of assets to be tokenized, target investors, marketplaces, and other 

factors related to token issuance, exchange, and servicing. Issuers can be infrastructure 

companies, project equity investors (sponsors), project debt investors (borrowers), and 

funds. 

Arrangers are tokenization platforms providing technological support to tokenize 

assets in their original format into tokens. Tokenization platforms work with issuers to 

design and set up the tokenization structure. These platforms work towards easing the 

process of issuing and managing tokens. Some pioneering tokenization platforms in the 

market include Polymath, Tokeny, Securitize, Harbor, and New Alchemy. 

Custodians are called to act as the trusted party that will guarantee the 

connection of the off-chain world to the distributed ledger environment. Tokenization of 

assets will ultimately depend on the existence of a trusted and credible central authority 

that guarantees the backing of tokens issued by the underlying assets. This could imply 

a potential central role for a third-party trusted authority (Nassr, 2020). For tokens not 

backed by off-chain assets, custodians are not necessary. 

Service providers are contractors providing services to support the issuer to 

reach the ultimate capital goal by selling tokens. Financial advisors offer support to 

design deal structures. Legal advisors enable the tokenization process to be in 

compliance with regulations. Advertisers make sure the fundraising activities are seen 

by enough potential investors. Accountants provide accounting and taxing services. 

Regulators are an integral part of the token ecosystem in the various 

jurisdictions where offerings take place. For security tokens, regulators are the 

Securities and Exchange Commission (SEC) in the US and the Financial Services 
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Authority (FAS) in the UK. Auditors might be involved to audit the tokenization process 

in some jurisdictions. Utility tokens and cryptocurrency issued through an ICO remain 

largely unregulated, which should be addressed by regulators. 

Exchanges serve as the secondary market for token trading, which is a key 

element to introduce liquidity to tokenized assets. Some security token exchanges 

include Stellar X, tZero, and Fluidity. Binance is the largest token exchange that offers 

trading services for cryptocurrencies, utility tokens, and security tokens (Myalo, 2019).  

Investors who are interested in equity investments, debt investments, and 

cryptocurrency-like investments regardless of retail or institutional can participate in 

token investments. Tokenization enlarges the investor pool in asset investment. Retail 

and institutional investors are granted investment opportunities for the first time in some 

asset classes. Tokenization also makes international trading more accessible.  

7.2 Process 

The major procedures of the tokenization of infrastructure are concluded as 

origination, issuance, distribution, exchange, and service. Once tokenization is selected 

as a viable option for infrastructure finance, the token issuer (i.e., project developer, 

sponsor, asset owner) selects the token model that fits for the project and the 

underlying assets to be tokenized. The amount of capital to be raised by selling tokens 

and the rights embedded in tokens should be determined in the origination phase. The 

proper risk and return analysis should be performed. In the issuance phase, a 

tokenization service provider (technology contractor) is normally selected to assist the 

overall tokenization process. The Layer-1 blockchain, such as Ethereum and Binance 

Chain, is selected as the bedrock blockchain architecture (Popov et al., 2022). Token 
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issuers should work with the technology contractor to set up codes and program smart 

contracts to meet the requirements of the project, regulations, and laws. In this phase, 

the token issuer sets the price ranges and triggers transactive threshold values for 

tokens. There have been no formal benchmarks or standards that have been developed 

yet. After the legal and contractual structures of tokenization are established, KYC/AML 

vendors, primary/secondary marketplaces, token allocation plan, and targeted investors 

are concluded for distribution (Lootsma 2017). Potential investors need to pass KY 

checks to be accredited before investing. In some cases, investors have to be 

whitelisted to receive tokens. Once these processes are completed, newly minted 

tokens are transferred to the wallets of qualified investors or are listed on token 

exchanges. Qualified investors are able to transfer their tokens to other qualified 

investors through peer-to-peer (P2P) trading or trade tokens in secondary markets if 

allowed by the project. Future dividends and interest payouts generated from the 

underlying asset are sent out to wallets of token owners in the form of cryptocurrencies 

or equivalent fiat currency. The process is automated by smart contracts whenever pre-

defined parameters are triggered. Token holders (investors) can also execute voting 

rights and other actions. The transparency nature of the token transaction data 

simplifies the accounting and taxing process. The procedures for the tokenization of 

infrastructure are illustrated in Figure 7-3. 
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Figure 7-4.  The procedures for the tokenization of infrastructure. 

Abbreviations: AML & KYC, Anti-money laundering and know your customer; CeFi, Centralized Finance; 
DeFi, Decentralized Finance; P2P, Peer to Peer. 
 

The tokenization processes of security, utility, and payment are slightly different. 

In terms of security tokenization, tokens are backed by the security selected by the 

asset owner. The underlying security can be project bonds, corporate bonds, project 

loans, equity of the infrastructure company, and infrastructure investment funds. The 

token issuer (asset owner) establishes an SPV to transfer certain rights of the 

underlying securities into security tokens. The underlying security is held by a custodian 

to ensure its existence and security. Token investors purchase tokens in exchange for 

ownership. Tokens can be transferred to investors’ wallets directly or be listed on token 

exchanges enabling secondary trading. Security tokens are subject to security 

regulations. Regulatory agencies, lawyers, and service providers (e.g., technical, and 

financial) support the overall process. Figure 7-4 illustrates the security tokenization 

process. In utility tokenization, utility tokens are not necessarily backed by assets 

offered by the token issuer. Instead, utility tokens are backed by products, services, 

impacts, rights, and rewards offered by the token issuer and the associated 
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infrastructure facilities. Utility tokens are issued in ICOs. Many ICOs don’t fall into 

existing regulatory frameworks. Figure 7-5 illustrates the utility tokenization process. 

Cryptocurrencies were the early examples of tokens issued on the blockchain dating 

back to 2009. Stablecoins appeared after 2016. CBDCs are being explored by central 

banks across jurisdictions. The concept of issuers of payment tokens is not as clear as 

security or utility tokens. In the case of CBDCs, the governing authority like the central 

bank is the issuer. However, in the case of cryptocurrencies and stablecoins, the issuer 

can be a blockchain community managed by a decentralized DAO, predefined codes, or 

a centralized entity. Payment tokens also face regulatory obstacles like utility tokens. 

Figure 7-6 illustrates the payment tokenization process. 
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Figure 7-5.  The process of security tokenization. 

 

Figure 7-6.  The process of utility tokenization. 

 

Figure 7-7.  The process of payment tokenization. 
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7.3 Models 

7.3.1 Tokenization of Security 

7.3.1.1 Infrastructure equity tokenization 

Instead of directly investing in infrastructure projects (assets), corporate finance 

(equity) investors gain exposure to infrastructure through investing in corporations doing 

business in this sector. Corporate equity finance can be divided into public equity 

finance and private equity finance. Public equity finance is an investment in publicly 

traded infrastructure corporate equity or listed infrastructure funds, exchange-traded 

funds (ETFs), trusts, or indices. Private equity investors provide capital to directly or co-

invest in unlisted infrastructure corporate equity (e.g., private equity of solar plant 

developers) or unlisted infrastructure funds (Croce et al., 2015). Equity investment in 

project finance is direct or co-investment in infrastructure project equity, which is 

commonly seen in private and PPP projects. Project equity investors can be categorized 

as strategic investors and financial investors. Strategic investors are interactively 

engaged with the management, development, or operation of the infrastructure project, 

such as project developers and engineering, procurement, and constructors (EPC) 

contractors. Financial investors focus on the capability for cash-generating and earnings 

growth of their investments while not engaging in the ancillary business of the project, 

such as pension funds and insurance companies. Investors can also invest in public 

equity on the project level by purchasing YieldCos.  

Tokenization of equity refers to the creation and issuance of digital 

(cryptographic) tokens which represent equity shares in a corporation or organization, 

which is the tokenization of a digital return swap contract. Tokenized equity is derivative 
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of the underlying equity. The value of the tokenized equity is based on the underlying 

asset, in this case, it can be publicly traded private equity. It is collateralized by an 

equivalent notional amount of the traditional security (i.e., $100 of the equity derivative 

would be collateralized with $100 of the equity in the traditional format). In most cases, 

a custodian and an investment institution are involved in the process of converting the 

equity in its original format to tokenized tokens. The investment institution is responsible 

for purchasing the underlying stock and the custodian keeps it as a reserve. Based on 

the equity preserved in reserve, tokens are issued on a blockchain platform. This allows 

tokenized equity to mirror the economic performance of the applicable reference 

traditional securities. Equity tokens are issued and maintained in a digital form on a 

blockchain. Financial information of these tokens (e.g., transfers and settlements) are 

recorded on the blockchain. Equity tokenization connects the conventional stock market 

and the crypto market without needing to use a traditional stockbroker.  

Tokenization of listed equity 

In infrastructure finance, equity of corporations in the infrastructure sector, both 

listed and unlisted; funds investing in infrastructure corporations or in projects (direct 

investment); infrastructure financing vehicles, such as REITs, IITs, and YieldCos can be 

tokenized. Under the current financing system, investment in infrastructure corporation 

stocks listed on the stock exchange is only available for international institutional 

investors and retail investors with access to the local stock market. Retail investors and 

SME investors in other countries don’t have access to some investment opportunities as 

they wish (i.e., it is very difficult for an individual investor in Pakistan to purchase a 

share of American Tower to diversify his investment portfolio with good-performance 
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infrastructure corporations in the U.S. market and earn dividends regularly as a source 

of income. If stocks of the American Tower were tokenized and listed on token 

exchanges, they could be available to investors worldwide (depending on jurisdictions’ 

regulations). Tokenization should unlock additional efficiency gains in developing 

countries’ less-established stock markets with limited liquidity. The fractionalization 

enabled by tokenization allows investors who would not ordinarily be able to afford 

shares in high-profile infrastructure companies or infrastructure funds to buy fractions of 

digital shares that represent the real shares. They are therefore able to invest what they 

couldn’t afford in the past. Stocks of American Tower have been trading above $200 

since 2020. The tokenization would allow trading one-tenth, one-hundredth, or even 

smaller fractions of the original stock. When the barrier to entry to infrastructure 

companies’ stock is as little as a few dollars or even less, they are more accessible to 

retail investors. In most jurisdictions, stock markets are only open a few hours a day and 

five days a week (except on holidays). While markets of tokenized equity are available 

twenty-four hours a day and seven days a week, which can meet the trading 

requirements of global investors. By programming and executing smart contracts, 

tokenized listed equity eliminates the need for the use of intermediaries and automates 

the distribution of dividends or votes. From the perspective of investors, they are offered 

more qualified infrastructure investment opportunities worldwide. From the perspective 

of infrastructure corporations, tokenization expands their base of investors. Rapid 

settlement and clearing of transactions of tokenized equity can also bring efficiency 

gains to token issuers and investors. 
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Even though the tokenization of public equity can bring some benefits to facilitate 

infrastructure development and investment, there are some concerns. The adoption of 

tokenization in equity markets of developed economies, which enjoy high levels of trust 

and are supported by fast, safe, and efficient processes may not be sufficient to justify 

the transition to DLT-based systems as there are very few net incremental efficiencies 

gains achievable, as compared to the cost of upgrading the infrastructure and systems 

of all market participants. For large-scale listed infrastructure corporations and funds 

which can raise capital efficiently in the traditional markets, it is less likely for them to 

the tokenization route. In most cases, they put more weight on risks rather than 

economic benefits brought by innovations. Regulation uncertainty is another obstacle to 

overcome to realize the benefits brought by tokenization. Tokenized TESLA stocks were 

available on Binance.com in April 2020. However, are no longer available for purchase 

on Binance.com. July 16th, 2021, as financial regulators around the world are putting 

pressure on the firm. It is unlikely that tokenized listed equity would become a viable 

option to facilitate infrastructure development and investment in the near future. 

Tokenization of unlisted equity  

Direct unlisted equity investment refers to investments made directly in unlisted 

stand-alone infrastructure assets (often project finance). Major investors can be project 

developers, EPC contractors, large sophisticated institutional investors (e.g., pension 

funds, insurance companies, and sovereign wealth funds), and unlisted infrastructure 

investment funds. Retail investors lacking the capability to perform due diligence and 

resources to direct investment were historically prohibited from this investment 

instrument under the current financing system. In the most privatized infrastructure 
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sector, energy, SMEs and start-ups contribute significantly to this sector. Unlisted 

infrastructure equity funds also provide a channel of investment into direct infrastructure 

assets (often project finance) for institutional investors. Institutional investors participate 

in unlisted infrastructure funds as limited partners (LPs). The fund is managed by the 

general partner (GP) of the fund, often an investment bank or investment management 

firm. The general partner is responsible for investing capital commitments to the fund in 

various infrastructure assets on behalf of the LPs. For public projects, project finance 

instruments are the most common form of investment; however, private equity stakes in 

corporate structures are also possible. Investments in unlisted equity are illiquid. 

Investors generally are expected to lock up their capital for the long term due to the lack 

of secondary market access. High costs and a large number of intermediaries 

associated with transaction dealing allow only institutional investors to participate. Since 

deals are made in private, transparency is also criticized.  

Private placements of equity of SMEs are examples of security transactions that 

are traditionally restricted to only venture capital, funds, and institutional investors. It is 

not economically feasible for SMEs valued at less than $50 million to raise capital from 

the open market through IPO to engage a much larger investor base under the current 

financial models. Owing to the disintermediation enabled by tokenization realized 

through the automation brought by smart contracts and a trustless environment in the 

blockchain network, lowered equity issuance costs result in much-lowered barriers to 

entry. Through tokenization, SMEs and start-ups valued at less than $50 million could 

issue equity tokens to offer to sell to raise capital in the open market. By granting them 

more access to raising capital, it could further help them to develop their businesses 
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and facilitate the renewable transition. From an investor’s perspective, by tokenizing 

illiquid private placements of equity of SMEs into liquid and highly tradable tokens, it is 

much easier for investors to exist. The fragmentation enabled by tokenization lowers 

barriers to entry for retail investors. Therefore, tokenization helps them to gain access to 

the unlisted equity of infrastructure companies that have been otherwise beyond their 

capacity. Investment in unlisted companies in the infrastructure sector is now available 

to both retail and institutional investors worldwide. Private placement of non-listed SME 

equity is considered one of the most suitable implementation scenarios for tokenization 

(Nassr, 2020). The flow of private financing from capital owners to small corporations 

could be facilitated, allowing for a more efficient allocation of capital within the economy 

and increasing inclusiveness not just for the investor side but also for seekers of capital 

unable to access capital markets otherwise. Information associated with tokens, such as 

the identity of investors, holdings, and other related transactions, can then be made 

public in virtual ledgers, allowing for full transparency and security.  

Strategic investors (e.g., project sponsors and EPC contractors) and financial 

investors (e.g., pension funds and insurance companies) have access to directly invest 

in infrastructure at the project level. Strategic investment requires interactive 

engagement with the project. For institutional investors, the existing financing 

instruments have been considered efficient when capital is substantial, and the 

investment horizon is sufficiently long. Stability and safety are major factors to be 

considered by Institutional investors. The additional efficiency gains brought by 

tokenization should be carefully evaluated and adjusted for risks. Tokenization can 

broaden the financial investor base by including retail investors, as invested amounts 
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and holding periods can be reduced and thus become more accessible. However, the 

structure of the investment should be carefully designed, as most retail investors don’t 

have the necessary resources and expertise to participate in direct investment. For 

private projects (e.g., solar plants), this would be much easier to be realized. When it 

comes to PPP projects, it is pending regulations and public entities’ approval. It is worth 

mentioning that, once equity is tokenized, the boundary between listed and unlisted 

security becomes less clear because tokens are highly tradable. But it doesn’t mean all 

equity tokens are equal. Depending on the specific requirements and the needs of the 

developers, contractual conditions should be well defined before token issuance and 

programmed into smart contracts. 

Infrastructure private equity funds are major financiers of infrastructure projects 

and companies. These funds generally take the form of limited partnerships managed 

by GPs who raise capital from investors, invest alongside these LPs to identify and 

select portfolio investments, and usually have a significant level of engagement in the 

management of the fund. Nearly all successful secondary transactions involve the 

selling investor working closely with the GP during the sales process. This is because 

the majority of fund agreements require the consent of the GP in order to transfer the 

interests in the fund. High costs and significant GP involvement in the secondary sales 

process tend to limit secondary sales to only large LP stakes in large-cap funds, 

allowing only institutional investors to participate. The very limited secondary trading 

opportunities contribute to the illiquidity of these funds. By introducing tokenization, GPs 

can choose to issue a portion of their primary fund shares via tokenized LP interests. 

This tokenized portion would appear as a single LP to the GP to be invested by a group 
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of smaller investors. These smaller investors could then be able to trade their tokenized 

LP interests based on a set of secondary trading requirements set by the GP during the 

primary issuance. By enabling secondary trading, liquidity premium can be unlocked. 

Besides, with smart contracts, compliance rules can be programmed into the token 

protocol to ensure only allowable types of investors can purchase the security token 

which could bypass the regulatory compliance restrictions. Programming rules into the 

protocol smoothen the process, enabling a liquid marketplace to form. Tokenization 

transforms fund units into virtual tokens, investors are able to conduct traditional 

investments, as well as have the opportunity to trade their tokens for immediate returns 

and liquidity. This same opportunity exists for fund managers, who can deal with 

potential illiquidity issues by trading new/existing tokens, and thus broaden their 

investment portfolios. Tokenized funds can also help ensure investor protection and 

transparency. To this end, tokens can be listed in secured digital ledgers that allow all of 

their trades to be monitored, while also storing information about the holders of the 

tokens and all executed transactions. 

7.3.1.2 Infrastructure debt tokenization 

Loans and bonds form the largest categories of infrastructure finance, mirroring 

the broader fixed income markets: global debt markets are the deepest capital markets 

in the world. Debt instruments have historically comprised 70-90% of the total 

capitalization of infrastructure projects (Croce, et al., 2015). Infrastructure’s capital-

intensive nature, generally low-to-manageable operating risk, and the long-term 

importance of infrastructure services can help to support higher levels of leverage than 

similarly rated non-financial corporations. Infrastructure debt finance instruments can be 
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structured to have long-term maturities that extend over the life of long-term assets. 

Debt financing can be provided through multiple instruments: syndicated loans, 

municipal bonds, project bonds, corporate bonds, or asset-backed security (ABS). In 

greenfield projects, there are typically two types of debt financing: project loans 

(predominant) and project bonds (smaller volumes although increasing), with 

mezzanine or subordinated debt added to provide credit support to lead lenders. For 

brownfield assets, institutional investors are able to invest in long-term bonds that are 

linked to the infrastructure company (Croce and Yermo, 2013). 

Tokenization of infrastructure loans. Infrastructure loan finance can possess a 

high level of customization and be tailored to fit the demands and preferences of certain 

investors. Loan repayment terms, coupons, and structure can be adjusted to reflect the 

requirements of the project over the course of the loan’s life. Loans may be issued 

through a corporate finance structure or through a project finance entity. The syndicated 

loan is one of the most commonly used instruments in infrastructure finance, originated 

by commercial or development banks, either directly sold to investors in syndicated loan 

markets, or through co-investment arrangements participated by institutional investors. 

In the banking model of infrastructure finance, loans are being originated by a lead 

underwriting bank, or a consortium of banks, and syndicated amongst financial 

institutions and investors. The current infrastructure loan financing models require high 

specialty and capital intensity from lenders, which limits participants to banks and 

institutional investors only. Besides, concerns exist amongst market participants 

regarding the tradability and liquidity of infrastructure loans. Under the current 

centralized financing system, borrowers and lenders have to go through various trusted 
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intermediaries to process loans and transactions, which is the reason for the long deal 

processing time and high financial costs.  

By tokenizing loans in its original format into cryptographic tokens and leveraging 

the blockchain technology, it becomes possible that DeFi to make breakthroughs in the 

lending market. DeFi is an umbrella term for P2P financial services built on 

decentralized technologies (blockchain). In DeFi, smart contracts replace centralized 

financial institutions (e.g., central authorities and banks) to enable transactions made 

directly between participants. DeFi revolves around decentralized applications, also 

known as DApps, which run exactly as programmed and execute based on predefined 

conditions. DAO plays an important role in DeFi. It is formed by individual participants 

and cooperates according to transparent rules encoded on the blockchain, eliminating 

the need for a centralized, administrative entity. The function of DAO is to fundraise, 

manage financial operations, and decentralize governance to the community. In DeFi, 

the markets are always open and there are no centralized authorities who can block 

payments or deny access (decentralized exchange). Services that were previously slow 

and at risk of human error are automatic and safer now that they're handled by code 

that anyone can inspect and scrutinize.  

The integration of tokenization, DeFi, and infrastructure loan finance forms a new 

financing model. Project developers, who are the entities seeking to raise capital 

through borrowing to finance an infrastructure project, submit an application on dApp. 

The application contains information of the borrower, descriptions of the project, the size 

of the required investment, financial projections, and other kinds of data needed for due 

diligence and risk assessment. Lenders (potential investors) who are interested in the 
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infrastructure asset form a DAO to decide whether to approve the application. The 

governance of the DAO is through the voting of members. Voting power assigned to 

members is determined by the weight of capital contributed to the loan pool. An agent 

representing the DAO signs contracts with the borrower. Voting is processed on the 

dApp developed for the project. The lending process also follows the concept of 

collateral. Depending on whether the project is financed through project finance or 

corporate finance, the future cash flow of the project or assets of the corporation is 

determined as collateral. Once loan documents between the borrower and lenders are 

approved and signed by both parties, smart contracts are programmed, which automate 

the loan serving once predefined terms are met.  

By introducing blockchain and tokenization to infrastructure loan finance, 

financial institutes and institutional investors are no longer the only lenders to provide 

capital. The loan pool in DeFi can access funds deposited from all over the globe, 

including retail lenders’ capital. This makes loans more accessible and improves 

interest rates. Once loans are converted into security tokens, the unlocked secondary 

trading opportunities improve the liquidity of the loans. The loan tokens are available to 

trade 24 hours a day and seven days a week. Trading on decentralized exchanges is 

also an option, which offers cheaper listing fees and safer asset custody. In theory, DeFi 

lending works without either party having to identify themselves. Unlike in the 

centralized finance system, participants have to hand over their information to a trusted 

entity (bank). Borrowers and lenders can protect some of their private information after 

project-specific identification requirements are met. DeFi market participants always 

keep custody of their assets and control of their personal data. Defi lending processes 
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have the most significant advantage of fast processing speed. With fewer intermediaries 

involved and the automation enabled by smart contracts, the time consumed on 

processing loans is expected to be much less. On the public blockchain, every 

transaction is broadcast to and verified by other users on the network. This level of 

transparency around transaction data not only allows for rich data analysis but also 

ensures that network activity is available to any user. DeFi protocols running on the 

public blockchain are also built with open-source code that is available for anyone to 

view, audit, and build upon. Tamper-proof data coordination across a blockchain’s 

decentralized architecture increases security and audibility. 

The Defi lending introduced above is just one potential application of blockchain 

and tokenization in infrastructure loan finance. It is very likely that other forms of 

blockchain-based infrastructure loan finance models will be developed along with the 

development of the technology.  

Tokenization of infrastructure bonds. Bond markets are a large source of 

finance for infrastructure projects: government bonds, corporate bonds, projects bonds, 

and green bonds are all common infrastructure finance bond instruments. Government 

bonds have long been a traditional source of finance for public infrastructure. Issues are 

sponsored by federal governments, municipal governments, and sub-sovereign entities 

such as multilateral development banks (e.g., World Bank, Asian Development Bank). 

Government bonds are backed by the taxing authority of the issuer or payments directly 

linked to infrastructure projects. Special tax treatments of government bonds can keep 

borrowing costs low, which facilitates public financing applied to infrastructure. 

Corporate bonds finance the balance sheets of infrastructure corporations. Risks are 
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determined by issuing entities’ ability to service the bond. Listed infrastructure 

companies are the primary issuers. Project bonds are issued by a project company SPV 

to finance individual stand-alone infrastructure projects. Project bonds are most often 

used during the operational phase when construction risk has ended, and the project 

starts to generate positive cash flow (brownfield investment). Project bonds are 

considered riskier than corporate bonds due to risks being higher for any individual 

project compared to a diversified portfolio of projects. Green bonds have played an 

increasingly important role in sustainable infrastructure finance. From the perspective of 

finance, the modalities of green bonds and other bond instruments (i.e., government 

bonds, corporate bonds, and project bonds) are essentially the same. Green bonds are 

important due to their potential to facilitate the renewable transition and their growing 

prominence and appeal to investors. ESG criteria can be integrated with the investment 

management process. 

The current bond issuance process is highly fragmented and involves 

complicated workflows. HSBC has identified 2,500 steps across the stages of a bond 

issuance workflow (HSBC, 2019). High bond issuance costs due to a large number of 

intermediaries involved to proceed (e.g., regulatory, certification, transactions, reporting, 

verification, and settlement) limit returns and the size of issuance. The current bond 

issuance relies on manual handling with little-to-no automation preventing real-time 

visibility and data processing. The minimum investment required to purchase a single 

bond is about $1,000, though bonds are generally sold in $5,000 increments, which 

hinders the participation of retail investors. There are typically no liquid and transparent 

secondary markets for retail investors in the current bond market. 



 

157 

 

The tokenization of bonds has been tested and implemented by many institutions 

and corporations, such as World Bank, HSBC, Santander, and UBS (Malamas et al., 

2020). It is one of the most applied use cases of security tokenization. They have been 

pilot projects for the tokenization of common bond instruments applied in infrastructure 

finance such as government bonds, corporate bonds, and green bonds. No tokenized 

project bonds have been witnessed at the time of writing. From the financial and 

technological perspectives, the tokenization of different types of bonds is similar. The 

process of a commonly applied bond tokenization is analyzed here.  

In order to tokenize bonds, the infrastructure project developer (bond issuer) 

creates legal documents for the bond. Once the documents are approved by regulators 

and other involved entities, rules defined by the documents are encoded and preserved 

in smart contracts, which define the proceeding process and the rights of stakeholders. 

The bond issuer interacts with smart contracts to set the system in motion. The 

underlying assets (bonds) are safeguarded by a trusted custodian in the off-chain world. 

Tokens representing bonds are created on a blockchain and sent to the issuer’s wallet. 

Off-chain interfaces are important in enabling the move of traditional financial 

instruments from legacy databases to blockchains at present. Activities of tokens are 

stored on the blockchain, allowing information to be validated in an observable and 

auditable format. For tokenized bond purchasers, their investments are stored with an 

off-chain custodian. Money tokens (stablecoins) are minted and sent to the purchasers’ 

wallets. By applying hashed time-locked contracts in the delivery-versus-payment (DvP) 

settlement, transactions are settled atomically without the need for any trusted 

intermediaries. Settlement takes place simultaneously across the entire holding chain, 
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improving asset mobility while removing counterparty risk from the process. Tokenized 

bonds can be traded in secondary markets or transferred in a P2P manner. Tokens are 

made highly divisible; the face value of tokenized bonds can be much less than the 

bond in the conventional format. By using smart contacts, corporate actions, such as 

redemption and coupon payments, can be automated. In terms of green bonds, 

information about the green impact of the underlying financing (e.g., the amount of 

green energy generated and CO2 emissions reduction) and other ESG considerations 

can be recorded through oracles on blockchains immutably and available for internet 

users. Over the bond lifetime, investors can track data on finance and green impact in 

real-time. It is worth mentioning that the tokenization of bonds remains nascent. Further 

development and application might be different from how it is applied in existing use 

cases and projected in the future due to the uncertainties associated with the 

technology and the regulatory environment. However, the trends toward financing in a 

more decentralized and democratized manner are certain and keep rising. 

Smart contracts within blockchain-enabled architectures optimize the process of 

bond issuance, distribution, trading, and servicing. The self-executing capability of smart 

contracts safeguards trust among entities involved and removes various intermediaries, 

such as listing agents and brokers. As a result, the roles of centralized finance entities 

(e.g., banks) and costs associated with these entities are reduced. Cost reduction of 

bond issuance would enable smaller projects (e.g., renewable energy projects) to issue 

bonds to raise capital. Furthermore, automated smart contracts replacing labor-

intensive manual issuance processes can increase the speed of execution. According to 

a report from the BIS innovation hub, the bond preparation and origination phase can be 
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reduced by an estimated 50% from 1-2 months to 2-4 weeks by introducing tokenization 

and an estimated cost saving of at least 18 bps (0.18%) for a green bond with the size 

of HKD 20 billion (BIS, 2021). Once data is immutably stored on public blockchains, the 

real-time access to the actual state of the bond preparation and origination granted to 

participants increases the overall transparency. Tokenization also enables bond issuers 

to access a broader investor base including international and retail investors due to 

potential improvements in secondary market trading. The ease with which bond 

purchasers can access infrastructure bond finance by just opening a token wallet 

encourages their participation. Tokenization’s fractionalization further lowers barriers to 

entry. With tokenization, “Do it Yourself” bond platforms become possible. Issuers can 

create tokenized bonds at a low cost through STO and have them listed on token 

exchanges. This would enable smaller entities, such as communities and small 

infrastructure developers to issue bonds without the need for costly full-service offerings 

by banks.  

7.3.2 Tokenization of Utility 

Infrastructure has been traditionally funded and financed by the public sector. 

Only a limited proportion of infrastructure projects are under private ownership. Projects 

with predictable cash flows and clear returns on investment are able to attract private 

entities. Private infrastructure projects purely developed by private developers are 

limited to certain sectors, such as telecommunication, water, energy, and transportation. 

Through PPP, private entities can be engaged in public projects paid by availability 

(government spending) or usage charge (user spending). Budget constraints 

confronting the public sector suggest that infrastructure financing may move towards 
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PPP and private investments. However, investment opportunities are only available to 

some institutional investors, and the revenue sources that can be utilized are scarce. 

There are also increasing demands for projects with positive impacts, which are not 

effectively addressed by the current infrastructure financial system. This explains why 

projects available for private capital are limited and the financing gap is widening. On 

the other hand, private capitals seeking qualified investments are abundant. If new 

business models and innovative financing instruments can be developed to tap more 

revenue sources and enlarge the investor base, private capital can be better utilized to 

close the gap.  

Utility tokens, offered by issuers, grant access rights to products or services to 

token holders, primarily used within a blockchain-based ecosystem. This type of 

tokenization creates novel platforms for exchanging both financial values and non-

financial values. Companies (including start-ups and SMEs) can raise capital from the 

public market by selling tokens in ICOs. Utility tokens offer access to certain values; 

however, it is not entirely guaranteed. Scammers found this opportunity to raise money 

and exit without offering the promised services or products. Unlike security tokens are 

regulated by existing security laws, most jurisdictions don’t have any regulatory 

framework for utility tokens. The value of security tokens is determined by the 

underlying security while the value of utility tokens is mainly determined by the faith of 

token investors in the issuing company and its products or services offered. Utility token 

offerings account for the most token offerings since 2015. There have been tens of 

thousands of utility tokens offered. Utility tokens have already offered some practical 

solutions in some cases at a small scale and show the capability to create new business 
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models to drive up economic growth and facilitate sustainable development. Exploration 

of utility tokens’ attributes is currently being done through trial and error, and 

innovations around how to apply them appropriately continue for years to come. 

Utility tokens issued by infrastructure projects represent the access to services, 

products, rewards, or impacts provided by project developers or associated with the 

underlying facilities. The utility that can be tokenized is very diverse, including electricity, 

tolls, PPA, data, access to platforms, voting rights, and impact. In theory, utility tokens 

can represent any form of value (except security) issued on a blockchain. Utility 

Tokenization puts financial values on social, environmental, and economic resources 

that were previously too difficult to quantify and prove. Hampered by strict regulations 

and rigid issuance structure, the number of STO projects is much less than ICO 

projects, which also applies to the infrastructure sector. By tokenizing utility, not only are 

underlying assets expanded but new business plans can also be reinvented to make 

more projects financially feasible and engage investors who were excluded from the 

conventional infrastructure financing system. Many projects have been designed to 

digitize and improve current marketplaces through new financial models. In the 

meanwhile, others attempt to create new marketplaces around unrealized nonfinancial 

values such as natural capital and data. New tools can be developed to attract more 

investments or for other purposes, encourage more socially and environmentally 

responsible behaviors of investors, facilitate the renewable transition, and mobilize 

investments toward the SDGs. Utility tokenization is considered one of the most exciting 

applications to close the infrastructure finance gap and even revolutionize the current 

financing system. In some cases, utility tokens can be changed to security tokens or in 
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the opposite direction once the underlying assets change. For some ICO projects, the 

developer claimed that utility tokens in circulation backed by access rights to its platform 

would represent the equity of the company. If it happens, the claimed utility tokens turn 

into security tokens. To some degree, the flexibility offered by utility tokenization is at 

the expense of high failure rates for developers and risks for investors since participants 

are exploring new technology in an emerging field in an unregulated environment. The 

existing and potential applications of utility tokenization of infrastructure are analyzed in 

the following paragraphs.   

7.3.2.1 Utility tokens backed by products 

Utility tokens can be backed by products provided by the token issuer. By 

purchasing tokens, investors can use the products. Capital raised in the ICO is applied 

to further develop the business of the token issuer and its projects. Electricity sales are 

the primary revenue stream (in some cases, they are the only revenue stream) for 

energy projects to have the project financed at the beginning. Smart Energy Tokens are 

utility tokens issued by WePower, a renewable energy procurement and trading 

platform founded in Lithuania (WePower, 2021). Smart Energy Tokens represent 

fractional ownership rights and obligations obtained under the PPA. Smart Energy 

Tokens are offered to both institutional and retail investors and can be traded P2P or in 

secondary markets. GRID tokens are utility tokens deployed on the Ethereum 

blockchain issued by Grid+, an American company conducting business in the eventual 

energy-sharing marketplace and commercial electricity retail (GridPlus, 2021). Each 

GRID token is a credit on the Grid+ platform, redeemable by customers of the Grid+ 

platform for the right to purchase 500 kWh of electricity at the wholesale price available 
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to Grid+. GRID tokens were offered in ICO in 2017. Not only can energy projects 

tokenize electricity (products) to raise capital, but other revenue-generating 

infrastructure, such as toll roads and water treatment can also tokenize their utilities to 

support the financing of the projects. However, there haven’t been any use cases found 

other than energy infrastructure at the time of writing. 

7.3.2.2 Utility tokens backed by services 

Utility tokens can grant token holders access rights to use services offered by 

token issuers. POWR tokens are utility tokens deployed on the Ethereum blockchain 

issued by Powerledger, an Australian company founded in 2016 (Powerledger, 2021). 

POWR tokens allow application hosts and participants to use the platform that enables 

P2P energy trading and allows participants in local areas to sell and distribute solar 

power to their neighbors. Users can only access the platform by owning and spending 

POWR tokens. POWR tokens are listed on over 20 token exchanges worldwide 

available for investors to trade. MWAT tokens are utility tokens issued by Restart 

Energy, a Romanian company founded in 2015 (Restart Energy, 2021). MWAT Tokens 

holders are given access to the Restart Energy Democracy (RED) Platform to trade up 

to 1 MWh of energy per month. Tokenized energy traded on the RED Platform can be 

physically delivered at local rates in countries with deregulated energy markets. 

Tokenized services are available for primary and secondary. Infrastructure companies 

are able to get funds from the token market to support their business in advance. There 

are other utility tokenization projects in infrastructure investigated by Tian et al. (2022c). 

All existing projects are in the energy sector. Utility tokens issued in most projects 

represent the access right to electricity-related trading platforms. In these cases, utility 
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tokens facilitate energy trading and the development of more intelligent energy trading 

or operating systems.  

7.3.2.3 Utility tokens backed by rights 

Utility tokens can also represent rights, such as voting rights in DeFi or dAPPs. 

Token holders can vote for their needs in a decentralized environment. Silta tokens are 

issued by Silta, a start-up bridging Defi with infrastructure finance. The owner of Silta 

token can approve or disapprove project applications requesting project loans in a DAO 

formed by Silta and infrastructure investors. Utility tokens can also serve as a new tool 

for community governance. Tokens embedded with certain rights of the infrastructure 

facility can be distributed to neighboring residents, who serve as special shareholders to 

influence the planning and future operations of the project through voting rights 

assigned by the project developer or the local government. 

7.3.2.4 Utility tokens backed by rewards 

Rewards can be tokenized into utility tokens to create behavior incentives to 

support infrastructure development. Rewards-backed utility tokens supported by the 

government can give novel tools of governance to communities, such as the 

development of incentive mechanisms around public projects or common objectives. 

These tokens can also be used as incentives in private projects for motivation or 

compensation purposes to facilitate results-based financing schemes. In a data 

recording case, by uploading validated data onto a blockchain, data imputers and 

validators are rewarded with utility tokens, which can be exchanged for crypto or fiat 

currencies as economic benefits. Data-consumption parties who pay for these tokens. 

The use case of rewards utility can be applied in a broader context. SolarCoin is a 
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payment token designed to facilitate solar photovoltaic facility installation deployed on 

the SolarCoin blockchain (SolarCoin, 2021). It was an open community project run by 

the SolarCoin Foundation, a Delaware-based US Public Benefit Corporation. SolarCoin 

is one of the earliest utility tokens offered to the public. The foundation distributes 

SolarCoin to generators of solar electricity using verified solar facilities at the rate of one 

SolarCoin per one megawatt-hour (MWh) of solar energy produced. SolarCoin serves 

as a direct incentive to reward solar energy producers and encourages the development 

of solar infrastructure facilities and the transition to clean and renewable energy. 

SolarCoin can be used as a means of rewards and payment. Some utility tokens issued 

share common characteristics of currency as a medium of exchange.  

7.3.2.5 Utility tokens backed by impacts 

Social, environmental and other impacts can be also tokenized into utility tokens 

to support infrastructure development while having the potential to mobilize investments 

toward the SDGs. Impact tokens are backed by verifiable and measurable impacts, by 

providing digital proof that impact investments deliver specific desired outcomes, impact 

tokens can become valuable assets (Uzsoki and Guerdat, 2019). New financing models 

based on verified outputs can be developed. Therefore, investments from the public and 

private sectors to projects with positive impacts are expected to increase. EFFORCE 

tokens (WOZX) are utility tokens issued by EFFORCE, an Italian energy company 

(Efforce, 2021). WOZX tokens function as the medium through which energy savings 

created on the EFFORCE platform are tokenized for use by any participant. Like carbon 

credits, the tokenized energy credits on the platform can be freely traded. For private 

investors and developers, impact tokenization enables them to achieve economic goals 
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and make positive impacts. From the public sector’s perspective, they can use impact 

tokens to stimulate positive social and environmental impacts and to allocate resources 

and shift society to move in a more desired direction (e.g., SDGs, global energy 

transition).  

7.3.3 Tokenization of Currency 

The fiat currency-based system has been the dominant payment system in 

infrastructure finance. It offers an essential and relatively stable environment for 

financial activities to occur. In economic downturns, new fiat currencies issued by the 

government are used in infrastructure projects to stimulate economies and create jobs. 

Fiat money gives governments greater control over the economy because of the 

authority to decide the amount of money in circulation. Fiat currency is backed by the 

trust in the centralized entity issuing it. If the issuing entity loses its trust, the value of fiat 

currency and the associated financial system are significantly impacted. Excessive 

money printing results in hyperinflation like what has been seen in 2022. User charges 

and payments in infrastructure projects need to be inflation-adjusted. When it comes to 

cross-border transactions in international projects, currency risk needs to be considered 

and adjusted. In the conventional fiat currency-based infrastructure payment system, 

multiple levels of intermediaries (e.g., banks) are required, which results in higher costs 

and extended processing time.  

Since the advent of bitcoin and the blockchain, a form of money has garnered the 

attention of the world in recent times. Crypto tokens serving as a means of exchange 

like money are categorized as payment tokens (Ferrari, 2020). These tokens have been 

used as an alternative means of payment and exchange to smoothen the connection 
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(transactions) between on-chained (e.g., tokens backed by security or utility) and off-

chained (e.g., fiat currency, real assets, securities) value. Depending on the issuing 

party and whether the tokens issued are in a decentralized or centralized way, payment 

tokens can be categorized as cryptocurrencies, stablecoins, and CBDCs. 

Cryptocurrencies and stablecoins are issued by private entities while CBDCs are issued 

by governments. These payment tokens are explained as follows.  

7.3.3.1 Cryptocurrency 

Cryptocurrency is a type of digital currency that uses encryption to safeguard 

transactions built on a decentralized blockchain network. No regulating and issuing 

authorities are in the decentralized system. Network participants act based on a 

decentralized consensus to enable the network to function. Transactions of 

cryptocurrency immutably stored on a permissionless blockchain can be scanned by 

anyone with internet access. The main objective of cryptocurrencies is to be a 

decentralized tool for transactions eliminating traditional intermediaries and having no 

other functions, which is different from utility and security tokens. Cryptocurrencies only 

require investors to use digital wallets for transactions, which lowers the barrier to the 

banking and financing system. Transactions sent and received via wallet addresses 

also make anonymity possible. Some cryptocurrencies are even designed to be 

untraceable (e.g., Monero). One of the most famous cryptocurrencies is Bitcoin, 

invented by Satoshi Nakamoto in 2009. Since its advent, bitcoins have drawn great 

attention from the public. Cryptocurrencies are highly volatile in nature. The value of 

cryptocurrencies is determined by the demand and supply. The price of bitcoin went up 

from a few cents to $69000 in November of 2021. It is not uncommon to see some 
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cryptocurrencies lose their entire value overnight or the price goes up over 1000% 

within a few days. There are many contributors to this, such as immature markets, 

speculations, high potentials, and lack of regulations. Cryptocurrencies were considered 

to replace fiat currency, act as gold as a store of value, revolutionize the financial 

system, etc. Some of these values have been proven by the market while others are not 

over time. The debate on what roles cryptocurrency can play in the future is heated 

during the same time it keeps evolving. Cryptocurrencies have been applied in 

infrastructure tokenization projects as the means of alternative payments. The 

exchange between tokenized assets on chain and cryptocurrencies is more efficient 

compared to fiat currencies. However, price fluctuations of cryptocurrencies cause new 

issues in protecting the positions of asset owners and token investors. All tokens issued 

in infrastructure tokenization projects can be purchased by bitcoin. Some companies in 

the infrastructure sectors issue their own cryptocurrencies to raise capital to support 

corporate activities or project development, such as SolarCoins, SolarWind tokens, 

Soalrex tokens, and SunContract tokens. All of these projects have lost popularity 

gradually over time after their ICOs. Considering the small scale of infrastructure 

finance (compared to the overall finance system), it is highly unlikely that a continuously 

operating cryptocurrency system solely based on infrastructure-related activities can be 

established. Even though green finance and the renewable transition have drawn public 

attention, the scale is still not enough. Some tokens show both attributes of payment 

and utility. Classification has not been clear, which is a common phenomenon 

associated with infant technology. Establishing a decentralized financing system for 

infrastructure becomes possible with the support of cryptocurrencies. Due to the 
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attributes of blockchain, transactions cost associated with cryptocurrencies are lower. 

Nevertheless, if project stakeholders eventually need to convert crypto assets (e.g., 

tokens, cryptocurrencies) back to fiat currency, the overall transaction cost (gas fees 

and fees charged by exchanges) can be high.  

7.3.3.2 Stablecoins 

Unlike the price of regular cryptocurrencies like Bitcoin fluctuates, stablecoins are 

designed to hold a steady value minimizing price volatility, such as the USD Coin or 

Tether (USDT) are pegged to the United States dollar guaranteeing a one-to-one 

equivalence. Stablecoins are issued by banks (e.g., JP Morgan’s JPMCoin) for security 

settlement or by other private entities for value transfers. Compared to fiat currency, 

stablecoins enable more efficient on-chain transactions due to the nature of crypto at 

the same time avoiding price fluctuations. Token holders utilize stablecoins to remain in 

the ecosystem by holding the asset at a constant price. The value of stablecoins is only 

guaranteed by their issuing entities rather than the central banks. As a result, the risks 

associated with stablecoins can be high. UST issued by Terra lost its entire value in 

2022. Regulations on stablecoins are also missing in most jurisdictions. Compared to 

cryptocurrencies, stablecoins are more frequently used in infrastructure projects 

because the stable value avoids price fluctuations, which are additional risks to project 

stakeholders. Some projects use stablecoins developed on their own as the means of 

payment while others use established stablecoins like USDT or USDC. In theory, 

anyone can create his own stablecoins. The key problem is how to attract sufficient 

users and participants to keep the system operating. The BOLT tokens issued by Grid+ 

are the stablecoins facilitating transactions on the Grid+ platform, which is an eventual 
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energy-sharing marketplace and conducting business in commercial electricity retail. 

Each BOLT token is redeemable by Grid+ customers for $1 worth of energy from Grid+ 

and backed by USD deposits. Sparkz tokens issued by Powerledger are stablecoins 

used on the Powerledger platform, which allow P2P energy trading, enabling 

participants in local areas to sell and distribute solar power to their neighbors. One 

Sparkz token equals one Australian dollar. The application of stablecoins doesn’t 

necessarily initiate many changes in infrastructure financing mechanisms (e.g., financial 

instruments, business models), however, it assists and facilitates the transition from 

conventional finance to tokenization-based finance infrastructure as stablecoins are 

more efficient compared to fiat currencies when dealing with the off-chain and on-chain 

connections (transactions). 

7.3.3.3 CBDCs 

The introduction of cryptocurrency has created further interest in digital 

currencies backed by governments. CBDCs are a digital form of fiat money. CBDCs are 

tied to a country’s national currency issued by the central bank. Unlike traditional fiat 

currency has to be against payment service providers and commercial banks, CBDCs 

are the liability of the central banks and are directly influenced by their monetary policy. 

CBDC assets are issued and managed using more centralized methods compared to 

decentralized cryptocurrency. CBDCs are managed on digital ledgers but they might not 

require the blockchain or consensus mechanisms to exist. Transactions of CBDCs don’t 

need to pass banks, which shortens the processing duration and reduces associated 

costs. For the unbanked, CBDCs provide a new way to include them in the financial 

system and enable them to transfer money digitally. Many countries have been 
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exploring CBDCs. China is the first to authorize national CBDCs. Bahamas has 

launched a CBDC version of the Bahamian dollar, the Sand dollar. Nigeria is testing the 

eNaira. CBDCs are designed to make transactions more secure, cheaper, and faster 

(Bindseil, 2020). There haven’t been any infrastructure projects using CBDCs for 

payments since CBDCs developed by some countries are still in the early stages of 

development. If CBDCs would have been widely used or replaced the fiat currency 

payment system in the future, efficiency gains brought by CBDCs would also be 

witnessed in infrastructure financing just like how other sectors benefit from them. The 

application of CBDCs doesn’t necessarily initiate changes in infrastructure financing 

mechanisms (e.g., financial instruments, business models). CBDCs don’t have direct 

and specific impacts on infrastructure projects. 
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7.4 Applications 

7.4.1 Tokenization-enabled PPP Project Finance 

There are two main entities in PPP: the public sector entity, which organizes 

procurement; and the private sector entity, which is delegated to perform specific tasks 

on behalf of the public sector (Wang et al., 2018). The public entity can be public sector 

institutions at different administration levels (e.g., municipality or national government). 

Private entities are typically a syndicate of investors, comprised of equity sponsors and 

lenders organized in a SPV, along with EPC, and operation and maintenance (O&M) 

contractors (Li and Akintoye, 2003). Depending on the scheme of PPP, the private 

entity secures all or a portion of the financing to supplement potential public funding. 

Private-sector project-finance debt is provided from two primary sources: loans and 

bonds. Commercial banks offer long-term loans to project companies. The majority of 

institutional interest in project-finance debt is found in the bond market. Bondholders are 

typically long-term institutional investors. Bonds are tradable instruments offering 

theoretical liquidity. However, many PPP bonds are sold on a private placement basis in 

an illiquid environment. Equity investors for PPP projects are divided into two main 

categories, strategic investors and financial investors. Strategic investors are 

companies for whom investment is part of a strategy for securing their business as 

subcontractors (e.g., construction and O&M). Financial investors are interested in the 

investment and the internal rate of return (IRR) (e.g., insurance companies, pension 

funds, and infrastructure funds) (Alfen et al., 2009). The generalized contractual 

architecture of PPP project finance is illustrated in Figure 7-7. Equity investment in PPP, 

through the current financing system, is limited to a narrow set of large-scale 
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institutional investors, thereby leaving a significant amount of capital and resourses on 

the sidelines, which exacerbates issues such as illiquidity, barriers to entry, higher cost 

of capital, and a narrower set of projects being developed. 

 

Figure 7-8.  The contractual architecture of PPP project finance. 

 

By integrating tokenization and PPP project finance, an innovative infrastructure 

financing system can be developed. As in the current project finance structure, an SPV 

is set up and is responsible for managing the PPP project. The functionality of the 

token, whether defined as security (equity or debt) or utility (service or products), is 

determined by the project and the policy regime in which the project company operates. 

Theoretically, smart contracts can be generated to automate project governance and 

execution in a frictionless manner (e.g., regulatory requirements, policy on distributions, 
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voting of shareholders, etc.). Figure 7-8 shows the tokenization-enabled PPP project 

finance (Tian et al., 2022b). Tokenization has the capacity to mitigate some of the 

limitations inherent to conventional PPP project finance. The potential benefits brought 

by tokenization can be summarized into three categories: transparent project 

management, improved bankability, and enhanced inclusivity. Operational and financial 

information of the project can be automatically and immutably recorded on the 

blockchain. Through tokenization and the smart contract functionality, the operational 

and financial information on the project can be immediately made available to project 

stakeholders. Smart contracts allow for bi-directional instant transfer of funds and 

tokens by removing intermediaries without the need for a separate settlement process. 

The automation enabled by smart contracts reduces the cost of transactions and 

administration in project finance, which improves the bankability of PPP projects. 

Tokenization helps stimulate the consumption of sustainable services and goods by 

providing financial incentives to users and further improving the profitability and 

bankability of high-impact projects. Non-financial values (e.g., social and environmental 

impacts) can be monetized through tokenization to serve as an additional cash flow 

resource. From the investors’ perspective, tokenization enables fractional investment, 

promoting inclusiveness by offering financial access to individual and SME investors for 

infrastructure investment. However, there are some issues in the programmability and 

functionality of smart contracts faced by technology service providers, which need to be 

addressed. 
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Figure 7-9.  The tokenization-enabled PPP project finance contractual architecture. 
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7.4.2 Tokenization of Greenfield and Brownfield Investments 

Infrastructure investments can be distinguished as greenfield and brownfield 

investments based on the past use of the site (Taguchi and Sunouchi, 2019). Greenfield 

investments involve the development or construction of a new site. Project investments 

in infrastructure assets that existed before the time of procurement but are in operation 

at the time the investment is made are called brownfield investments. Greenfield 

investments are riskier, more time-consuming, and more costly than brownfield 

investments due to early planning and construction-related activities. Greenfield asset 

investors require higher returns to compensate for the extra risks born. After the 

construction period, projects are often refinanced to lower financial costs. Greenfield 

projects typically center on a design-build service, with financing, operations, and 

maintenance bundled in for certain deal structures (Sambrani 2014; Geddes and 

Reeves, 2017). Design-build (DB) projects combine two separate services with a single, 

fixed-fee contract for both architectural/engineering services and construction. Another 

type of Greenfield deal structure is the design-build-operate-maintain (DBOM) model. 

This structure adds operations and maintenance responsibilities to the design-build 

model in the form of a single contract with financing secured by the public sector. For 

Brownfield projects, one common deal structure is an O&M concession. In these 

agreements, responsibility for asset operation and management is transferred from the 

public sector to a private sector entity to enhance efficiencies and/or improve 

technology. Another Brownfield PPP model long-term lease. For example, the rights to 

collect tolls on an existing publicly financed facility are leased from the public entity to 

private entities. Such contracts are set on a competitive basis, with awards going to the 
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qualified bidder making the most attractive offer to the sponsoring agency (Babatunde 

et al., 2020). 

Tokenization can be applied in both greenfield and brownfield infrastructure 

investments. Depending on the specific project requirements and investors’ demands, 

the tokenization-enabled finance models are various. In general, greenfield investments 

are riskier than brownfield investments and equity investments are riskier than debt 

investments. Considering the limitations on resources and experiences, brownfield debt 

investments should better fit the risk appetite of retail investors, but they are not limited 

to this asset class. High-risk and high-return models fit better the appetite of investors 

who are also interested in cryptocurrencies which are famous for high risks and 

volatilities. In many existing tokenization cases in the infrastructure sector, project 

developers even sell tokens to raise funds in the very early stages before any projects 

are actually planned. Token issuers are selling their concepts and plan to token 

investors instead of an asset with values or future cash flows (Giudici and Adhami, 

2019). Token investors are expecting exponential financial returns to compensate for 

high risks. In terms of institutional investors, they have access to more tokenization-

based finance models in both greenfield and blockchain investments. Tokenization 

could significantly improve the liquidity of their brownfield investments. Generally 

speaking, regardless of retail or institutional investors, tokenization would be more 

frequently applied to brownfield projects as most token investors only expect financial 

returns instead of being actively involved in project development.  
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7.4.3 Tokenization and Conventional Financial Instruments 

Common infrastructure financing instruments are summarized and compared 

with tokenization-based finance. The comparisons are based on major advantages, 

disadvantages, availability, liquidity of investments, transparency, transaction efficiency, 

security, private sector engagement, and the capability to incorporate ESG factors. 

Table 7-1 illustrates the comparisons.  

Public grants, subsidies, municipal bonds, and sub-sovereign bonds are the 

funding sources and financial instruments applied in public infrastructure finance (Croce 

et al., 2015; Kumari and Sharma, 2017). The advantage of public grants and subsidies 

is that the project has no payback obligation once the fund is approved. However, public 

spending is subject to political influences and budgetary constraints (Badu et al., 2012). 

These challenges are exacerbated by the emergent pandemic spending and tighter 

financial regulations (e.g., Basel III) that have limited availability and access to 

traditional public capital sources to fund infrastructure (Badu et al., 2013; Ehlers, 2014)). 

Transparency of public spending is frequently criticized by the public. Liquidity 

evaluations are not applicable to these instruments. The internal-government transfer is 

considered secure and relatively efficient since only a limited number of public entities 

are involved. Private entities are involved in public spending. It is more convenient for 

public entities to incorporate ESG factors in their spending to promote activities resulting 

in positive impacts (Ng, 2021).  

Municipal and sub-sovereign bonds are commonly used in infrastructure projects 

supported by municipalities and sub-sovereign governments (Platz, 2009). Due to the 

high credit of the issuing entities, these bonds can enjoy low-interest rates and tax 
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benefits to attract investors. Municipal and sub-sovereign bonds are tradable on 

secondary markets, which gives them liquidity. As marketable instruments, 

transparency and transaction efficiency are acceptable. Municipal and sub-sovereign 

bonds are an important part of different investors’ portfolios. ESG municipal bonds have 

been seen in the markets and growing fast (Bruno and Henisz, 2022). 

Corporate bonds of infrastructure companies offer a higher yield compared to 

municipal bonds, which is welcomed by investors (Inderst, 2013). However, the higher 

yield is at the cost of higher risks (e.g., credit, event). Corporate bonds are one of the 

most known financing mechanisms in the market. Corporate bonds occupy the issuing 

companies’ debt capacity. The Par value of bonds is usually $1,000, which excludes 

some retail investors who want to participate. The liquidity, transparency, transaction 

efficiency, and security of corporate bonds issued by infrastructure companies are 

considered normal like other corporate bonds. ESG corporate bonds are one of the 

most discussed fields in finance (Polbennikov et al., 2016). 

Project bonds are the financing mechanism designed for infrastructure project 

finance. Applying project bonds can extend the debt capacity of the issuing company as 

these bonds are backed by the future cash flow of the project instead of the financial 

status at the corporate level (Tan, 2007). Project bonds can be designed to meet the 

specific needs of the project. However, the structure of project bonds is rather complex, 

and it takes a long time to process and involves a large number of intermediaries. Only 

the large-scale project can assess this financing mechanism and it is available for 

institutional investors. The liquidity, transparency, transaction efficiency, and security of 
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project bonds are considered normal like other bonds. The ESG incorporation is barely 

discussed.  

Commercial loans are one of the most ancient and commonly used financing 

mechanisms in financing infrastructure projects (Croce et al., 2015). Loans can be 

tailored to meet specific needs of projects and in different construction phases unlike 

capital raised from bond sales are paid in a lump sum and in advance. Considering the 

large amount, loans are often syndicated by involving multiple banks and financial 

institutions. As a result, the processing time is long and the cost of capital is high. 

Stakeholders of projects applying for loan financing don’t have obligations to reveal 

much project information. From the perspective of the other side, it is also the reason for 

being criticized for lacking transparency. The liquidity of the loan investments is low as 

no secondary trading opportunities are available. Fund transfers through banks are 

secure. Other than banks and certain financing institutions, other investors can’t be 

involved. It lacks incentives for banks and project stakeholders to incorporate ESG 

factors in infrastructure loan financing.  

Investing in listed corporate and fund equity in the infrastructure sector is the 

most convenient way for investors including retail investors to build a portfolio with 

exposure to infrastructure assets (Croce and Gatti, 2014). However, this kind of 

investment is limited to the corporate level but not the project level. From the 

perspective of project sponsors, only large-scale companies can raise capital by selling 

equity after an IPO. SMEs in the infrastructure sector don’t have this access. The 

liquidity of listed equity is the highest among all financing instruments. The 

transparency, transaction efficiency, and security of listed equity are considered normal 
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in highly regulated and long-lasting markets. The capability to incorporate ESG factors 

in listed equity investing is limited.  

Direct investment is only available to companies and institutional investors with 

expertise in infrastructure development and experience in infrastructure investment 

(Ray, 2015). The barriers to entry are the highest among all financing mechanisms. The 

liquidity of this kind of investment is very low as few buyers are available. Project 

sponsors don’t have obligations to reveal much project information. From the 

perspective of the parties out of the project, it is also the reason for being criticized for 

lacking transparency. Project sponsors have to bear high risks but they also enjoy the 

high return. It is up to project sponsors to decide whether incorporating ESG factors is a 

good idea. 

Tokenization-based finance is relatively new compared with other financing 

mechanisms. Building on the blockchain, the trustless environment enables 

disintermediation, which lowers the cost of capital and shortens processing time. As a 

result, the bankability of projects is improved. Large-scale projects can enjoy lowered 

costs and more efficient financing. Small-scale projects are offered access to public 

markets to raise capital for the first time. By dividing assets with great value into small-

value tokens available on secondary markets, tokenization could expand the investor 

base of infrastructure by including SMEs and retail investors and also offer better 

access to international investors. By converting positive social or environmental impacts 

into tokens, the monetized impacts could encourage more investors to invest in 

infrastructure while reaching social and environmental goals. However, the feasible 

business plans still being explored. Tokenization-based financial solutions can be 
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integrated with both public and private sector financing models. The most critical 

obstacle faced by tokenization is regulation, which hinders its further and broader 

adoption.
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Table 7-1.  Comparisons of conventional financial instruments and tokenization. 
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7.4.4 Tokenization and Alternative Financial Instruments 

This section explains the applications of securitization and crowdfunding, 

considered alternative financial instruments, in infrastructure investments. Each 

instrument is summarized and compared with tokenization. 

7.4.4.1 Securitization 

Securitization is a process whereby assets that by their very nature are non-

tradeable and illiquid are packaged, pooled, and sold in the form of tradable securities 

(Schwarcz, 2013). Securitization offers borrowers access to raise funds in the capital 

markets by selling the future receivables of their underlying assets to finance their 

present financial needs. The repayments of the securities are supported and 

guaranteed by the future cash flows generated by the assets. The assets can be 

physical assets or financial assets; however, a predictable and stable future cash flow 

from the assets is the essential requirement for asset-backed securities (ABS) (Klee 

and Butler, 2002). Examples include mortgage-backed securities (MBS) and 

collateralized debt obligations (CDOs) (Vink and Thibeault, 2008).  

The process of infrastructure securitization is similar to conventional 

securitization. In infrastructure securitization, the sponsor company identifies and 

reallocates the underlying assets into an asset pool based on returns and risks (Lu, 

2018). The underlying asset to be securitized is often a single infrastructure project, 

such as a tollway, an energy plant, or a water treatment facility. The sponsor is required 

to classify the risk and estimated return of the single asset to suit investors. A critical 

task of any infrastructure securitization is to scrutinize the underlying asset and the 

future cash flow. Assuring an adequate level of credit enhancement is essential, which 
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allows assets that do not meet the credit criteria to reach a higher credit level. This also 

reduced the cost of issuance, which effectively protects investors against potential 

losses on an underperformed asset pool. A standard infrastructure securitization 

process includes five major parties, the borrower, asset sponsor, SPV, trustee, and 

securities investor. The borrower is primarily responsible for the payment of the 

underlying loans and, therefore, the ultimate performance of the ABS. The asset 

sponsor, or the originator, owns the initial underlying assets used for processing ABS; 

hence, the sponsor’s primary responsibility is to monitor the assets and manage the 

revenue generated from the assets. The ABS structure can increase the return on 

capital by converting on-balance-sheet loans into off-balance-sheet incomes for the 

sponsor. SPV is a legal entity that is created by the sponsor to transfer loan obligations 

from the sponsor to the SPV and issue securities simultaneously. In this way, the SPV 

can be viewed as a way to obtain funds and disaggregate risks, as well as enable 

investors to access investment opportunities and generate a new source of revenue for 

the sponsor. The trustee, as a third-party fiduciary, plays a role in supervising the 

disbursement of cash flows and the compliance of all parties as prescribed in the 

agreement or covenant. The investor, who is typically an insurance company, a private 

equity fund, a public offering fund, or a commercial bank, purchases the securities from 

the SPV according to their own needs. Some important drawbacks include long 

processing time, higher costs resulting from intermediaries involved, and information 

asymmetry between originators and security buyers.  

Tokenization is similar to traditional securitization from many perspectives 

(Wandmacher and Wegmann 2020). Both financing mechanisms offer investment 
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opportunities for investors and free up capital for asset owners which promotes liquidity 

in the marketplace. Due to the similarities, securitization tokenization could be 

considered a proxy for ABS on the blockchain (Chang, 2020). However, tokenization is 

considered a much broader concept. Besides security, services, products, access 

rights, impacts, currency, and many other assets can be tokenized and form new 

business models. In securitization, credit enhancement is critical while in tokenization 

the tokens’ credit quality can never be higher than that of the underlying asset. The 

transparency of the underlying asset pool lacks securitization. Tokens backed by 

individual asset provide investors with greater transparency with the support of the DLT, 

as the full-scale transactional and other data are immutably stored on the blockchain, 

which can be assessed in real-time by internet users. The pool of investors is expanded 

from institutional investors in securitization to including retail and SME investors in 

tokenization.  

7.4.4.2 Crowdfunding 

Crowdfunding is an Internet-enabled way for businesses or organizations to raise 

money, typically from about $1,000 to $1 million, in the form of either donations or 

investments from multiple individuals, also called crowdfunders (Kuti and Madarasz, 

2014). Crowdfunding began as an online extension of traditional financing by friends 

and family: communities pool money to fund innovative business ideas. Crowdfunding 

uses web-based technology and the knowledge and wisdom in communities to 

determine which projects should receive funding and how much funding they should 

receive, as well as providing real-time feedback on services and products provided. It 

leverages the power of technology, particularly social media, to market the idea, raise 
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funds, and hold the surrounding community accountable. Using social networks, social 

profiles, and the viral nature of web-based communication, individuals and companies 

have raised billions of dollars in debt, equity, and donations for various types of projects. 

Crowdfunding provides an alternative method enabling communities and other 

stakeholders to participate in infrastructure delivery by leveraging crowdsourcing 

science and electronic payment systems. Crowdfunding’s emergence has been enabled 

by declining and stagnating investment in infrastructure construction and maintenance 

at national and municipal levels (Gasparro, 2019; Stiver et al., 2015). Two basic 

infrastructure crowdfunding models are donation-based and regulation-based. 

Donation-based crowdfunding for infrastructure, which falls under the civic crowdfunding 

definition, has been used to fund local infrastructure delivery in cities. Crowdfunders 

incentivized by the social, environmental, and other long-term non-economic purposes 

donate for funding infrastructure projects. Unlike donation-based crowdfunding, 

regulation crowdfunding (investment) encompasses debt and equity-based 

crowdfunding. Debt-based crowdfunding model has been popularized with peer-to-peer 

lending sites. While there are opportunities for this model to be applied at scale, 

regulation crowdfunding has been successfully adopted for real estate and alternative 

energy development because projects in these sectors often have strong and 

predictable revenue streams (Lam and Law, 2016). Equity-based crowdfunding allows 

individuals to invest in ventures with the expectation that they will receive a share of the 

profits in proportion to their original investment, producing a financial return on 

investment in infrastructure projects. Crowdfunders chasing regulation-based 

infrastructure crowdfunding projects are incentivized by economic returns. The financial 
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benefits of using crowdfunding may not outweigh the costs, but the social and long-term 

benefits of implementing crowdfunding have the potential to increase the return on 

investment in a variety of ways (Gasparro, 2019). The ability for crowdfunding used 

alongside project finance could create a greater impact. By introducing crowdfunding, 

the stakeholder network shifts to accommodate new stakeholders: the project initiator, 

crowdfunders, and the crowdfunding platform. The project initiator (sponsor) is the 

stakeholder that leads the crowdfunding campaign and provides resources for delivering 

the infrastructure asset. Subnational governments or municipal governments are usually 

the main initiators in infrastructure crowdfunding. Infrastructure crowdfunding platform 

refers to the recently emerged types of crowdfunding platforms dedicated to fundraising 

for infrastructure and civic projects. Infrastructure platforms are usually designed with 

the goal of facilitating infrastructure development and empowering citizens and civil 

society (Gasparro, 2015). Infrastructure projects can be hosted on either infrastructure 

or generic crowdfunding platforms. The way these platforms work is very similar to any 

type of crowdfunding platform in terms of payment processing, transparency, and 

duration of the campaign. Crowdfunders are individuals or organizations, who contribute 

financial resources to crowdfunding projects. For community share and donation-based 

crowdfunding models, these crowdfunders are often local to the project in processing. 

For debt and equity-based crowdfunding models, project initiators can limit the 

geographic range of crowdfunders per regulations or to gain the benefits of having 

investors in other places. There have been many successful infrastructure crowdfunding 

projects. In Liverpool, 344 crowdfunders raised £43,809 to turn a concrete flyover into 

an urban park (Davies, 2014). In New York City, 3,174 crowdfunders raised $273,114 
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for the construction of a “plus-pool” on the Hudson. In Memphis, 513 crowdfunders 

raised $68,928 for a protected bicycle lane. Following ioby.org’s lead, Spacehive.com, 

Patronicity.com, Citizinvestor.com, Catarse.me, and neighbor.ly established themselves 

as donation-based crowdfunding platforms for individuals and organizations to market 

and fund civic projects, including public events, social programming, and local 

infrastructure projects. 

By enabling individuals (i.e., retail investors and surrounding community 

residents) in decision-making and investing in infrastructure projects, both crowdfunding 

models and tokenization models are offered access to determine which projects should 

receive funding and how much funding they should receive, as well as providing real-

time feedback on services and products provided. Retail investors and surrounding 

community residents are encouraged to participate in infrastructure development at the 

same time to make positive impacts and receive economic benefits. A DAO can be 

formed to serve as an acting entity to represent the group of investors to make 

decisions. There are some major differences between crowdfunding and tokenization. 

The most critical part is secondary trading access. For donation-based models, it may 

not raise any issues. However, for regulation-based models, lacking existing options 

hinders crowdfunders seeking economic returns to participation. In tokenization models, 

tokens can be easily transferred P2P or listed on token exchanges for secondary 

trading. Clearly, investors would prefer tokenization models due to better investment 

liquidity. Corporate serving and actions, such as interest payouts and voting, can be 

programmed into smart contracts in tokenization models. Once pre-defined terms are 

triggered actions can be made automatically. It is in contrast with crowdfunding models, 
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which rely on manual inputs and technical support of the crowdfunding platform. 

Crowdfunding models are more mature and safer than tokenization models as the prior 

ones have a long history of development and the support of regulations.  
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7.4.5 Issues Hindering the Broader Adoption 

7.4.5.1 Regulation 

Most tokenization projects studied in this research are unregulated except for 

some security token projects which claim to be compliant with existing security laws. A 

potentially unclear regulatory and legal status for tokenization is a risk to all market 

participants, especially retail investors. The issue must be addressed by clarity and 

interpretation of existing or new regulations by financial regulatory and supervisory 

authorities. The unregulated environment explains the great number of scams and 

frauds in the ICOs. The tokenized market needs to comply with the regulations to 

protect investors and promote stability while facilitating healthy competition (Savelyev, 

2018). It is not expected to raise significant issues in most jurisdictions since 

tokenization merely replaces the conventional electronic book-entries system with DLT-

enabled networks (Nassr, 2020). Nevertheless, it is still uncertain which regulatory asset 

class and reporting structure tokenized assets are classified into. The blockchain and 

tokenization-enabled DeFi ecosystem's open and distributed nature might also pose 

problems to existing financial regulations. DeFi’s borderless transaction ability presents 

essential questions for the laws and regulations based on separate responsive entities 

and jurisdictions. Many questions must be answered, for instance, who would enforce 

the regulations, how would they enforce them, and who is responsible for investigating a 

financial crime occurring across borders? There are gaps between novel asset classes 

and business models created by tokenization and the existing regulatory framework. 

The lack of regulatory clarity for tokenized assets may result in arbitrage opportunities 

and an unsecured investment environment with a negative impact on all participants, 
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thus delaying the broader adoption of the tokenized markets (Schwerin, 2018). Even 

though the cross-border transfer is touted as a significant tokenization benefit for 

infrastructure investors, the alignment of international and domestic regulations is 

creating an implementation barrier. The legal status of smart contracts remains to be 

defined, as these are still not considered to be legal contracts in most jurisdictions. 

Although the identity of the investor might be recorded in the smart contract, the position 

on whether virtual assets constitute "property", the definition of ownership, and 

requirements for the assignment of the virtual assets lack legal clarity or involve 

overlapping and even conflicting laws.  

7.4.5.2 Business models 

Unrealistic expectations (e.g., financial projections and business plans) are 

frequently identified in whitepapers of tokenization use cases studied in this research. 

These expectations built by some project developers may incentivize them to transition 

to DLT-based solutions without a proven rationale (Davydov, 2019). Unlike IPOs, 

companies have had a working product that’s generating revenue before going public. 

ICOs/STOs only need to publish unproven concepts/ideas in whitepapers at the very 

early stage of project development. Project developers can easily take advantage of the 

“flexibility” to ignore reality and exaggerate outcomes to raise funds quickly from 

investors, especially when the market is highly speculative. However, once investors 

realize a project is unlikely to proceed, investments are drawn quickly. Liquidity can dry 

up in a few days. For many of the present tokenization projects, there is not a solid 

business rationale for the application of tokenization (e.g., business problems are not 

clearly defined; major technical challenges are ignored; efficiency gains are insufficient 
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to support the transition). Successful projects are more likely based on proven business 

models and moving small steps forward by integrating the benefits brought by 

tokenization with established systems. Revolutionary actions with the target of solving 

multiple and macro-level problems without detailed plans are likely to fail 

(Sazandrishvili, 2020). Revisions in whitepapers are very common, which are made to 

address technological breakthroughs and changes in the market. However, frequent 

major changes in the business plan may confuse investors and make them lose 

confidence in the project, although the execution is easy.  

7.4.5.3 Technology 

The adoption of tokenization at a large scale would face a number of challenges 

related to the underlying technology itself. Scalability is still a technological challenge of 

DLT-enabled networks and is relevant to tokenization given the significant throughput 

that would be required for the scale of global financial markets (Collomb and Sok, 

2016). Interoperability between different networks needs to be secured for connectivity 

between markets to be allowed. Other technological risks include network stability and 

exposure to cyber risks but also business risks related to the migration to a DLT-

enabled environment. Connections between on-chain tokens and off-chain underlying 

infrastructure assets are crucial in tokenization. A trusted central authority is required to 

guarantee the connection between the token and the asset, monitor the underlying 

infrastructure assets, and update the status if conditions are changed (Nassr, 2020). 

However, a system to guarantee the connection between the off-chain assets and on-

chain tokens has yet to be established. Without the guaranteed connection, it is 

questionable whether the tokens are backed by the underlying infrastructure assets, 
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which would significantly disrupt the credibility of tokenization markets and the private 

sector’s participation. 
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CHAPTER 8 
CONCLUSIONS AND FUTURE RECOMMENDATIONS 

Infrastructure is critical for enabling society to function and the economy to thrive, 

but there is an increasing mismatch between the need for infrastructure investments 

and available capital, which is in consequence of constraints on public resources and 

limited capacity to leverage the private sector co-financing under the current system. 

With the emergence of blockchain-enabled tokenization, there is a significant potential 

to improve investment liquidity, transparency, and efficiency and create new economic 

models to integrate non-financial values to promote sustainability and inclusiveness. 

Spurred by the urgent need to close the infrastructure gap and the emerging blockchain 

technology, this exploratory research built on extended literature, case studies, Delphi 

analysis, and framework construction to investigate the potential implementations of 

blockchain-enabled tokenization in infrastructure investment and development.  

The ZiyenCoin case study was conducted to investigate the specific process of 

the tokenization of private equity (security) of a start-up energy company in the U.S. The 

case of ZiyenCoin, the first SEC-compliant energy asset security token, was analyzed 

from the perspective of key participants, regulation compliance, token offering 

procedures, investors, realized benefits and encountered obstacles. Results showed 

that tokenization can improve infrastructure investment liquidity, transaction efficiency, 

and transparency. The study also found that the potential of tokenization had not yet 

been fully realized due to technological issues, regulation uncertainties, volatilities of the 

token market, and the absence of the public sector. 

Twenty-one tokenization projects were investigated to research how blockchain-

enabled tokenization was implemented in energy infrastructure projects. Through the 
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multiple case study analysis, this research showed the diversity of tokenization 

arrangements (payment, utility, and security). The state of the art, potential benefits, 

implications, and obstacles associated with the application of tokenization in 

infrastructure investment and development were discussed. The purpose of this 

research was not only to comprehend tokenization within the context of the energy 

sector but also to forecast its application in a broad spectrum of infrastructure projects 

(e.g., transportation, telecommunication, healthcare, and education). It was found that 

tokenization showed the capability to improve investment liquidity, transparency, and 

efficiency and enable the establishment of new business models to promote 

sustainability and inclusiveness. Challenges of regulations (e.g., unclear legal statutes, 

cross-border uncertainties, and lack of single point of accountability) and technology 

(e.g., network stability, interoperability, and cyber-risks) preventing tokenization from 

realizing large-scale adoption were analyzed.  

While blockchain technology forecasting for financial services had been 

conducted, the research on the field of infrastructure is highly theoretical and in its very 

early stages. There is an urgent need for further empirical analysis to better understand 

efficiency gains, implementation processes, challenges, and future probable application 

areas. The Delphi-based scenario analysis approach was applied to gather long-term 

forecasts and assessments of a research panel consisting of 39 experts in blockchain 

tokenization and infrastructure development on how tokenization would influence the 

future of infrastructure finance and identify future scenarios of potential applications in 

this field. Twenty-three projections developed from literature reviews, case studies, and 

experts’ interviews, concerning perspectives of both the supply and demand side for the 



 

197 

 

year 2035, were assessed in a two-round Delphi analysis. Regulatory, economic, social, 

and technological perspectives of tokenization were taken into consideration. Three 

groups of scenarios were created based on quantitative (the probability of occurrence 

and impact of occurrence rated by the research panel) and qualitative analysis (verbal 

inputs), which offer thought-provoking and holistic insights of tokenization’s future in 

infrastructure. Three groups of scenarios resulted from quantitative and qualitative 

analysis, reflecting agreement and differentiation between both expert groups. The 

results of this study clearly underlined the potential of tokenization in infrastructure. 

Uncertainties and barriers confronting the technologies’ diffusion were discussed.  This 

study contributes to the transfer of general technical-driven blockchain-enabled 

tokenization knowledge to infrastructure-specific tokenization knowledge. Long-term 

strategic planning was supported by this study with the scenario data acting as a 

starting point for blockchain-related efforts in infrastructure development.   

Building on literature reviews, case studies, experts’ interviews, and the Delphi 

analysis, a conceptual framework for the tokenization of infrastructure was developed 

and validated. The framework addresses how various blockchain structures 

(permissioned and permissionless), consensus protocols (PoW, PoS, etc.), finance 

structures (corporate finance and project finance), level of centralization (CeFi and 

DeFi), construction phases (greenfield and brownfield), exchange method (secondary 

token exchange and P2P) could affect the potential application of tokenization models 

(security, utility, and payment) in different infrastructure projects (public, PPP, private). 

The potential impacts were analyzed from the perspective of regulation, technology, 

society, economy, and environment. Major stakeholders are summarized. The process 
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of tokenization in infrastructure was illustrated. To the knowledge of the author, this is 

the first systematic and comprehensive framework proposed to explain what the 

tokenization of infrastructure is, how tokenization is integrated with infrastructure 

financing models, when to apply tokenization, and what the potential impacts are if 

tokenization is applied in infrastructure projects.  

For organizations and investors that have had experience in the tokenization of 

infrastructure, the findings of this research provide validation or expansion of the 

existing knowledge and system. For organizations and investors that haven’t had the 

experience but have an interest in the tokenization of infrastructure, the analysis and 

scenarios might be used to update or develop new strategies for future business plans. 

The results of this study clearly underlined the potential of tokenization. Uncertainties 

and barriers confronting the technologies’ diffusion were discussed. This study 

contributes to the transfer of general technical-driven blockchain and tokenization 

knowledge to infrastructure-specific tokenization knowledge. It is essential since 

technology transition does not only depend on technological aspects alone but also 

depend on political, economic, and social aspects.  

The findings of this research provide policymakers, practitioners, and 

researchers with feasible directions to develop a blockchain-based strategy for 

infrastructure financing. By revealing the underlying value drivers, this study provided a 

starting point to identify relevant application fields for the technology. Long-term 

strategic planning is supported by this study acting as a starting point for long-term 

blockchain-related efforts in infrastructure development.   
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Based on research findings and the obstacles hindering broader adoption of 

tokenization in infrastructure analyzed in the previous chapter, recommendations for 

regulators, project developers, investors, and some service providers are given. To 

facilitate the adoption of tokenization to reach its full potential, policymakers need to 

update the legal system and regulation to address the changes brought by the emerging 

technology in a transparent and secure environment. Collaboration and education are 

considered critical steppingstones. An open-access toolbox complied with case studies, 

lessons learned, and other educational materials should be established. Public 

infrastructure projects should explore applying tokenization to engage the surrounding 

community. At the same time, private entities should be encouraged to investigate how 

tokenization could be applied in infrastructure projects other than energy under PPP. 

Cybersecurity and scalability issues should be addressed by the public and private 

sectors in a coordinated manner. Investments in Financial education for retail investors 

are necessary since they are included and could play an important role in the tokenized 

market. 

This research has several limitations. For instance, most of the use cases and 

investment models examined in this work are still in the pilot stage, thereby limiting 

broad summary statements. The examined use case focuses on infrastructure asset 

tokenization in the energy sector by using a permissionless security token. Future 

research can explore the tokenization process that uses other types of infrastructure 

(e.g., toll roads, pipelines, and airports) and tokens (e.g., utility tokens and stablecoins). 

Considering tokenization is in its infancy, there is limited data available for in-depth 

analysis at present. Future research should conduct analysis based on data from 
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operations to explicitly examine to what extent and how tokenization can realize the 

projected efficiencies gains (comparing tokenized finance with conventional finance 

options). The application of tokenization in infrastructure projects other than energy 

should also be studied. The research on how tokenization can be integrated with project 

finance would contribute to the infrastructure project finance literature. Future research 

can address the financial modeling of real-world use cases to better understand the 

benefits of this financing approach. The in-depth analysis based on data from 

operations to explicitly examine how tokenization promotes inclusiveness and 

sustainability in the context of infrastructure development is also critical in integrating 

ESG factors and facilitating renewable transitions to meet the SDGs.   

Similar to any other technology adoption and diffusion curve, the success of the 

transition to tokenization depends on the problems that need to be solved. When the 

potential risks and barriers to the broader application of tokenization are carefully 

examined and mitigated, new waves of financing and novel forms of partnerships would 

be unlocked. The impact holds a promise to transform the public and private sector 

financing of infrastructure. 
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APPENDIX  
DELPHI ANALYSIS QUALITATIVE RESULTS 

P1. In 2035, legal and regulatory frameworks for the tokenization of infrastructure will 

have been established in most (developed and developing) countries. 

High probability comments 

● Some countries have established legal regulations for tokenized securities (e.g., 

Liechtenstein and Switzerland) and it is an ongoing trend.  

● Tokenized solutions have proven their value to stay which leaves governments 

with no choice but to legislate. 

● Tokenization merely replaces one digital technology with another, which should 

not raise issues in jurisdictions to have it regulated under the existing framework. 

● The tokenization of infrastructure is included in a broader tokenization-based 

regulation.  

Low probability comments 

● It takes a longer time to develop legal and regulatory frameworks for 

infrastructure-specific tokenization while a general tokenization framework is 

more likely to be established before 2035.  

● Most developing countries are likely lagging again in regulating tokenization even 

though some small countries might rush ahead in this matter. 

● Legal frameworks take time and effort to develop and require a high level of 

sophistication. 

 

P2. In 2035, an international regulatory framework for the tokenization of infrastructure 

will have been developed. 
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High probability comments 

● Some initiatives related to the regulation of tokenization at the global level have 

been taken. 

● A regional regulatory framework (e.g., within the EU) is more likely to be 

established. 

● International organizations (e.g., World Bank and UN) can take the lead and 

implement it. 

● A regulatory framework established by a few pioneering countries can be 

accepted by other countries. 

Low probability comments 

● Regulation related to tokenization is not easy to harmonize at a global level in 

spite of the fact that this would have a great impact on large-scale infrastructure 

projects. 

● Countries have their own distinct visions, as a result, geopolitical disagreement 

and competition make it less likely for an established international framework. 

● Governments have little incentives to collaborate to establish an international 

framework 

● Not all countries (particularly big countries) agree with the international regulatory 

framework approach even in well-understood commercial areas, 

 

P3. In 2035, legal obligations and regulations of smart contracts will have been clarified 

in most countries. 

High probability comments 
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● It is highly likely that this will occur given the widespread use of smart contracts 

and this is high on the agenda of policymakers already today. 

● The need for the smart contract is appreciated by the industry which is eager for 

efficiency, and the implementation is also more intuitive. 

Low probability comments 

● Smart contract functionalities are always evolving. Even if regulations around one 

type (e.g., Decentralized Finance) are resolved, something else will come up that 

requires new legal interpretation. 

● Smart contracts and their applications require a level of legal sophistication, 

which takes time to have policymakers trained to understand the emerging 

technology before they can even start interpreting these obligations 

 

P4. In 2035, public infrastructure projects will have been able to issue tokens to raise 

funds and engage the public in a regulated manner in some countries. 

High probability comments 

● The fundraising of public or private projects through tokenization is similar. If 

implemented successfully in public projects, the involvement of the public will 

change the industry fundamentally. 

● Public entities are not able to resist this easy method of fundraising under the 

condition that a legal foundation has been created first. 

● Raising through a token sale achieves similar goals of issuing municipal bonds 

under the existing financing system, which should be understood by upcoming 

generations of politicians 
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Low probability comments 

● Infrastructure financing is still relatively complex in itself; the integration of 

tokenization and infrastructure finance could only happen in less than a handful 

of countries.  

● The existing system resists changing; tokenization might be considered a threat 

instead of an opportunity.  

 

P5. In 2035, tokenization-based solutions will have facilitated the establishment of 

decentralized and rule-based systems in governing and regulating infrastructure 

projects (e.g., permitting). 

High probability comments 

● The use of tokens for governance and administration-related issues is more likely 

than the use of tokens for financing. 

● Tokenization and smart contract could help need to shorten the environmental 

and other regulatory review process to reduce project development duration and 

cost. 

● It is more likely to be realized with the support of a Decentralized Autonomous 

Organization (DAO). 

● The emerging technology is evolving to be implemented in more complicated 

situations. 

Low probability comments 

● Changing conditions make it harder to establish a rule-based system beforehand. 
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● It is rather challenging to take authority away from governments. Legacy 

entrenchment will not allow relinquishment of control. 

 

P6. In 2035, tokenization will have been recognized as a viable option to be applied in 

both private and public infrastructure projects, which supplements existing infrastructure 

financing instruments. 

High probability comments 

● Some countries have implemented tokenization in both private and public 

projects. The trend is ongoing.  

● Once tokenization is successfully implemented in pilot projects, other entities will 

follow. 

● Tokenization serves as a low-cost alternative to some existing financial 

instruments. 

● Low probability comments 

● Regulations in this field should have been clarified.  

● It is more difficult to have tokenization implemented in public projects. 

 

P7. In 2035, tokenization-based solutions will have been more frequently applied in 

public infrastructure projects than private projects. 

High probability comments 

● Investors’ demand for public infrastructure assets can facilitate and expedite the 

realization 

● Tokenization is likely to be implemented in public-private partnership projects 
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● As most infrastructure are public projects, it is expected that tokenization will be 

used there but the frequency of the implementation of tokenization in private 

projects is higher. 

● Tokenization can be implemented in privatization projects 

Low probability comments 

● Public entities reluctant to accept innovations 

● Public infrastructure requires a dismantling of bureaucracy, for this reason, the 

implementation of tokenization in the public sector will be behind compared to the 

private sector. 

 

P8. In 2035, the cost of finance will have been reduced in infrastructure projects 

applying tokenization due to automation and disintermediation enabled by smart 

contracts. 

High probability comments 

● Cost reduction through automation and disintermediation enabled by smart 

contracts is considered a major efficiency gain brought by tokenization. 

● The cost of finance may be mostly reduced by a better engagement of the public 

and fewer objections to the relevant project. 

Low probability comments 

● There will have to be material advancements in smart contracts to achieve those 

cost reductions. 

● This will have to be supported by public sector infrastructure - particularly the 

legal recognition of smart contracts. 
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P9. In 2035, tokenization-based solutions will have contributed to the facilitation of 

cross-border transactions (either in the form of money, rights, or data), enabling 

international investors to invest in global infrastructure projects. 

High probability comments 

● Global investors have already been subscribing to crypto-based solutions. 

● There have been some companies offering cross-border investment services 

based on tokenization. 

● Government-based cryptocurrency (e.g., central bank digital currency) will play 

an important role in international transactions. 

Low probability comments 

● It will be more difficult from a legal standpoint to introduce tokenization to cross-

border infrastructure projects 

● Governments tend to take tight control over foreign investment. 

● Anything that challenges the existing authority of government is difficult to be 

implemented. 

 

P10. In 2035, institutional investors will prefer tokenization-based solutions to 

conventional instruments in financing infrastructure due to higher efficiency. 

High probability comments 

● As tokenization introduces new ways of asset management, it will be a standard 

model of financing accepted by investors. 
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● It happens when efficiency gains are equal to or greater than conventional 

instruments at an equivalent risk 

● It unlocks new opportunities for institutional investors to grow their revenues. 

Low probability comments 

● Institutional investors might be reluctant to accept tokenization as it introduces 

other investors (e.g., retail) to compete for investment opportunities.  

● The impediments at the current stage are still too high to have this projection 

realized before 2035. 

● The syndication of financing creates additional issues for institutional investors to 

consider tokenization. 

● Institutional investors will be slow to adopt the technology only under the 

condition that they have understood the security aspects of tokenization before 

they focus on higher efficiency. 

 

P11. Blockchain-based digital currency will have become dominant in payments in 

infrastructure projects applying tokenization.  

High probability comments 

● Central bank digital currency and other blockchain-based digital currencies (e.g., 

cryptocurrency, stablecoins) will be the norm by 2035. 

● Dividend distributions and other corporate actions can be managed in the best 

way by using digital currencies. 

● The means of payment for tokens facilitate the process but might not make much 

of a difference for big investors (as opposed to speculators). 
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● Better efficiency will lead to quicker adoption. 

● Digital currency is seamlessly integrated with the tokenized system. 

Low probability comments 

● Blockchain-based digital currency will be more likely complementary but not 

dominant. 

● The conventional banking and government system will not let loose control of the 

payment system easily. 

● Blockchain-based digital currency doesn’t have the capacity to handle high-

volume transactions.  

 

P12. In 2035, the liquidity of infrastructure investment will have been improved as 

tokenization-based solutions facilitate fractional ownership and unlock the marketplace 

for secondary trading. 

High probability comments 

● Utility infrastructure (e.g., energy, water) will benefit the most. 

● International investors and markets are unlocked.  

● Liquidity improvement is considered the most disruptive impact of tokenization. 

● The Decentralized finance momentum will keep attracting investors to participate 

in the tokenized investment. 

Low probability comments 

● A massive adoption of tokenization for a large number of infrastructure projects 

to allow for a real marketplace to be created is a pre-condition. 

● Tokenized infrastructure doesn’t fit the appetite of tokenization investors. 
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P13. In 2035, tokenization-enabled micro-transactions will have become standard due 

to reduced costs and efficient transaction processing, so that individuals (including 

surrounding community residents) can directly invest in infrastructure at the project 

level. 

High probability comments 

● Regulators will facilitate the process even for unaccredited investors, as this is a 

market where micro-transactions or micro-investments are possible. 

● The new investment opportunities will attract retail investors to add infrastructure 

investment into their portfolios. 

Low probability comments 

● Retail investors do not really have the characteristics for such investments; the 

anticipated rate of participation should be low even if the mechanism allows them 

to participate. 

● It's not easy to become the new standard in 15 years, even in this fast-moving 

era and sector. 

● The projected reduced costs and efficient transaction processing will still not be 

enough to allow microtransactions to happen. 

● Social investing will not be a driving force for tokenization. 

 

P14. In 2035, infrastructure project stakeholders, regulators, or surrounding community 

residents will have been empowered in decision-making as tokenization makes some 

real-time project information (e.g., finance) more accessible. 
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High probability comments 

● This is one of the quickest wins of tokenization related to increased transparency 

due to the characteristics of blockchain. 

● Investors can participate in decision-making through Decentralized Autonomous 

Organization (DAO) platforms 

Low probability comments 

● Allowing the community to participate will be heavily regulated to prevent 

decision-making from impacting project delivery. 

● In spite of fact that real-time information will be more accessible, how to 

understand, interpret and act upon that additional data remain questionable. 

 

P15. In 2035, small and community-level infrastructure projects will have been able to 

raise funds directly from capital markets through tokenization. 

High probability comments 

● It can only be realized through tokenization, which has a great impact on 

infrastructure. 

● Utility infrastructure is more likely to implement tokenization. 

Low probability comments 

● Capital markets have never been a major financing source for infrastructure 

regardless of scale. 

● It is up to the regulation. 

● It is more likely bounded in a fund and less likely realized on a project level. 
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P16. In 2035, tokens embedded with certain rights (e.g., voting, access to services, 

financial return) distributed to impacted community residents will allow and encourage 

them to actively participate in local infrastructure development, thereby improving the 

inclusivity and approval of new projects. 

High probability comments 

● It is rather easy to be realized through blockchain-based solutions, such as 

Decentralized applications. 

● It is easier to be implemented in communities with proactive residents. 

● Community-level Decentralized Autonomous Organizations can facilitate the 

implementation. 

Low probability comments 

● A mindset shift has to happen first 

● The danger with any crowdfunded infrastructure is that wealthier areas have 

more projects funded which further increases the wealth gap, actually worsening 

inclusivity.  

● The acquisition of tokens if by means of capital will assign the rights to the rich, 

which might not change the current market dynamics. 

● Institutional investors will prevent this from happening. 

● Retail investors don’t have the expertise. 

 

P17. In 2035, tokenization-based solutions will have been more frequently applied in 

infrastructure projects in emerging countries with underdeveloped capital markets than 

developed countries. 
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High probability comments 

● It is more like to happen in emerging countries with democratic governments. 

● Developing countries have fewer burdens so they are more flexible to find an 

unusual way to finance their infrastructure projects, while developed countries 

are struggling with the current financing mechanism since institutions fear the 

loss of power. 

Low probability comments 

● It will be more frequently applied in small-sized but developed countries such as 

Switzerland, Denmark, etc., or distinctive nations like Saudi Arabia. 

● It is very hard to evaluate; A lot of activities in blockchain-based applications in 

finance have been witnessed happening in underdeveloped countries given they 

have the greatest need for such efficiencies, but the most important pilots are still 

being run in advanced economies. 

● Sometimes emerging markets can surpass and adopt new technology, but most 

countries do not have a solid, stable, sound economic status to make the 

transition. 

● The financial system always leaves undeveloped countries undeveloped. 

 

P18. In 2035, tokenization-based solutions will have been applied to monetize positive 

social and environmental impacts, enabling new business models to promote 

sustainability and facilitate Environmental, Social, and Governance (ESG) investing. 

High probability comments 

● The urgent need will result in faster adoption. 
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● The interpretation of the internet of things can provide real-time data that can be 

monetized (e.g., carbon-traded) and used by asset managers to meet ESG 

targets or to attract thematic investors. 

● ESG investing may require clear rules which need to be fulfilled. Smart contracts 

can help to make ESG investing more feasible. 

● This is one of the areas I am most excited about. Tokenization will allow 

fundamental transparency to be built into ESG initiatives, which opens the door 

for countless monetization/incentivization techniques. 

Low probability comments 

● It is hard to be realized due to the complexity of ESG investing. 

● It lacks support from the demand side.  

 

P19. In 2035, transparency in infrastructure projects applying tokenization will have 

been improved as some project-related data are immutably stored on the blockchain 

and can be assessed in real time. 

High probability comments 

● It is the main characteristic of blockchain-based solutions 

● The improved transparency will shape the governance process. 

Low probability comments 

● Developers and regulators are sensitive to certain information disclosure. 

 

P20. In 2035, smart contracts applied in the tokenization of infrastructure will have been 

standardized. 
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High probability comments 

● It will be easily realized in some sectors of infrastructure while might not be 

feasible in other sectors. 

● Partial standardization can be realized sooner. 

● Once tokenization has been widely applied in the infrastructure, it won’t take 

much time to have standardized smart contracts developed. 

Low probability comments 

● It is an ongoing process but remains a difficult objective due to the constantly 

changing environment.  

● Flexibility to address differentiation will be more important than standardization. 

● It has been already difficult to determine what the base network is to rely on for 

future activities there is no need to say how difficult it is to standardize smart 

contracts for various types of infrastructure.  

● Project finance has not been standardized after years of effort. 

 

P21. In 2035, the tokenization of infrastructure will have been more frequently deployed 

on permissioned blockchain than permissionless blockchain. 

High probability comments 

● Institutional investors will prefer permissioned blockchain as security is their 

priority while it is unclear which type of blockchain is preferred by retail investors. 

● Permissioned blockchain will be applied more frequently initially due to better 

control. 

● Regulated markets will only be permissioned. 
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● Companies don’t want to lose control. 

Low probability comments 

● Permissionless blockchains have a broad appeal to a larger base of users 

● Tokenization on a permissioned blockchain would basically negate the benefits 

of tokenization because the tokens would not be interoperable with public chains 

and therefore cannot tap any of the accompanying financial benefits. 

● The impact of the deployment of permissionless blockchain to enable a 

decentralized system is very high. 

 

P22. In 2035, tokenization-based solutions will have been in use in combination with 

other technologies (e.g., Internet of Things), enabling the establishment of an 

interconnected and intelligent infrastructure financing and managing system. 

High probability comments 

● The combination of IoT and blockchain is already on its way and numerous 

interesting use cases in other areas (e.g., supply chain management) are 

currently being explored. 

● Blockchain and IoT are complementary technologies, it would be very surprising 

if they didn't evolve to supplement one another 

● Data generated from the Internet of things devices can be stored on blockchain 

automatically through oracles.  

Low probability comments 

● The integration with the Internet of things represents the past but not the future. 

● Human indispensable is necessary when unexpected issues occur. 
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● Regulatory obstacles need to be overcome.  

 

P23. In 2035, the adoption of the tokenization of infrastructure will have reached 

sufficient scale, leading to the full realization of efficiency gains. 

High probability comments 

● Fifteen years are long enough to prove the best use cases with the most 

efficiency gains. 

● Once the tipping point is reached, wide adoption can be realized in a rather fast 

speed. 

Low probability comments 

● It is difficult to determine what the sufficient scale actually means; efficiency 

gains can be gained for each individual project that applies it. 

● It varies depending on the type of projects they are. 
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