
The Monetary Benefit of Tokenizing Renewable Energy∗

Philip Berntsen† Markus Leippold‡

April 3, 2022

Abstract

Capital markets remain skewed toward short-term financial gains at the expense
of long-term value creation. As a result, renewable energy investments remain viable
and accessible only to a narrow set of investors under the traditional financial system.
Moreover, current green finance offerings fall short of their allocation targets, and at-
tempts at introducing ESG measures to tilt the scale favor sustainable investments
are typically too limited to tackle the issue. Therefore, we evaluate the potential of
tokenization, an innovative financing tool, to raise more capital for renewable energy
projects situated in Africa that remain insufficiently funded to meet global sustainabil-
ity goals.
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1 Introduction

Tokenization1 is an enticing solution to facilitate ESG2 investment outcomes and increase in-

vestor accessibility, especially in renewable energy infrastructure investing. This innovation

offers a mechanism that allows investors to overcome current barriers relating to liquidity,

transparency, transaction costs, and scale. An abundance of literature argues that these fac-

tors can significantly impair the financial viability of investments (Tian et al., 2021; Uzsoki,

2019; OECD, 2020).

While literature on decentralized finance focuses on highlighting the qualitative benefits

of tokenization, there is an information gap and call for research on the monetary and

quantitative benefits of tokenization. Use-case research is needed to improve understanding,

provide empirical data, and educate relevant stakeholders. Our project addresses this gap by

conducting a Real Options Analysis (ROA) to estimate (ex-ante) the monetary benefit from

tokenization versus traditional financing schemes. We apply our methodology to small-scale

hydropower projects (SHPs) located in Sub-Saharan Africa. We compare the results with

an operational SHP situated in Rwanda currently in the process of being tokenized.

In the spirit of Adam Smith (Smith, 1776), we argue that tokenization, a technology that

promotes free trade and free markets, advances a sustainable global economy. Concurrently,

it allows all stakeholders to maximize their net gains. When investors benefit from an

improved risk-to-reward ratio due to tokenization, they consequentially benefit the public as

well. This is because any increase in capital market funds enables an optimized division of

labor. It also promotes gains in the host country from upscaling their renewables. Nearly
1This article refers to tokenization as the process of digitizing equity and-/or debt for financing a renewable

energy project using blockchain technology.
2Environmental Social Governance
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two hundred and fifty years later, this concept may be best explained by the famous Adam

Smith quote on markets:

“(the individual) intends only his own security; and by directing that industry in such a

manner as its produce may be of the greatest value, he intends only his own gain; and he

is in this, as in many other cases, led by an invisible hand to promote an end which was

no part of his intention. Nor is it always the worse for the society that it was no part of

it. By pursuing his own interest, he frequently promotes that of the society more effectually

than when he really intends to promote it. I have never known much good done by those who

affected to trade for the public good.” — Adam Smith, 1776

2 Relevance for renewable energy

While global investment in renewable energy has increased significantly over the last decade,

clean energy investments need to be scaled up by a factor of six to achieve climate goals

(International Renewable Energy Agency, 2017). Estimates show that in order to meet

the Sustainable Development Goals (SDGs) and to finance the global energy transition, it

would require investments between $5 trillion and $7 trillion per year (Van de Putte et al.,

2020). Developing countries alone are between $3.3 trillion and $4.5 trillion per year and

face an annual funding gap of $2.5 trillion (UN, 2014). A broad body of theoretical and

empirical work (De Greene, 1981; de Greene, 1994; Williams and Edge, 1996; Yelle, 1979;

Dutton and Thomas, 1984; Alchian, 1963) shows that meeting the increased demand from

developing countries is a problem they face because they are unlikely to leapfrog carbon-

intensive energy development to attain a more climate friendly energy infrastructure (Unruh

and Carrillo-Hermosilla, 2006).
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As a principle in economic development, energy use per capita and GDP per capita

positively correlates (Sornette et al., 2018). Unsurprisingly, Africa has been at the epicenter

of an ongoing global dialogue around the issue of energy poverty. More than half of the

world’s population without access to electricity lives there. Yet, a tremendous renewable

energy potential remains untapped: an almost unlimited potential of solar capacity (10

TW), abundant hydro (350 GW), wind (110 GW), and geothermal energy sources (15 GW)

(Hermann et al., 2014). The International Renewable Energy Agency (IRENA) estimates

that Africa’s operational renewable energy capacity could, by filling the annual funding gap,

reach 310 GW by 2030. This would position the continent at the forefront of renewable

energy generation globally. The impediment to building up energy capacity in Africa lies in

its financing.

While investors look for options to allocate capital towards real assets with carbon off-

setting investments, the asset class, through conventional financing models, is viable only to

a narrow set of institutional investors. This leaves a significant amount of private capital on

the sidelines (Lamech and Saeed, 2003; Heeb et al., 2021; Regan, 2017; Tian et al., 2021).

In traditional models, infrastructure funds are usually locked in for ten years and do not

have access to an efficient secondary market in case they choose to exit their position before

the fund is liquidated (Uzsoki, 2019). Even after the lock-in period, several months may be

required to dispose of a position, and it often costs at least $10,000–20,000 to re-paper the

transaction (Stein and An, 2018). Furthermore, the capital expenditure can be too large for

community or retail investment, yet too small for minimum institutional investment thresh-

olds (Adu et al., 2017). Further, the lack of transparency adds to the cost of capital and

discourages a large pool of capital markets from investing (OECD, 2020; Della Croce and

Yermo, 2013). This pattern is consistent with literature that emphasizes that high financing
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costs are an essential barrier to investment (Schmidt, 2014; Shrimali et al., 2013).

Historically, renewable energy projects in developing countries are funded by debt fa-

cilities from development banks. In recent decades, more creative financial solutions have

emerged. These include green bonds, blended finance, and continent-focused funds (OECD,

2018). However, these solutions are contingent on the challenging task of attaining a certain

percentage of equity financing (generally 20% to 30%) (Merme et al., 2014). Even including

blended finance, the cost of equity and debt capital is high, especially for projects in de-

veloping countries. The International Renewable Energy Agency’s (IRENA) renewable cost

database, a global database that collects financing costs and other important investment pa-

rameters (such as capital structures and loan maturities), estimates that investors require,

on average, 14% equity return and on average 6% return on debt (Halland et al., 2021).

Studies that consider weighted average cost of capital (WACC) for renewable energy

projects in developing economies found that the WACC is notably higher in these countries

compared to developed ones, leading to development barriers (Steffen, 2019). This may be

best shown using the terminology of economic value added (EVA), a measure of macroe-

conomic performance that appropriately accounts for the WACC (Cachanosky, 2009). It

incorporates Adam Smith’s notion of economic profit: the fundamental observation that an

economy must earn a minimum competitive return on all sources of capital if they are to

remain solvent (Wankel and Stoner, 2008). We therefore conclude that, under conventional

financing models (Fig.1), developing countries remain in a climate finance trap exacerbated

by high cost of finance (Ameli et al., 2021). Moreover the green finance transaction costs,

counter-party risks, information asymmetries, and liquidity gaps further impair investor

gross return requirements and in turn increase the WACC. The scope of bankable projects

becomes narrow compared to what could have been realized under more innovative funding
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models.

Figure 1: Stylized characteristics of traditional renewable energy project finance.

Source: Authors

Asset tokenization3 (Fig.2), one of the most prominent use cases of blockchain, has shown

great potential to overcome many of the current infrastructure finance limitations. The

solution enables creating a secondary market where fractional ownership of assets can be

traded 4, and information may be shared in real-time.

Transferring tokens on the blockchain allows the transactions to occur peer-to-peer in
3We refer to tokens in our paper as security tokens that represent claims on issuers’ cashflows. These

should be distinguished from platform-specific tokens whose values are unbacked and fluctuate with the
supply and demand dynamics native to the hosting platforms (Cong et al., 2021a).

4Stablecoins, blockchain-based currencies with stable exchange rates to fiat currencies, have potential to
hedge fiat-crypto exchange risk and connect decentralized finance with the real economy. However, conflicts
of interest between stablecoin issuers and users still need to be properly addressed (Li and Mayer, 2021).

6



Figure 2: Transactional flowchart of infrastructure asset tokenization and trading.

Source: Tian, Yifeng, et al. ”Asset tokenization: a blockchain solution to financing infras-
tructure in emerging markets and developing economies.”

a frictionless manner, leading to a significant reduction in counterparty risk. As a result,

transaction fees become negligible and do not increase proportionally with the transaction

size. The automation and better transparency of tokenization also reduce administrative

costs and related risks to improve organizational efficiency. With the help of smart meters

(Internet-of-Thing’s devices), physically installed on the infrastructure asset, investors can

monitor (real-time) key performance indicators through data stored on the public blockchain.

Timely and accurate data also enables better decision-making of project operators and ad-

ministrators and the automation of accounting, tax, and audit processes. This reduces

operational expenses and improves financial performance.

We hypothesize that tokenization eliminats steep liquidity premiums currently priced

in by investors (Uzsoki, 2019). Our research extends current literature by determining the

added monetary value to investors, such as increased net profit, from tokenization versus the

status quo. Monetizing the benefits brought forward by tokenization is crucial because it

enables us to determine if tokenization actually actually incentivizes capital markets (that
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remain focused on short-term financial gain (Cort, 2018)) to increase renewable project

funding (that inherently serves the purpose of long-term value-creation (Mathiesen et al.,

2011)).

One important risk factor affecting the applicability of tokenizing renewable energy assets

is caused by regulatory impediments in many jurisdictions; however, some adjust rapidly.

For example, Switzerland and the United Kingdom have published a series of statements to

legislate tokenized assets and increase their accessibility for the broader investment commu-

nity (Tian et al., 2021; Uzsoki, 2019). Further research is needed to better understand private

finance attitude to blockchain technology and consider its direct implications in finance.

3 Cost-of-capital: the theoretical foundation

Special Purpose Vehicles (SPV) are commonly used to support the transactions in infrastruc-

ture projects (Sainati et al., 2020). The capital drawn down by the SPV to pay construction

costs is provided by a combination of equity and debt (Hellowell and Vecchi, 2012) that

collectively charge an “implicit rental of one unit of capital service for each period of time”

(Hall and Jorgenson, 1967). When conferring neoclassical theory, it is widely held that the

cost of capital is the sum of the risk-free return and a risk premium (Hughes et al., 2007),

that reflects the systemic- and idiosyncratic risks associated with the SPV. In perfect mar-

kets, as dictated by financial theory, investors only adjust their cost of capital as a function

of system risks as the entity receiving the funds is able to diversify at the shareholder level

(Sharpe, 1964). This, however, is not the case for infrastructure projects. For infrastruc-

ture SPVs both systemic and idiosyncratic risk matter and affect the investor risk premium

(Joskow, 1985; Steffen, 2018). Systemic risks may rise from governmental actions, including

changes in policies or regulations that adversely impact infrastructure investments, whereas
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idiosyncratic uncertainty include the lack of liquidity or transparency (informational risk)

inherent for infrastructure project finance.

As depicted in (Ehlers, 2014), the magnitude of SPV risk changes throughout the course

of the project lifetime, from development to end-of-life. Furthermore, the risk varies depend-

ing on the SPV’ geographic location, sector, and structural complexity (Frederico et al.,

2015). As investors adjust their cost of capital based on the SPV’ risk profile (Sarmento and

Renneboog, 2016), the SPV actively incorporate risk mitigation measures. Traditionally,

the SPV reduces investor risk premium by delegating risks to subcontractors and acquiring

insurances and guarantees5 that secure investor cash flows (Demirel et al., 2021). The SPV

can also balance the total cost of capital by fine-tuning the leverage through issuing varying

degree of collateralized debt. This type of funding can be issued as unsecured debt backed

by a fraction of the future cash flows, secured debt backed by its available collateral, or a

mix thereof. The availability of collateral is shown to have a prominent positive effect on

lending activity and consequentially the cost of capital (Demarzo, 2019). Additionally, debt

providers enforce covenants in debt contracts that require the SPV to settle debt payments

(such as coupons, principal, or amortization payments) before any shareholder dividends are

distributed (Fan and Sundaresan, 2000). This, in turn, cause additional pressure on project

revenues in order to compensate for a potential loss of shareholders’ cash dispersion (Fer-

nandes et al., 2016). Therefore, the equity risk premium is higher as the covenants on debt

payments and cash reserve accounts delay distributions to shareholders.

Current risk mitigation measures seek to reduce the SPV’ cost of capital through mit-

igation of risk, but we find that traditional measures fall short of this ideal. Especially
5These insurances and guarantees may be acquired from various risk mitigation providers that include

multilateral development banks, bilateral or national agencies, and private financial entities (Matsukawa and
Odo Habeck, 2007).
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idiosyncratic risks relating to illiquidity (investor’ inability to exit positions), information

asymmetry, and transparency are not adequately mitigated under the current system. In

(Habib, 2011) and (Cooper, 2006), for instance, we find that the cost of equity capital is

affected by risks related to the quality of information disclosed by the entity that receives

funding. Also, systemic risks related to government effectiveness, regulatory quality, rule

of law, and corruption persist under the current infrastructure finance scheme and cannot

effectively be removed using traditional risk mitigation measures (Beńıtez-Ávila et al., 2018;

Keers and van Fenema, 2018; Wang et al., 2019). This, in turn affects investor’ risk ap-

petite, as evidenced by recent market trends. Debt providers are becoming more averse

against long-term lending and are showing less willingness to accept a high degree of lever-

age. In part, this is explained by regulation and the Bank for International Settlements (BIS)

Basel III mandates, as well as tougher annual stress-testing rules in many countries. This

has forced lenders to deleverage in order to reduce loss-bearing capital and increase their

balance sheets’ liquidity (Walter, 2016). As a result, lenders have scaled back their long-term

lending exposures to illiquid infrastructure assets. Whereas lenders used to finance up to

90% of the project construction costs (Fernandes et al., 2016), that figure is down to 70%

(The Economist, 2014). The decline in leverage put more pressure on equity capital, that by

nature has a higher risk premium, which increase the WACC and subsequently reduce the

number of economically viable projects6 (Ehlers, 2014).

In the following section we aim to show how tokenization of equity and debt capital can

help to reduce both systemic risks, such as political uncertainty, as well as idiosyncratic

risk, such as demand uncertainty for infrastructure asset finance as a result of illiquidity and

absence of an efficient secondary market.
6See 5 reasons infrastructure projects fail - and what we can do about it
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4 Tokenization to reduce infrastructure project risks

Tokenization refers to the process of fractionalizing the sources of capital, and ownership

rights, of an asset into digital securities (the “Tokens”). The tokens are governed by a

contract (the “Smart Contract”), that is stored on a blockchain-based system. By nature,

tokenization offers immediate benefits such as

1. improved operational efficiency, because it removes the need of a central third party

to verify and support the transfer of token ownership;

2. enhanced liquidity, because a broader pool of investors can invest in tokens that are

publicly available and previously not been accessible under conventional model due

to high minimum investment thresholds, constrained financial infrastructure, and/or

graphical location;

3. greater transparency, because all transactions on a blockchain network are accessible

to all network participants;

4. it induces a single source of truth, because there is only a singular digital representation

of the concerned asset which avoids difficulties in validating contracts linked to an asset.

Below we elaborate on how each of the above benefits from tokenization may improve

the current state of infrastructure finance.

4.1 Reducing idiosyncratic infrastructure finance risks

4.1.1 Reducing counter party risk

During the underwriting process, the SPV goes through an extensive negotiation process with

equity- and debt providers that involves several independent legal, insurance and financial
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advisors. Clearly, the involvement of third-parties increase the CapEx of the SPV and put

downward pressure on projected revenue. An expensive underwriting process is driven by

lenders, because equity investors are careful to front-load the SPV with costs that later erode

their internal rate of return. Lenders, however, are not punished in the same way as equity

shareholders. The underwriting costs can have a significant effect on the cost of capital.

As shown by (Fernandes et al., 2016), who estimates that the additional debt financing

cost arising from commitment fees, agency, and due diligence costs to be responsible for, on

average, an increase of roughly 100 bp (from 7.60% to 8.57%) for a infrastructure project.

Given that lenders typically cover up to 70% of the financing costs, a 100bp increase in debt

costs can have a disproportionate effect on the equity return. While underwriting fees are

a one-off charge there is no viable option to offload these costs to investors. An alternative

would be to list the SPV on a public exchange. However, the transactions costs associated

with listing private infrastructure asset on a public exchange can account for between 15% to

22% of the total transaction value (Uzsoki, 2019). In addition, transaction costs associated

with each subsequent trade can be between 0.20%, for institutional investors, and 2.0% for

retail investors (UBS, 2021). The listing of private infrastructure assets on public exchanges

does not present a viable option.

By storing tokens on the blockchain, where a token represents the claim against the

issuer rather than a written bilateral loan agreement, the parties can avoid costs arising

from re-papering a change in ownership. With tokenization, the token holder may transfer

all rights and obligations under the original contract to a third party independently of the

lender’s involvement. After the transfer, the token holder still owns the claim, but the the

token holder has been replaced. Transaction costs associated with change in token owner-

ship depend on the computing energy required to process and validate transactions on the
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blockchain and are referred to as ”Gas Price” (Gwei). Historically, on Ethereum (ETH),

the largest blockchain that supports smart contracts, the gas prices has ranged between 10

- 542 Gwei 7, with a current average of 72.59 Gwei. This translates to $ 215 per trade,

given a current ETH/USD price of $ 2’964 8. Consequentially, blockchain transaction costs

do not increase proportionally to the transaction value and becomes negligible for larger

transactions. Tokens may, however, also be listed on token exchanges that have access to

larger pool of prospective investors, and these exchanges do charge a progressive transaction

fee. For instance, Binance, Bitpanda, Kraken, Coinbase, and other blockchain exchanges

typically charge a 0.25% transaction fee. Compared with the traditional financial system,

token exchange fees are significantly lower. This is due to, on the one hand, inefficiencies

in the traditional financial system, and, on the other hand, the current status of blockchain

regulation. The former refers to high labour costs required to process business deals. Addi-

tionally, established financial intermediaries become entrenched. The latter refers to the yet

nascent state of blockchain regulation, which tokens issuers benefit from, avoiding costs that

traditional banking entails to be compliant (ref. financial service licence, banking licence,

etc.).

4.1.2 Secondary market trading and increased liquidity

A ”primary” market for securities provides transfer of ownership from the issuer to the

initial holders. A ”secondary” market allows for subsequent trading that do not involve

the issuer. Literature argues that a secondary market for infrastructure-backed securities

can increase the securities’ value in the primary market, subsequently reducing borrowing

rates and therefore the cost of capital (Walter, 2016). Absent a secondary market, primary
7See Ethereum Average Gas Price
8See Ethereum / USD Price
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investors add a risk premium by not being able to sell their securities when it is most over-

priced, also known as the illiquidity discount (Damodaran, 2011). In (Longstaff, 1995), we

find that the illiquidity discount, stated as a percent of the securities’ value, may be as large

as 60% for non-listed securities compared with securities that can be traded in a secondary

market. Tokenization offers a better alternative to make asset backed securities tradeable

in the secondary market that is governed and executed through smart contracts stored on

a decentralized system. One important risk factor affecting the applicability of tokenizing

infrastructure projects is caused by regulatory impediments in many jurisdictions. Risks of

financial setbacks, in which, particularly, retail investors lose money, are still present and call

regulators into action 9’10. Some jurisdictions are adjusting rapidly11 by publishing a series

of statements to increase the accessibility of DeFi applications for the broader investment

community.

4.1.3 Reducing asymmetric informational risks

Information asymmetry arises when at the first point in time when stakeholders starts plan-

ning their moves, and some stakeholders have private information that others do not know

(Kalai, 1991). With infrastructure projects, a significant degree of information asymmetry is

recorded between developers and investors and is due to several reasons. First, sharing infor-

mation is usually costly and time consuming (Hart et al., 1997). Second, the private sector

is not willing to reveal information that is commercially confidential (Reynaers and Grim-

melikhuijsen, 2015). Third, it is difficult for the utility off taker, normally a governmental

entity, to oversee and supervise the contract that governs the purpose of the infrastructure
9See Crypto regulation is coming

10See Cryptocurrency Regulations Around The World
11See Federal Council brings DLT Act fully into force and issues ordinance
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project (Grimsey and Lewis, 2002). The lack of transparency introduces challenges in the

price discovery process and increases the amount of risks carried by participating parties,

particularly the investor risk premium that subsequently increases the cost of capital (Tian

et al., 2020).

Improved transparency is one of the most significant advantages of a blockchain and

can address some of the fundamental asymmetric barriers between infrastructure project

developers and investors. Having the smart contract, transaction histories and associated

wallet addresses of token traders, token supplies, and other transparency relevant information

stored immutably on the blockchain, the information becomes available to the public and

can be tracked in real time. This offers benefits to token issuers too since sellers and buyers

of tokens can be traced, which may be required to comply with rules and regulations, such

as Anti Money Laundering (AML) - and Know Your Customer (KYC) frameworks.

4.1.4 Reduced operational risks

Although the blockchain can offer a significant increase in transcperancy, the regulatory

framework for issuing tokens is still nascent. Therefore the token issuer has almost no re-

quirements to be fulfilled (Hashemi Joo et al., 2020). Transparency relevant information

essential for asset performance monitoring is still centralized managed by the SPV (Walter,

2016). The largest equity shareholders therefore have sole discretion to determine what in-

formation they would like to publish. To reap the complete benefits of blockchain technology

to improve transparency, smart-meters could be installed to feed real-time project statistics,

such as produced electricity for an renewable energy infrastructure asset. This may even

benefit both the infrastructure operator and investor. The infrastructure operator can profit

from reliable data on key operational indicators that can help improve the operating per-
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formance and identify problems early, whereas the investor can more accurately value the

asset.

Nonetheless, in the absence of proper regulation, information that is deemed confidential

by the project operator or major sponsor will remain at their discretion to make it public.

Naturally, this becomes prone to intentional manipulation before it is communicated with

other infrastructure stakeholders.

4.2 Reducing systemic infrastructure finance risks

More generally, a decentralized framework to execute transactions could reduce the risks

posed by excessive centralization. In fact, one of the guiding principles of the blockchain is

being independent of a single point of failure and distribute clearing tasks among multiple

participants of the network (Surujnath, 2017). Hence, the failure of the blockchain network

carries a global diversified risk, whereas centralized financial intermediaries are susceptible

to systemic country risks. Recent events have also proven blockchain technology’s utility as

stated by Garrick Hileman, visiting fellow at the London School of Economics, in a recent

interview12: “When critical infrastructure is out or there are concerns about how quickly

something can get through traditional banking system, as long as you have internet and a

computing device you can transact.” Consequently, there is the possibility of minimizing the

systemic risks as Blockchain is a decentralized financial system that is independent of local

political instability (Mselmi, 2020).

As pointed out by (Surujnath, 2017), systemic risks will still exist in blockchain markets;

only the sources of systemic risk will change. ”Decentralization of market intermediaries

shifts regulatory concern from the systemic risks created by interconnected institutions to
12See The Russia-Ukraine conflict has thrust crypto into the spotlight and raised 3 big questions
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those inherent in the market itself.” A heavy reliance on digital trading infrastructure also

suggests that the market structure itself could be a source of risk.

5 Validation: tokenizing small-scale hydro power in Africa

The scope of this use case limits to Sub-Saharan Africa and small-scale hydropower. Nonethe-

less, our framework can be adapted to other geographies and energy-producing technologies,

which we will explore in the upcoming sections. There is a significant need for electricity

in Sub-Saharan Africa as grid networks expand and demand is expected to triple by 2040

(OECD, 2018). Small-scale hydropower is an attractive subject to study because hydroelec-

tric power is crucial to ensure grid stability, minimize transmission and distribution losses,

and reduce electricity outages which is the norm in Sub-Saharan Africa (Avila et al., 2017).

Evidence shows that small hydropower can sustain electrification of rural regions of devel-

oping countries with excess river streamflow (OECD, 2018). It also has capacity for scale

as Sub-Saharan Africa has the greatest hydrological capacity remaining of any country in

the world for hydropower projects, with only 11 percent used (International Hydropower

Association, 2019). Lastly, the construction of small-scale hydro infrastructure is thought

to be a less hydrologically, geologically, and socially disruptive form of renewable electricity

generation than large-scale hydro (Anderson et al., 2015).

We use a financial model coupled with a Real Options Approach (ROA), already de-

veloped at the University of Zurich in collaboration with hydropower industry, to estimate

distributions of key financial performance figures (KPI’s) (such as Net Present Value (NPV)

). The framework follows proven modeling methodologies to determine financial viability of

renewable energy projects.
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The model framework will be set-up such that we in a first (Step 1) define model inputs

to reflect the two scenarios of interest; (a) ‘status-quo’ versus (b) ‘tokenization’ financing

scheme. Second step (Step 2) uses our financial model framework to generate distributions

of key financial performance figures under each scenario (a-b). The third step (Step 3) com-

pares the distributions of financial performance figures under each scenario, and determines

whether there is a significant difference between ‘status-quo’ and ‘tokenization’. Finally (Step

4), we leverage data gathered from an operational small-scale hydropower plant in Rwanda,

that is in the process of being tokenized, to validate the hypothesis test (Step 3) by compar-

ing the actual financial performance of the plant before- and after refinancing the the debt

through tokenization.

Step 1 - Defining Model Inputs: Model inputs on financing costs and other essen-

tial investment parameters (such as capital structures and loan maturities) are taken from

various global databases on renewable energy financing costs (Schmidt, 2014; Steffen, 2019;

Halland et al., 2021; World Bank Group, 2017). Based on these data sets and literature on

tokenization we construct two scenarios: (a) ‘status-quo’ scenario where input parameter

constraints are defined according to historic renewable energy financing costs; and (b) ‘tok-

enization’ scenario where each of the input parameters of (a) are adjusted to reflect literature

on tokenization. As historic data on financing cost for the latter scenario is not available,

we base our input estimates on a combination of literature review and industry interviews.

Step 2 - Real Options Approach to Generate Distributions: Our study applies

ROA using the binomial tree approach developed by Cox, Ross, and Rubinstein in 1979

(Cox et al., 1979). The approach has an advantage over traditional methods because it

accounts for practical complexity variables (such as the inherent natural variability in the

renewable energy source) and therefore utilized in a broad set of applications in most fields of
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energy decision-making (Fernandes et al., 2011). The modeling scheme allows us to simulate

thousands of possible pathways for the NPV using the Discounted Cashflow (DCF) method

on each pathway, and subsequently analyzing the probability distribution of the NPV’s.

Step 3 - Comparison of Scenarios and Benchmarking with Tokenized Hy-

dropower Asset: We compare the difference in means of the probability distribution of the

NPV results generated under the ‘status-quo’- and the ‘tokenization’-scenario. Confidence

intervals are produced in order to test whether there is a significant difference between the

two scenarios at a given level of confidence. The two-sided hypothesis test is given by;

H0 : µstatus−quo
j = µtokenization

j

Ha : µstatus−quo
j ̸= µtokenization

j

where µi defines the mean of a key performance indicator j under a given scenario i =

{′statusquo′,′ tokenization′}. The null hypothesis will be rejected if there is a significant

difference in monetary value added to investors from tokenizing renewable energy assets

versus the status-quo.

Step 4 - Validation Using Data From a Tokenized Hydropower Plant in Rwanda:

Finally, the outcome of the hypothesis test is validated using actual financial performance

data from an operational hydropower plant in Rwanda that has been generating 400 KW

of electricity to a public grid for the past 2 years. The company owning the facility is re-

financing the debt ($2.0 million) by creating a token bond. The re-financing is expected to

have a material effect on both the operational- and investment costs. We dissect the differ-

ence in these costs, before- and after the tokenization, and present the actual quantitative

value-add versus the status-quo for both the hydro project developer and the token investor.
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To the best of our knowledge, there has been no work in this direction of real world com-

parison on quantitative benefits from tokenizing a renewable energy asset. Our assessment

determines the added value of asset tokenization using a bimodal approach. On the one

hand, we conduct a bottom-up cashflow analysis using a Real Option Approach to assess the

quantitative benefit to the issuer. On the other hand, we conduct a top-down approach to

analyse the required rate of return of the security tokens, which may be determined by ag-

gregating heterogeneous investor’ transactional demand during the reversed auction period.

(Cong et al., 2021b) We are determined to make the compiled data sets on operational and

investment costs and investor’ transactional demand publicly available for further research

on the impact of tokenization on green finance.

20



References
Adu, D., Zhang, J., Fang, Y., Suoming, L., and Darko, R. O. (2017). A Case Study of Status

and Potential of Small Hydro-Power Plants in Southern African Development Community.
In Energy Procedia, volume 141.

Alchian, A. (1963). Reliability of Progress Curves in Airframe Production. Econometrica,
31(4).

Ameli, N., Dessens, O., Winning, M., Cronin, J., Chenet, H., Drummond, P., Calzadilla,
A., Anandarajah, G., and Grubb, M. (2021). Higher cost of finance exacerbates a climate
investment trap in developing economies. Nature Communications, 12(1):4046.

Anderson, D., Moggridge, H., Warren, P., and Shucksmith, J. (2015). The impacts of
’run-of-river’ hydropower on the physical and ecological condition of rivers. Water and
Environment Journal, 29(2).

Avila, N., Carvallo, J. P., Shaw, B., and Kammen, D. M. (2017). The energy challenge
in sub-Saharan Africa: A guide for advocates and policy makers. Generating energy for
sustainable and equitable development, Part 1(January).
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