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Energy tokens as digital instruments of financial
investment'

Kamilla Marchewka-Bartkowiak?, Marcin Wisniewski’

Abstract: The aim of the paper is to evaluate the investment attractiveness of selected
energy tokens from the point of view of the effectiveness measures applied to ordinary
financial instruments. The authors also classify energy tokens among climate-aligned
tokens and digital instruments of green investments financing. In this way, it was pos-
sible to compare energy tokens against traditional financial instruments. Furthermore,
the authors attempted to investigate the relationship between the formation of returns
of the researched energy tokens and the returns on stock and commodity markets. The
results of the study indicate the low investment attractiveness of energy tokens com-
pared to investments in stock markets, commodity markets and investments in major
cryptocurrencies such as Bitcoin and Ethereum. The research therefore indicates that
buyers of energy tokens today should not be driven by investment or speculative mo-
tives but rather by a desire to obtain a means of clearing energy trading, or other utility.

Keywords: digital tokens, tokenization, climate-aligned tokens, energy tokens, invest-
ment efficiency.

JEL codes: G11, G12,013, Q54.

Introduction

The ever advancing climate change requires the taking of immediate action if we
want to halt environmental degradation and ensure the energy security. This issue
has become so important and pressing that in 2015 the UN passed the Resolution
on Sustainable Development Goals,among which climate and energy issues were
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prioritised (United Nations, 2015). The latest report of the Intergovernmental
Panel on Climate Change leaves no illusions that climate change can be stopped
now. The authors predict that over the next twenty years, global temperatures
will on average reach or exceed a 1.5°C increase (IPCC,2021). Hence the numer-
ous calls for governments and international associations (such as the European
Union) to accelerate action regarding the climate and energy policy.

On 7 March 2018 the European Commission launched the Action Plan for
Financing Sustainable Growth aimed at encouraging and promoting sustainable
investment. This act is in line with the European policy for a new sustainable
world and continues the work carried out by European authorities following
the Paris Agreement and the UN Agenda (EC, 2018). It is therefore becoming
a priority for the EU to implement the Green Deal strategy and in particular
the energy sector which is responsible for 75% of the EU’s greenhouse gas emis-
sions (EC, 2019). It should also be noted that the European Union is increas-
ingly promoting further legislative initiatives related to financing and investing
in sustainable and green assets (investments) such as the Sustainable Finance
Disclosure Regulation (European Parliament and the Council, 2019), among
others, which is a set of new regulations that help to better classify the sustain-
able specification of investment funds and the new EU Taxonomy, which offers
a classification for economic activities that are green and sustainable.

The energy market is therefore becoming an increasingly attractive market
from the point of view of financing and investment including digital invest-
ment (Andoni et al., 2019). Furthermore the use of the decentralised ledger
technology (DLT) and the tokenization process is increasingly being considered
in the energy sector. According to the Union of the Electricity Industry, which
represents 3,500 energy sector companies across Europe, a blockchain enables
secure data storage and executing smart contracts in peer-to-peer networks.
Owing to its unique attributes, this technology has the potential to play a sig-
nificant role in the energy sector. The possible solutions that could be imple-
mented across the electricity supply chain, with regard to process optimization,
include networks and trading platforms as the traditional wholesale trading as
well as peer-to-peer (Eurelectric, 2017).

The main aim of the article is to answer the question about the attractive-
ness of energy tokens as an instrument for financial investment and diversifi-
cation of the investment portfolio of market investors. To realize this objective
the authors will also identify energy tokens among financial green instruments
and climate-aligned tokens based on their use to date.

To the best of the authors’ knowledge this is the first analysis ever to include
energy tokens in a portfolio analysis as financial instruments. This is because
so far the main focus has been on researching this digital token in its payment
and utility function only.

The article is organised into three main sections. The first section presents
an analysis of the research and literature on the new blockchain technology
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and climate-aligned tokens in the energy sector. In the next section the authors
describe the essence and classification criteria of energy tokens and present
data and the research methodology. In the last section the results of empirical
studies conducted on the investment efficiency of energy tokens are presented
and their portfolio attractiveness.

1. Literature review

The last decade has seen a sharp increase in the volume and value of green
assets issued by the public and private sectors (Wisniewski & Zielinski, 2019,
pp. 83-96). According to the Climate Bond Initiative (BI, 2022), in 2021 the
global green bond market was worth USD 1.6 tn—dominated by bonds issued
by sovereigns, government-back entities, local governments and development
banks. Additionally, sustainability bonds, which finance the implementation of
both green and social goals, appeared in the statistics. In 2021 the value of the
market for these bonds amounted to USD 520.5 bn, and their issuers included
mainly development banks, however not excluding sovereigns, government-
backed entities and local governments. This path is also being followed by pri-
vate entities which increasingly use repayable financing (loans, bonds) of green
nature. The commitments entered into finance green activities specified by the
issuer, which constitutes an incentive for social and environmental responsible
investors to purchase these instruments. In order for an investor to be confi-
dent in the greenness of their investment certification by institutions such as
the Climate Bond Initiative, CICERO, Moody’s Green Bond Assessments and
Standard & Poor’s Green Evaluation is required (Ehlers & Packer, 2017, p. 93).
It is emphasised that such certification makes it easier for a green debt issuer
(both public and private issuer) to place a bond issue and reduces the investor’s
margin, thus reducing the cost of debt, due to the additional bonus investors
receive in the form of the belief that they are doing something valuable for the
environment (Wisniewski & Zielinski, 2019, pp. 83-96).

Modern technologies and digital tokens based on them are increasingly be-
coming an alternative to the so-called traditional methods of financing climate
and energy policy. Nowadays many different applications of the DLT technology
can be found as far as energy is concerned. First of all blockchain is used in en-
ergy trading—buying and selling individually generated energy—by individual
users. With the help of this technology electricity trading platforms are created,
services enabling payment for charging electric vehicles at stations, or giving
users the opportunity to quickly change energy service providers (Basden &
Cottrell, 2017). The literature highlights that the use of new technological so-
lutions can increase the security of energy trading as the technology perfectly
allows for confirmation of ownership, it is a reliable and inexpensive way to
conduct and control transactions without a central generation unit of power
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and promotes the development of the renewable energy microgrid. Moreover
it introduces intelligent solutions and energy management systems to ensure
universal and safe access to energy. Blockchain, through the liquidation of in-
termediaries and introduction of P2P transactions, also allows the reduction
of energy prices under conditions of high competition (Varnavskiy et al., 2018,
pp.46-49). Researchers dealing with the possible applications of the technology
described also point to its use for: crowdfunding of assets and distribution of
revenue, facilitating green energy investments and assets co-ownership, bring-
ing together sustainable energy projects and prospective investors, rewarding
low-carbon and green energy production (Andoni et al., 2019, pp. 158-159).

Issuers of energy tokens are entities involved in providing clean energy, me-
diating its settlement, as well as implementing new solutions in the renewable
energy market. Generally digital tokens or cryptoassets are defined as a digi-
tal representation of value or rights which may be transferred and stored elec-
tronically using the distributed ledger technology or a similar technology (EC,
2020). Digital tokens are currently used in many business models (Diedrich,
2016; Adhami, Giudici, & Martinazzi, 2018; Tonnissen, Beinke, & Teuteberg,
2020). Their diversity in terms of functionality has also given rise to the rec-
ognition of a new area of analysis called the Token Economy or Tokenomics
for short (Mougayar, 2017). The most important division of digital tokens is
mainly based on three aspects: the purpose of their creation, the function they
are supposed to perform and their technical aspects.

Climate-aligned tokens can be used in a wide variety of ways for direct fi-
nancing of climate and energy policy (on digital platforms); they can also be
used as an investment instrument (e.g. for trading on digital stock exchang-
es) for clearing purposes (e.g. in energy trading) or for utility purposes, en-
titling their holder to certain services. It is also worth noting that although
digital tokens are most often issued by institutional entities, personal tokens
are becoming increasingly popular (Marchewka-Bartkowiak & Nowak, 2020).
In future it should therefore be possible to use tokens by households or in-
dividuals in the climate-energy area not only as beneficiaries, but also as is-
suers of tokens (e.g. of energy surpluses). From a technical point of view, the
construction of climate-aligned tokens can be based on existing functionali-
ties of digital tokens such as technological link with platforms, a price stabil-
ity standard or smart contract.

Energy tokens can thus be considered as a means of payment in a clear-
ing or utility function (Varnavskiy et al., 2018; Andoni et al., 2019) but also as
a commodity (Guseva, 2021, pp. 175-176) or decentralised means of invest-
ments (Lin & Tjio, 2020, p. 1). Thus these tokens can also represent an alter-
native form of investment compared to classical financial instruments such as
stocks, bonds or mutual fund units. Even if they are not “equity” tokens, which
are a digitalised form of financial instruments, they can be regarded as an al-
ternative investment such as investments in commodities (oil, metals, grain).
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2. Data and research methodology

Referring to the above considerations the authors decided to propose two clas-
sification of energy tokens as the basis for the research. The first looks at the
arole of energy tokens as a green instrument issued to finance tasks and activi-
ties of climate and energy policy (Table 1). In this classification energy tokens
are considered as the modern (digital) and private issued financial instrument
based on the digital technology (DLT).

Table 1. Financial instruments in financing tasks and activities regarding climate
change

Economy Financial instruments
sector Traditional Modern (digital)
Public Budgetary sources Climate-aligned tokens
(including budgetary spending on (e.g. green bond tokens)

green investments, green tax credits,
public taxes and charges on entities
acting to the detriment of the environ-
ment, public revenues from green debt,
especially green bonds)

Private ESG-linked loans and securities Climate-aligned tokens
(including green bonds and loans) (e.g. energy, climate, green tokens)

Source: Own elaboration.

The second classification takes into account three of the above mentioned
general functionalities such as: technological links with digital platforms, price
stability standard and a digital contract. The characteristics of climate-aligned
tokens within the framework of digital tokens classification accepted in the
literature (BIS, 2018; FSB, 2018; ESMA, 2018; ECB, 2019; OECD, 2019; FCA,
2018; Oliveira, Zavolokina, Bauer, & Schwabe, 2018) are presented in Table 2.

Table 2. Energy tokens features

Criteria Energy tokens features

Aim of the creation (issuance) Climate-aligned tokens

Exchange type (payment tokens)
The value or rights represented Utility type (utility tokens)
Investment type (asset or security tokens)

Private sector

Type of the issuance _— o .
P Institutional or individual entities

Method of technological link Native or non-native tokens
Price/value stability standard Stable or non-stable tokens
Digital contract Fungible or non-fungible tokens

Source: Own elaboration.
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The study is based on a group of nine energy tokens. Table 3 presents their
characteristics specifying the type of issuer, services offered, availability, etc.,
as well as their market capitalisation value, and describing their essence. Data
for the analysis was obtained from CoinMarketCap and CoinGecko portals,
while detailed information on the tokens was collected from the websites of
their issuers. Detailed descriptions of the energy tokens and the technical so-
lutions used are also described in detail in: (Andoni et al., 2019; Varnavskiy et
al., 2018; SolarPlaza, 2018; PWC, 2018).

The list of energy tokens presented in Table 3 allows several observations
to be made:

- in most cases energy tokens have the nature of payment tokens—with their
help individual energy producers and energy buyers can make settlements
without an intermediary which can reduce the cost of electricity; others al-
low for the self-creation of tokens by entities interested in using the created
blockchain or decentralised applications (DApps), or even the creation of
coins thanks to charging electric vehicles from a specific network;

— the first tokens of this type appeared in 2017 and the dominant part of them
was implemented a year later; two of them were launched only in 2020;

- the majority (six out of nine) of the surveyed energy tokens are native to-
kens, meaning that their issuers have created their own blockchain—the
others were based on Ethereum (non-native tokens);

- market capitalisation of the researched tokens is very diverse and very vari-
able—from a few hundred thousand USD to almost 200 million. In April
2022 the average value of the market capitalisation of all energy tokens, as
reported on the aforementioned portals, amounted to approximately USD
500 million with the daily turnover exceeding USD 50 million.

It is therefore clear to see that most of the instruments described are of pay-
ment or use character which definitely defines the nature of their users (buy-
ers). In such an approach the valuation of these instruments is highly difficult,
as it is subjective in nature to value access to some service, or the possibility of
relatively cheaper acquisition or disposal of energy, or to value the “utility” of
owning a token that has created capital for the creation of renewable energy
sources, or to value the possibility of creating one’s own DApp.

In the era of progressive changes related primarily to the greater digitalisa-
tion of modern life the change in investor behaviour, including a greater inter-
est in acquiring digital and at the same time alternative instruments, with their
greater availability and lower transaction costs compared to classical financial
instruments, the acquisition of energy tokens may represent an alternative for
the investor. Of course valuing his satisfaction resulting from the fact that he
allocates his resources to finance environmentally friendly actions is highly dif-
ficult due to its subjective nature. However, evaluation from the point of view
of financial investment is most possible and objective, too.
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The fundamental research on energy tokens undertaken by the authors con-
cerns in particular the following:

- analysis of profitability, risk and investment efficiency of tokens in the light
of classical measures used by investors;

— the correlation between the returns of the tokens under study (intra-group),
as well as between the returns of these tokens and selected stock indices.

The authors have attempted to apply classical investment measures, includ-
ing in particular profitability, risk and efficiency to the verification of the tokens
under analysis. Such a look at energy tokens leads to an assessment of their in-
vestment attractiveness from the perspective of portfolio analysis. By invest-
ment attractiveness of a particular instrument the authors understand its high
expected return and low risk (low volatility of returns)—according to the port-
folio theory of Markowitz (1952). Investment efficiency will be considered in
terms of reward-to-variability, as the relationship between the above categories,
according to the commonly used concept, formulated by Sharpe (1966, 1994).

Although in the literature it is possible to find a study of the risk of investing
in tokens (initial coin offerings—ICOs) using the Value-at-Risk methodology
(Kurylek, 2020, pp. 512-530) or the systematic risk studies of investing in coins
in comparison to the other investment instruments (Barbu, Boitan, & Cepoi,
2022, pp. 29-49), in this study the authors focused on classical risk measures
such as standard deviation of returns which to the best of the authors’ knowl-
edge no one has done before.

The study conducted concerns the energy tokens characterised above for
the period from 12 November 2017 to the end of April 2022 (i.e. from when
they were listed on the indicated information platforms).

To measure their investment attractiveness in a comparative manner re-
search was also conducted on:

- the major cryptocurrencies (Bitcoin (BTC) and Ethereum (ETH)),

- indices of the largest world stock exchanges (American: SPX, DJI, Brazilian:
BVP, British: FTM, German: DAX, French: CAC and Japanese: NKX),

- and for alternative commodity investments (gold price (XAU) and WTI-
NYMEX crude oil price (CL.F)).

Weekly logarithmic returns were determined for the investment evaluation
of the tokens (definition of return attached in the appendix). The choice of such
an interval was dictated by the need to standardise the frequency of data—in
the case of stock market indices a week is, in principle, five days long, while in
the case of tokens, data are available on each day of the week.

In addition to examining the investment attractiveness of energy tokens the
authors also looked at the relationship between their returns and those of stocks
and commodities, because for investors who want to diversify their portfolio
and make it resilient to changes in the economic situation, it is also impor-
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tant whether the prices of the assets held are correlated with each other—how
strongly and in what direction. Therefore, the next study undertaken is an anal-
ysis of the correlation of the returns of tokens, stock indices and commodities.

3. Research results

For each considered token, stock index and commodity price the following
measures of investment attractiveness were determined (Table 4) (definitions
of applied measures attached in the appendix):

- profitability, determined as the arithmetic average return,

- risk, described by the standard deviation of the returns,

- effectiveness, calculated with the Sharpe ratio (quotient of average return
and standard deviation of returns—the value of risk-free rate was omitted
in the Sharpe ratio calculation due to the effectively zero interest rates oc-
curring in the analysed period).

For easier reading tokens are marked in bold and shaded, cryptocurrencies
in bold, stock indices in italics, and commodity prices without distinction (this
also applies to the next table). The measures presented in the table indicate sig-
nificant variation in profitability, risk and efficiency of the instruments studied.
In addition, unlike indices, commodities and BTC and ETH, some tokens are
new instruments and therefore have not been traded in the entire period since
November 2017. To highlight this fact the Table 4 notes the number of weeks
from April 2022 backwards for which data was available.

Table 4 despite providing detailed information on the measures described
does not facilitate the drawing of synthetic conclusions. Therefore, on the basis
of this data an investment ranking was made in the indicated three criteria and
its results are presented in Table 5. The places in the ranking mean respectively
the highest profitability, the lowest risk and the highest efficiency of a given to-
ken, stock index or commodity.

The results of the study clearly show that—in light of the investment meas-
ures used—most energy tokens perform worse than investments in stocks or
commodities. The only exception to the list is the Energy Web Token which is
characterised by above-average profitability and efficiency, but its case should
be analysed with great caution due to its shortest period on the market. POWR
and GRID Tokens were also characterised by high profitability, however, they
both occupy the last places in the risk ranking. The study showed that even
during such a turbulent time—the COVID-19 pandemic period—the stock
and commodity markets were characterised by lower risk than investments in
cryptocurrencies and the energy tokens under study.

In addition to examining the investment attractiveness of energy tokens, an-
other part of the study examined the relationship between their returns and the
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Table 5. Investment ranking of energy tokens and selected cryptocurrencies,
stock indices and commodity prices

Rank Profitability Risk Effectiveness
1 EWT XAU EWT
2 ETH SPX XAU
3 BTC FTM SPX
4 POWR Dj1 BTC
5 CL.F NKX ETH
6 SPX CAC BVP
7 BVP DAX DjI
8 XAU BVP CL.F
9 DjI CL.F CAC

10 GRID BTC POWR
11 CAC ETH NKX
12 NKX WOzZX DAX
13 DAX SNC FTM
14 FTM WPR GRID
15 SNC EWT CHG
16 CHG POWR SNC
17 ELEC ELEC ELEC
18 WPR TSL WPR
19 TSL GRID TSL
20 wozX CHG WOZX

Source: Own elaboration.

returns of stocks and commodities. This issue is crucial for investors who want
to diversify their portfolio and make it resilient to economic fluctuations. It is
therefore important whether the prices of the assets held are correlated with
each other—how strongly and in what direction.

The values of the Pearson correlation coefficient between the returns of to-
kens, stock indices and commodities were determined for the available data
(respectively, the number of weeks of trading of a given token indicated in
Table 4). The matrix of the correlation coefficient value is presented in Table
6 with bold highlighting those values where there is statistical significance of
the relationship for a significance level of 0.05; while grey highlights those val-
ues where the p-value is below one per mille, indicating a strong correlation.

Generally, the results indicate rather weak correlation between the returns
of energy tokens and stock market indices, gold and oil prices. This means that
the markets for these instruments are not strongly correlated which is an ad-
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vantage for an investor wishing to diversify his or her portfolio and make it
resilient to economic changes. Additionally, the energy tokens analysed do not
show very strong intra-group linkages—the exceptions being EWT, POWR and
GRID tokens where linkages with some other tokens are noticeable. Importantly
some of the tokens also do not show links to the key cryptocurrencies, Bitcoin
and Ethereum, which may be due to the fact that many of them are based on
separate blockchains.

Conclusions

The considerations on tokenization in the field of climate and energy policy
presented in this study have allowed the authors to formulate a number of con-
clusions of a theoretical and practical nature.

Taking into account the ongoing climate changes the authors point to the
key role of the state and international organisations in this process. The con-
siderations made at the beginning clearly indicate that common resources, in-
cluding water, air, solar energy, land should be the subject of state interest and
providing society with access to these resources in the modern economy has
become a public good. Therefore, the provision of such a good should be fi-
nanced similarly to other public goods.

This does not mean that private entities do not have the possibility to care
for the environment. On the contrary in addition to taking action to reduce the
burden of our daily lives on the environment it is also possible to use modern
technologies including blockchain technology to solve environmental problems.

One possible action is to use tokenization in solving energy problems. Energy
tokens on the market allow for energy settlements, in particular between pri-
vate buyers and providers (prosumers), financing the creation of their own re-
newable energy sources, or creating own DApps (Decentralised Applications).

The valuation of the environmental benefits of acquiring energy tokens re-
mains a subjective issue. These benefits may have a financial dimension in the
form of lower costs of electricity generation or a more attractive form of its
sale by individual small producers bypassing the intermediary. It may be pos-
sible to calculate these benefits for an individual user but the benefits depend
on many individual characteristics—how much energy the user buys/sells, in
what cycles and finally on whether he or she can derive any tax benefits from
it. It is even more difficult to assess the value of non-financial benefits such as
the satisfaction of doing something good for the environment.

Despite this, the authors have attempted to evaluate energy tokens from the
point of view of their investment attractiveness. Obviously, apart from their
clearing and utility values, the buyer of such a token may treat it as an alterna-
tive investment instrument. However, the results of this research indicate the
low investment attractiveness of the tokens in question. Compared to invest-
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ments in stock or commodity markets or even to investments in major cryp-
tocurrencies such as Bitcoin and Ethereum investments in energy tokens are
characterised by relatively lower profitability and higher risk, which from the
point of view of investment efficiency, measured using the Sharpe ratio, places
them lowest in the prepared ranking here. This research may therefore indi-
cate that purchasers of energy tokens should not be driven by investment and
speculative motives but rather by the desire to obtain a means of clearing en-
ergy trading, or other utility.

Appendix

Measures used in the paper:
- weeklylogarithmic return (used to measure investment performance of each
token and comparative asset):

R - ln(LJ
P,
where:

P, — asset’s price in t period,
P, - asset’s price one week before period t;
- arithmetic average return:

1_2 — Z;Rf

n

where n — number of periods;
- standard deviation of the returns:

— the Sharpe ratio (the value of risk-free rate (Rf) was omitted in the Sharpe
ratio calculation due to the effectively zero interest rates occurring in the
analysed period):

R-R

o

Sharperatio = !

— Pearson correlation coefficient:

- 2 =D -7)
BN S N s a3

where x and y stay for returns of two different tokens / assets.
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