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Abstract: There are different studies that point out that the price of electricity is a fundamental
factor that will influence the mining decision, due to the cost it represents. There is also an ongoing
debate about the pollution generated by cryptocurrency mining, and whether or not the use of
renewable energies will solve the problem of its sustainability. In our study, starting from the
Environmental Performance Index (EPI), we have considered several determinants of cryptocurrency
mining: energy price, how that energy is generated, temperature, legal constraints, human capital,
and R&D&I. From this, via linear regression, we recalculated this EPI by including the above factors
that affect cryptocurrency mining in a sustainable way. The study determines, once the EPI has been
readjusted, that the most sustainable countries to perform cryptocurrency mining are Denmark and
Germany. In fact, of the top ten countries eight of them are European (Denmark, Germany, Sweden,
Switzerland, Finland, Austria, and the United Kingdom); and the remaining two are Asian (South
Korea and Japan).

Keywords: sustainable mining; cryptocurrency mining; energetic sustainability; sustainability;
sustainability of cryptocurrencies; cryptocurrencies

1. Introduction

The accelerated development of new technologies is transforming the traditional
forms and balances of economic and social organization [1]. In particular, the confluence
of technological, economic, and socio-cultural factors is changing the conventional ways
in which commercial exchanges take place [2] and by extension, payment systems [3]. In
recent years, a diverse set of virtual or digital currencies known as cryptocurrencies have
emerged strongly that act as means of exchange and adopt the functions of money in this
sense, but “unlike traditional currency, is untethered to, and independent from, national
borders, central banks, sovereigns, or fiats” [4]. The phenomenon of cryptocurrencies is
a controversial reality that has been analyzed from multiple approaches and disciplines
ranging from economics, sociology, engineering or political science, among others [5]. One
of the aspects that are part of the debate around cryptocurrencies is the significant electrical
energy needs required by mining processes and the consequent potential environmental
impact [6], which has led some cryptocurrency mining powers such as China to raise the
possibility of banning them [7]. On 1 November 2008, few could have imagined the impact
and importance that the submission made by “Satoshi Nakamoto” would have. That day,
a new “peer-to-peer” [8] electronic payment system was announced on the Metzworld
cryptography mailing list, where its operation and features were explained; thus Bitcoin
(hereinafter BTC) was born [9]. Its growth over time has increased: both users, price,
and also detractors. However, the fact we want to focus on in this article is how the
price of Bitcoin was first set with respect to a traditional currency, the US Dollar. This
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price was set at the now defunct online exchange house New Liberty Standard in 2015.
The aforementioned online exchange house sold 5050 BTC for 5.02 US Dollars, which is
equivalent to one dollar for every 1006 BTC [10]. The Bitcoin mining process is always
the same: the “miners” receive a new mathematical problem every ten minutes and the
fastest to solve it gets the new coins that are put into circulation [11,12]. This mathematical
problem is based on random calculations that aim to find the solution and thus obtain
the validation of the block [13]. Whoever deciphers this will get the reward, provided
that the rest of the members of the network confirm that the answer is correct. Currently,
6.25 Bitcoins are obtained for each new block validated; this is due to the third Bitcoin
halving that took place on 11 May 2020 [14]. We must consider that to this fixed amount
of Bitcoins are added the commissions for each of the transactions. The generation of
these types of virtual currencies involves the use of a large number of computers working
simultaneously, so it implies a large energy expenditure [15,16]. Despite the popularization
of this problem, the existing literature on this issue is still scarce.

In this context, this article aims to respond to the challenge of ensuring a higher
sustainability factor for mining tasks. To this end, it examines, among a very broad set
of countries, the profile of those countries that are optimal for carrying out such tasks,
giving priority to the sustainability factor. The original contribution of this article is that
the analysis is not only limited to the analysis of the economic viability quantified through
the different energy costs, but also incorporates a particularly relevant factor in our day,
namely, environmental sustainability, into the analysis.

For this purpose, the study adopts a mainly empirical analytical method, through
the analysis of frequencies and correlations; 144 countries were considered as the study
population, of which 133 finally made up the study sample.

2. Literature Review

There is currently a great debate in the scientific community about the impact that
mining Bitcoin and other cryptocurrencies can have on the environment; and to what
extent this exponential growth in mining can have on the objectives established to mitigate
climate change [17]. The authors [18,19] point out in their study that “energy-derived
emissions from mining could drive global warming above 2 °C”. Very illustrative of
the above, for the purpose of economically quantifying this impact, is what is collected
by [20] in his study that points out that “the results illustrate a scenario where each 1 USD
of cryptocurrency coin value created would be responsible for 0.66 UDS in health and
climate damages”. On the other hand, other authors such as [21] defend that implausible
projections are being made, which are overestimating Bitcoin CO, emissions in the short
term; who are joined by [22] who likewise criticizes “the inclusion of unprofitable mining
platforms [ ... ], thus greatly overestimating emissions”. However, despite the results
reported by [18-20], there is currently a great debate in the scientific community about the
real impact of cryptocurrency mining on the environment, as other authors, such as [21,22],
argue that this impact is overestimated. Furthermore, [23] indicate that in addition to
Bitcoin, the expansion of the entire blockchain-based industry must be taken into account
when calculating the environmental impact, and they put forward six scenarios. Thus,
the authors [24] advocate that “a site regulation policy that induces changes in the energy
consumption structure of mining activities is more effective in limiting carbon emissions”
arising from cryptocurrency and blockchain mining. All this, referring to China, which as
we indicate below currently accounts for 72% of the global hash rate. What is undeniable,
beyond the estimates made, is that the mining of cryptocurrencies and the use of blockchain
means an increase in energy demand, and that depending on how it is produced, it will
have a greater or lesser impact on the environment. It is an indisputable fact that the lack of
official statistics on the number of miners and the energy efficiency of their platforms makes
it difficult to accurately estimate the environmental impact of mining processes. Despite
this, some authors have made an effort to estimate the associated energy consumption.
Thus, [25] points out that Bitcoin mining “is responsible for 13,000 kg of CO, emissions
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for each bitcoin mined, and 40,000 kg of CO, per hour” and also at a global level involves
an “annual electricity consumption for bitcoin production that is currently equivalent to
32.56 tera-watts per hour (TWh), this being greater than the aggregate consumption of
Ireland or Denmark”. It was estimated by [26] that “From 1 January 2016 to 30 June 2018, we
estimate that mining Bitcoin, Ethereum, Litecoin and Monero consumed an average of 17,
7,7 and 14 MJ to generate one USD, respectively”; during this period the authors estimate
that “mining for all 4 cryptocurrencies was responsible for 3—15 million tonnes of CO,
emissions”. Other estimates can be found in the Cambridge Bitcoin Electricity Consumption
Index, prepared by the Cambridge Centre for Alternative Finance (UK), in May 2021 where
they estimate, under a model that incorporates hash rates, payouts to miners, the efficiency
of mining rigs, among other variables, that Bitcoin mining consumes 124.6 TWh per year,
surpassing the electricity consumption of Pakistan and Norway (120.56 and 124.13 TWh per
year, respectively) and is about to surpass countries such as Argentina and Ukraine whose
consumption is 125.03 and 128.81 TWh per year, respectively [27]. Therefore, this increasing
energy consumption brings with it potential environmental problems as a consequence of
the boom in cryptocurrency mining and trading [28]; “empirical results show a positive
correlation between crypto-currencies trading volumes and the energy consumption”. In
addition, the prediction shown in Figure 1 shows that consumption will continue to grow.

Estimation

Year

Figure 1. Estimated energy consumption from Bitcoin mining (annualized TWh). Source: Own
elaboration using Tableau Desktop Professional Edition and data extracted in May 2021 from the
University of Cambridge.

Depending on how such energy is being generated, it can cause an increase in pollu-
tion, air pollution being one of them [29,30]. There are several studies on this issue such
as [31] “the impact derived from increased energy generation (by mining); does not clearly
generate socioeconomic benefits for the county and brings environmental implications”;
or also [32] when they point out that “the Bitcoin blockchain validation process requires
specialized hardware and large amounts of electricity, which translates into a significant
carbon footprint”. In addition to the energy consumption directly linked to mining pro-
cesses, there are other associated factors that directly impact environmental sustainability.
In particular, some authors [7] point to the increase in e-waste and the additional energy
needs to counteract the heat released from the rigs. For all of the above, new (and sustain-
able) solutions should be devised to mitigate or eliminate the adverse effects derived from
Bitcoin mining. Examples of this can be found in [33] who propose the reuse of waste heat
derived from cryptocurrency mining in Finland, to heat a multifamily dwelling; similar
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solutions were proposed by [34] in Russia as well as [35] in the case of Canada; or even
to design a heat generator (stove), based on the mining of cryptocurrencies, as recently
proposed by [36]. Other alternatives proposed to reduce electricity demand consist of
incorporating new algorithms that can ensure digital transactions that require reduced
energy consumption [6]. Along the same lines, [37] argue that there is a direct relationship
between the amount of energy required for proof-of-work and its design. These authors
present a proposal consisting of eliminating the nonce and therefore the burden of the
proof-of-work as “the main cause of the energy waste in cryptocurrencies such as Bitcoin.”

However, the purpose of this article is not to find a solution to the high energy
consumption derived from Bitcoin mining as advocated by some authors, nor to propose a
solution to the heat given off by computer equipment while solving problems; generating
higher electricity consumption and therefore higher CO, emissions, ultimately affecting
climate change. In this article we seek to apply a method that allows us to detect those
countries that would be optimal for mining cryptocurrencies, taking into account a number
of factors that could contribute to more sustainable mining. To do this, we considered
the price of electricity (the lower the cost, the better), the amount of energy generated
in a sustainable way (country with more % of clean energy generated), the temperature
(assuming that a lower temperature is better, as it implies less consumption for cooling), the
legal regulations (not prohibited or incentives), and finally, the development of new mining
systems (countries with more R+D+I advantage). According to [24], 75% of BTC mining
occurs in China due to the proximity to hardware manufacturers and lower electricity costs.
Recently, the Chinese government has banned financial institutions in the country from
trading cryptocurrencies. Behind this decision is the attempt to prevent competition with
the digital yuan project headed by the People’s Bank of China. This fact, together with
the announcement of Tesla’s president not to accept these decentralized digital assets as
a means of payment has caused a fall in the quotation during the month of May. One of
the arguments used by the car company is the high environmental impact generated by
mining, which compromises environmental sustainability. However, from an economic
sustainability point of view (i.e., the capacity of this activity to generate profits in the future)
it can be indicated that the activity will continue to be profitable in the short term because
the volume of transactions is high, but it will tend to decrease because the rewards decrease
every few years and as the creation of certain cryptocurrencies progresses it is closer to the
established limit.

3. Materials and Methods
3.1. Materials

As pointed out by [38], “energy consumption is not the main concern in many
blockchain applications”, furthermore, [28] points out about blockchain and mining that
“this technology could generate a risk of concentration in the mining industry thus affect-
ing nature”. When determining which would be the best countries in which to carry out
cryptocurrency mining in a sustainable way (or at least in the least environmentally dam-
aging way), it is necessary to take into account those countries that are more sustainable.
For this purpose, the Environmental Performance Index [39] has been used as a starting
point, which provides a quantitative basis for comparing, analyzing, and understanding
the environmental performance of 180 countries; from the point of view of which is the
most sustainable and environmentally friendly. As material for analysis, the electricity
price of the countries in the sample were taken, as the electricity price is a fundamental
factor that will influence the mining decision, derived from the cost it represents [15,16,40].
Energy price data were extracted from the GlobalPetrolPrices consortium database, who,
for electricity prices, follow the national averages of 150 countries. For each country, they
calculate several data points for different levels of electricity consumption, as prices per
kWh vary with consumption [41]. Therefore, mining cryptocurrencies in a country based
on the price per kWh will be considered as deterministic [42,43]. For our purpose, it is also
necessary to know whether that energy is being produced sustainably. To measure this
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variable, we took each country’s data on electricity production from renewable sources.
For this purpose, we extracted the data provided by the World Bank, which are elaborated
on the basis of the International Energy Agency (IEA) and Organisation for Economic
Co-operation and Development (OECD)statistics [44]. The next factor taken into account
was the average temperature of the country where cryptocurrency mining is intended
to be performed as this process gives off a large amount of heat [18,19] and if mining
is performed in a country with mild or low temperatures, the climate itself can help to
decrease electricity consumption and pollution as less cooling is needed. To measure this
parameter, we took the data related to the annual average temperature (average of daily
minimum and maximum temperatures of the country), averaged for the years 1961-1990,
from the data provided by the Climatic Research Unit [45]. The next variable used and
taken into account when determining an optimal location for the establishment and mining
of cryptocurrencies is the legal regulations of the country in question. For this purpose,
the legality or illegality of operating with these virtual currencies was consulted. We have
only added those countries that have reliably prohibited its operation, while we have
taken as “legal operation” those that have not pronounced against it (in spite of a situation
of illegality); it is not prohibited, but it is not regulated either. Data on this legal issue
were extracted from Cointelegraph [46] and Bit2Me [47]. We also used data related to
the development of new mining systems through the relationship between countries that
invest more in R&D&I will have an advantage when using more advanced and sustainable
mining systems. For this purpose, we used the expenditure on research and development
variable (% of GDP) provided by the World Bank [48]. To the above, we added a final
variable to take into account and from which data was taken: the human development
index. We started from the assumption that those countries that combine a high HDI to-
gether with a high investment in R&D&I analyzed above, will be a better place to perform
cryptocurrency mining tasks. The analyzed data (human capital index on 0-1 scale) were
extracted from [49].

All the above data allowed us to generate Table 1, which includes the selection of
variables, as well as to elaborate the dataset included in the appendix as Table A1.

Table 1. Selection of variables.

Variable

Description Source

Renewable energy production (Er)

Electricity price (Pe)

Average annual temperature (T)

Legal regulations regarding the

Electricity production from renewable
sources (% of total)
Household electricity prices, September
2020 (kWh, USD)

Average daily minimum and maximum
temperatures for the country
legality or illegality of trading in these

Environmental Performance Index [39]
GlobalPetrolPrices consortium database

Climatic Research Unit [45]

cryptocurrency mining process (IN)
R&D expenditure (Id)
Human capital index (Dh)

Most Sustainable countries (Msc)

virtual currencies
R&D expenditure as a % of GDP
Scale 0-1

Scale 0-100

Cointelegraph [46] y Bit2Me [47]

The World Bank, 2021
The World Bank, 2021
University of Yale. Environmental

Performance Index (EPI) 2020

Source: Own elaboration.

Where Y, would be our dependent variable (most sustainable country), Pe would be
the price of electricity, Er would be the production of energy from renewable sources, T
would be the temperature of the country in question, N would be the regulation (whether
or not mining cryptocurrencies is prohibited), Id would be the R&D&I expenditure variable,
and finally Dh would be the human capital index variable.

3.2. Methodology

Once all the necessary information was compiled in the database that we generated,
which appears in the appendix as Table A1, we proceeded to readjust the Environmental
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Performance Index (EPI) through linear regression, to approximate the dependency rela-
tionship between our dependent variable Y (which in our case will be the most sustainable
country according to its score in the readjusted EPI); m independent variables Xi (which in
our case are the six first variables as listed in Table 1) with m € Z +, and a random term
e [50,51].

Y260+[31X1+62X2+...+[3an+£ (1)

Since the parameters 3¢, 31 ... are unknown constants, these must be estimated using
the sample data we collected [51,52]. For this purpose, starting from the linear regression
model and applying it to the data contained in Table A1 of the appendix, we obtained the
descriptive statistics contained in Table A2 of the appendix where our statistical analysis
sample (N) consists of 133 countries for which complete data are available, despite the fact
that 144 countries appear in the initial dataset. The difference is due to the lack of data
on the human capital index variable in several countries. After the application of linear
regression to refit the EPI with our new variables, we obtained the model summary and
the estimation of the 3 parameters of the model in Tables 2 and 3.

Table 2. Model summary.

Adjusted Standard Error of
R-Squared the Estimate
1 0.887 0.787 0.777 7.5552 2.074
Source: Own elaboration based on data from Table A2 and IBM SPSS Statistics 27.

Model R R-Squared Durbin-Watson

As predictors, we used: (Constant); HDI; ban mining/operation with cryptocurrencies;
electricity production from renewable sources, excluding hydroelectric (% of total); average
temperature per country in degrees; R&D&I; research and development expenditure (%
of GDP); electricity prices for households, September 2020 (kWh, USD); and being our
dependent variable, the most sustainable country. After applying the above model, we
managed to estimate the 39, $1 ... parameters using the sample data we collected and
processed with SPSS [51]; and they are listed in Table 3.

If we therefore take the data obtained from the previous table on the unstandardized
f coefficients, we obtain that our new adjusted sustainability index (adjusted EPI) is
represented by the following equation:

ASi = 13.769 + (28.63 x Pe) + (0.142 x Er) + (—0.294 x T) + (2.515 x N) + (4.164 x Id) + (51.519 x Dh). )

Table 3. Estimation of the parameters 3 of the model. Dependent variable: most sustainable country.

Unstandardized Standardized 95.0% Confidence
Coefficients Coefficients . Interval for
Model T Sig.
B Deviation B Lower Upper
Error Limit Limit
(Constant) 13.769 4.743 2.903 0.004 4.383 23.156
Electricity prices (kWh, USD) 28.643 11.362 0.145 2.521 0.013 6.159 51.128
Electricity pmduc(ti/org ffr,:;;l;enewable SOUrCes, 142 0.076 0.099 1860 0045  0.009 0.292
1 Average temperature per country in degrees —0.294 0.098 —0.154 —-2987  0.003 —0.489 -0.099
Ban on cryptocurrency mining/operation 2.515 1.180 0.090 2.131 0.035 0.179 4.851
R&D expenditure ?;‘ gefsé%%‘ and development ;¢ 0.908 0.252 4583 0.000 2366 5.962
HDI 51.519 6.799 0.465 7.577 0.000 38.064 64.975

Source: Authors’ elaboration based on data from Table A2 and IBM SPSS Statistics 27.

4. Results

As we can see in Table 2, our R-squared coefficient yields a result of 0.787. The result
obtained shows that our new EPI is explained by 78.7% of our new independent variables
that we introduced. [52-54]. Moreover, in the same table we can observe the result yielded
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by the Durbin-Watson test for our proposed model. The value reached is 2.074 that is very
close to the value of 2, which according to the Durbin—-Watson test indicates that there is
an absence of autocorrelation in the regression model used [55]. Therefore, as can be seen
in the Table 2, our regression shows a high R-squared value and the adjusted R-squared
result, and also highlights the absence of endogeneity.

On the other hand, as shown in Table 4, after performing the ANOVA test the p-value
(Sig.) is less than 0.05. Therefore, the hypothesis presented can be accepted, which means
that at least one of the parameters is statistically different from “zero”, hence the model is
valid as a whole [51,53].

Table 4. ANOVA.

Model Sum of Squares gl Quadratic Average F Sig.
Regression 26,583.481 6 4430.580 77.619 0.000
1 Residual 7192.229 126 57.081
Total 33,775.709 132

Source: Authors’ elaboration based on data from Table A2 and IBM SPSS Statistics 27.

Where the following were used as new predictors in the adjusted EPI: HDI; mining
ban/operation with cryptocurrencies; electricity production from renewable sources, ex-
cluding hydroelectric (% of total); average temperature per country in degrees; R&D&I
research and development expenditure (% of GDP); and electricity prices for households,
September 2020 (kWh, U.S. Dollar). Finally, if we review the p-value (Sig.) in Table 3, they
are statistically different from zero (Sig < 0.05), so they can remain in the model [51,52].
Table A3 in the appendix contains the statistics of the residuals. If we apply the equation
obtained from the linear regression to the data contained in Table A1 in the appendix in
each country, we can obtain a visual ranking of those countries in which cryptocurrency
mining would be more sustainable. Considering the price of energy, but also weighting the
production of energy from clean or renewable sources of that country, the existing legal
restrictions on cryptocurrency mining, the human development index, and the investment
in R&D&I made, and last but not least, the average temperature of the country under study.
The average temperature is important, since in hot countries energy will be needed for
mining cryptocurrencies, but also much more energy will be needed to cool the computer
equipment while performing the mathematical calculations necessary for mining. This is
shown in Figure 2.

Therefore, once we adjusted the new index of the most sustainable countries, in this
case considering variables related to cryptocurrency mining, we can establish a composite
index. Table 5 shows the 15 most and least sustainable countries for cryptocurrency mining
derived from the index we have constructed. Table A4 in the appendix shows the new
complete EPI with all the countries in the sample.

We therefore see that the most sustainable countries for mining cryptocurrencies
are Denmark and Germany, followed by some distance by Sweden, South Korea, and
Switzerland. It is worth noting that within the top 10 most sustainable countries for mining
cryptocurrencies, eight of them are European (Denmark, Germany, Sweden, Switzerland,
Finland, Austria, and the United Kingdom), and the remaining two are Asian countries
(South Korea and Japan). In Europe, the trend seems clear: these are advanced countries
in clean energy production, where the price of electricity is average and there are no legal
obstacles. In addition, these are countries that invest in R&D&I, and human capital. In
Asia, the European pattern is repeated, as South Korea and Japan coincide with the above
characteristics.

In both cases (European and Asian) there is another parallelism: they are all countries
in the northern hemisphere, and within the northern hemisphere, most of them are located
in the northern part of the northern hemisphere. In addition to their location in the northern
hemisphere, all the countries at the top of the ranking share a common characteristic: they
have a high or very high GDP and GDP per capita. Additionally, according to several
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studies [56-58] there is a strong relationship between economic growth and environmental
quality and concern for the sustainability of their citizens. If we extend the list of analysis
to fifteen countries, only one non-European country appears on the list, partially breaking
with the previous trend: Israel. The remaining countries to complete the list of fifteen
countries are the Czech Republic, Ireland, the Netherlands, Portugal, and France. This list
can be consulted in the appendix, in Table A4.

S
Yy}
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Most sustainabl..

Figure 2. Most sustainable countries for cryptocurrency mining. Source: Own elaboration using
Tableau Desktop Professional Edition.

Table 5. Most and least sustainable countries for cryptocurrency mining index.

Most Sustainable Country for Least Sustainable Country for

Country Cryptocurrency Mining Index Country Cryptocurrency Mining Index
Denmark 87.0 Bolivia 9.3
Germany 82.3 Suriname 9.4
Sweden 78.3 Libya 10.0
South Korea 77.2 Venezuela 10.2
Switzerland 77.0 Cuba 11.4
Finland 76.8 Belize 15.3
Japan 76.5 Barbados 15.7
Austria 73.0 Bahamas 16.5
United Kingdom 73.0 Taiwan 17.2
Israel 72.3 Cape Verde 18.3
Czech Republic 71.7 Liechtenstein 22.2
Portugal 71.1 Pakistan 28.5
Ireland 71.0 Sudan 30.3
Netherlands 70.9 Nigeria 31.2
France 70.7 Iraq 31.5

Source: Own elaboration derived from the new adjusted EPI index and IBM SPSS Statistics 27.

On the contrasting side we would find those countries in which mining cryptocur-
rencies would not be sustainable. In this case, the worst places for environmental impact
in mining are South American countries (Bolivia, Venezuela, and Suriname) and the
Caribbean (Cuba). Furthermore, on the African continent, Libya, Sudan, and Nigeria stand
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out, and in the Middle East, Pakistan, and Iraq. This list can be found in Tables 5 and A4 in
Appendix A.

However, if we compare these results with Figure 3, which shows the average monthly
hash rate by country, we can see that cryptocurrency mining is not currently taking place
in those countries that would be more sustainable. The hash rate refers to the numerical
value within each cryptocurrency used by the proof-of-work. The value indicates the
number of computational operations that a miner (or the network of miners as a whole) is
capable of performing. All this in order to solve cryptographic puzzles derived from the
cryptographic function used by the cryptocurrency. So, the higher the hash rate, the more
cryptocurrency mining is taking place in that geographic area.

2l ke 6,08

© 2021 Mapbox © OpenStreetMap
Average Monthly ..

04 m——

0.40 170

Figure 3. Breakdown of average monthly hash rate by country. Source: Own elaboration using
Tableau Desktop Professional Edition and data extracted from University of Cambridge: Cambridge
Bitcoin electricity consumption index. Data from May 2021.

As we can see, China is undoubtedly the center of the world as far as cryptocurrency
mining is concerned, since with the data collected in the previous figure, we can see that
almost 72% of the world hash rate is carried out in China [27]. China is not one of the most
sustainable countries for cryptocurrency mining, in fact, it is in the 41st position in our
calculation of the most sustainable countries (see Table A4 in Appendix A). This implies
that if some of this mining were to be done in another more sustainable country (from
our economic-environmental point of view), the benefits for the environment would be
remarkable. Leaving China aside, we focus on other striking places on the map. Firstly,
Venezuela, which although it is among the countries with the highest hash rate (even at
0.46) [27], is the fourth least recommendable country according to our model for mining
activity (from the point of view of sustainability). Furthermore, noteworthy in Africa is
Libya, which is also among the countries with the highest global hash rate (even with 0.6)
and is the third least recommendable country according to our model for mining activity
(again from the perspective of sustainability). Finally, two other parts of the world should
be highlighted: Iran, with a hash rate of 2.67 and Malaysia with 3.82 [27]. These are places
where consistent cryptocurrency mining activity is taking place. However, neither are
countries that are well positioned according to our model in terms of sustainable mining.
In fact, Iran is ranked 116th out of 145 countries and Malaysia is ranked 63rd out of 145.
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5. Discussion

Electricity demand linked to cryptocurrency transactions has grown immensely in
recent years. Several factors have driven this energy consumption. Among them are “the
increasing difficulty in mining” and “the large number of new market participants that
have been attracted by the elevated prices of this developing financial asset” [59].

There are different studies such as the one by [60] that have tried to calculate “an
aggregate price of electricity derived from Bitcoin as a function of the mining locations and
the prices in these locations”, others such as [15,16] point out that the price of electricity
is a fundamental factor that will influence the mining decision, derived from the cost it
represents. In the same vein, [61] argue that mining activities will only be profitable in
those countries where the cost of electricity is lower than 0.14 USD/kWh and have the
most efficient mining technology.

In our study we proposed a study in which, taking into account several determinants
of cryptocurrency mining, we detected those countries that would be optimal from the
point of view of environmental sustainability, to carry out this activity. However, there are
authors such as [15] who point out that “renewable energies will not solve the problem
of Bitcoin sustainability”; and although this is possible in the long term, at least in the
short or medium term, cryptocurrency mining in countries where energy is generated
in a sustainable way instead of more polluting sources such as coal, will be a relief for
the environment. Thus, studies such as that of [62] point out that Bitcoin mining and
the potential profits derived from it can incentivize the development of wind farms or
renewable and sustainable energy sources. Furthermore, [63] point out that “a sustainable
energy strategy focused on the penetration of renewable energy power sources, together
with the use of energy efficient mining hardware, will alleviate Bitcoin’s carbon footprint”;
and according to [64], cryptocurrency mining is an opportunity for renewable energy.
Along the same lines, [16] indicate that “Blockchain applications are expected to reshape
the renewable energy market”.

In our study to detect the most sustainable countries to carry out cryptocurrency
mining activity, we used the following as variables:

First, electricity prices (kWh, U.S. Dollar). These data, present the limitation that they
refer to the year 2020, possibly having suffered some variation in the average price during
the period until 2021.

Secondly, we took the production of electricity from renewable sources (% of total) as
a variable. This variable has the same limitation, and that is that it refers to the closest data,
which is the year 2020, and differences may have occurred in some countries.

The third variable we used was the average temperature per country in degrees
Celsius. The limitation of this variable is that the 1961-1990 series was used, as we had
not obtained more recent data to cover the selected sample of countries. Regarding the
prohibition of mining/operation with cryptocurrencies by country, the limitation of this
variable is given by the following; and that is that we have only taken as negative those
countries that have “reliably” banned cryptocurrencies in their territory, but most of them
have not made any pronouncement. This generates a de facto situation of illegality: it is
not forbidden to operate with cryptocurrencies, but there is no clear regulatory framework
either.

Of the variables R&D&I research and development expenditure (% of GDP), human
capital index, and most sustainable countries, we did not detect any significant limitations.

Our statistical analysis sample (N) consists of 133 countries for which complete data are
available, despite the fact that 144 countries appear in the initial dataset. The difference is
due to missing data on the human capital index variable in several countries. After applying
the regression, R-squared yields a result of 0.787. In addition, the Durbin-Watson test on
our proposed model is 2.074, is very close to the value of 2, which according to this test
indicates that there is absence of autocorrelation in the regression model used. Furthermore,
after performing the ANOVA test, the p-value (Sig.) is less than 0.05. Therefore, the
hypothesis presented can be accepted. Based on the Environmental Performance Index
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(EPI), we considered several determinants of cryptocurrency mining: energy price, how
this energy is generated, temperature, legal constraints, human capital, and R&D&I. From
this, via linear regression, we recalculated this EPI by including the above factors that affect
cryptocurrency mining in a sustainable way. The study determines, once the EPI has been
readjusted, that the most sustainable countries for mining cryptocurrency are Denmark
and Germany. In fact, out of the top ten, eight of them are European (Denmark, Germany,
Sweden, Switzerland, Finland, Austria, and the United Kingdom); and the remaining two
are Asian (South Korea and Japan). On the opposite side we would find those countries
in which performing cryptocurrency mining activity would not be sustainable. In this
case, the worst places in terms of environmental impact in mining are South America
(Bolivia, Venezuela, and Suriname) and the Caribbean (Cuba). Furthermore, on the African
continent, Libya, Sudan, and Nigeria stand out, and in the Middle East, Pakistan and
Iraq. Similar techniques to find optimal countries have already been used by [65,66],
but in this case applicable to CBDCs. In addition, it must be taken into account that
the possible implementation of a CBDC will reduce the demand for cryptocurrencies
(even though they are very antagonistic systems), since one is centralized and the other
decentralized [67]. In future, cryptocurrencies will become stronger and more usable in
everyday life but once CBDCs (central bank digital currencies) are implemented these could
overtake cryptocurrencies and weigh down the use and popularity of digital currencies
such as Bitcoin. It will depend on whether the central banks finally decide to bet on CBDCs,
following in the wake of the leading countries in this implementation (such as Bahamas
or China); or not [68]; in the latter scenario having a greater demand for cryptocurrencies.
Additionally, it is that as noted by [69] “Bitcoin is still in an embryonic stage and needs to
evolve over time especially keeping pace with technological advances”; or also [70] “we
refute the hypothesis that cryptocurrencies are sought as an alternative to fiat currencies
or regulated finance.” Notwithstanding the above, [71] in their study point out that “the
findings show that these technologies are evolving, and organizations are adopting them
to gain a competitive advantage; so there does not seem to be a clear trend about their
future”. In addition, “The vertiginous development of digital infrastructures together with
the globalization of an increasingly agile and reliable network access and interconnection
is causing a global digital ecosystem. Its configuration drives the concurrence of multiple
disruptive processes” [72].

The study by [40] points out that, using grid electricity, Iran, Russia, and China
are the best countries to mine BTC, while using natural gas for power generation, Iran,
Canada, and Russia are the best countries to mine BTC. In our study, we took into account
sustainable production as a determining factor.

Realistically, however, it is unlikely that without incentives this change can be realized.
Although difficult, [24] point out that “a site regulation policy that induces changes in
the energy consumption structure of mining activities is more effective in limiting carbon
emissions”. Along the same lines, the study by [17] analyzes the possible public policies
to de-socialize the environmental externalities associated with blockchain technology
designs and their excessive energy consumption, identifying for this purpose different fiscal
policy options. Furthermore, [73] point out that incentive policies can be a determining
factor, “cryptocurrencies offer an additional incentive to electric vehicle users”. One
option could be the one pointed out by [74,75] in which tax incentives could play an
important role in determining the cryptocurrency mining location, together with favorable
legislation [76]. However, in closing, reference should be made to the disciplining effect that
cryptocurrencies may have on governments if it becomes a widespread means of payment.
As pointed out by [77], “the ability of governments to conduct monetary, fiscal and drug
policies would be undermined [ ... ] and this would be an ethically desirable outcome from
both a private property rights and utilitarian perspective”. Furthermore, bearing in mind
the possible adverse effects that public aid policies for renewable energies can bring, as the
study by [78] points out precisely this negative experience from the experience of Spain.
This situation could be used to try to attract cryptocurrency mining, for example, as we can
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see, this public aid policy brought adverse results. Finally, as indicated by [79], the classical
belief that technological advances do not contribute to increasing social welfare must be
abandoned, because “the more technological advances occur, the more suitable work is
for human beings, as they can devote themselves to exploiting their personal talents”; and
here responsible and sustainable mining can help to ensure the latter statement. Another
factor to take into account that may affect miners” decision making is the possible profit
or gain derived from this activity in such a volatile market, with smaller cryptocurrencies
being particularly affected, as shown by [80]; or also the possible changes in the profile
of people interested in these cryptocurrencies, as pointed out by [81]. It should be noted,
as indicated by [82,83], that in a competitive free market environment, the cost of energy
would tend to reduce due to business innovation, and therefore this will positively affect
cryptocurrency mining as well.

6. Conclusions

Led by the success of Bitcoin, other cryptocurrencies such as Ethereum, Ripple, or
Dogecoin, to name a few, have emerged and have experienced rapid growth and expansion.
Mining is necessary for the operation of these decentralized virtual currencies. To do this,
the necessary computer equipment consumes a large amount of energy. In our article,
we showed that cryptocurrency mining is not currently being carried out in a sustainable
manner, although this could be intuited. We started from the Environmental Performance
Index (EPI). From the EPI, we considered several determinants of cryptocurrency mining:
energy price, how this energy is generated, temperature, legal constraints, human capital,
and R&D. From this, via linear regression we recalculated this EPI by including the above
factors that affect cryptocurrency mining in a sustainable way. We detected, based on the
new adjusted EPI, that sustainable cryptocurrency mining would currently only be possible
if the mining capacity was moved from countries that have scored poorly in our index such
as (Venezuela, Libya, Iran, or Malaysia) to other countries where although cryptocurrency
is currently mined (Germany or Denmark), if done there, this activity would have a lower
impact for the environment and the activity would be more sustainable as the energy
needed for mining and cooling of the equipment comes from energy generated in a clean
and planet-friendly way. While this seems difficult without a public policy of awareness,
accompanied by regulation, recent bans on cryptocurrency mining in China open a window
of hope for change. However, awareness policies are needed especially in countries where
electric power is cheaper, and legislation is more lax. All this to raise awareness of the
environmental damage that this cryptocurrency mining can cause. This brings with it
another necessary issue, and that is the firm commitment of the countries, for the sake of a
greater production of energy in an environmentally friendly way.
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Appendix A
Table Al. Dataset.
Electricity Prices Electricity Production Average Cryptocurrency R&D&I Expenditure on Human Capital Sustainable
Country (kWh, USD) from Renewable Temperature by Mining/Trading Ban Research and Index Scale 0-1 Countries
! Sources (% of Total) Country in Degrees Development (% of GDP)

Afghanistan 0.048 0 12.6 1 0 0.4 25.5
Albania 0.112 0 114 1 0.15412 0.6 49
Germany 0.372 26.3 8.4 1 3.09 0.8 77.2
Angola 0.018 0 18.79 1 0.03229 0.4 29.7
Saudi Arabia 0.048 0.0003 21.55 1 0.82 0.6 44
Algeria 0.04 0.1 24.65 -1 0.54 0.5 44.8
Argentina 0.063 1.9 14.8 1 0.54 0.6 522
Armenia 0.077 0.1 7.15 1 0.19 0.6 52.3
Australia 0.259 8.34 21.65 1 1.87 0.8 74.9
Austria 0.244 16.49 6.35 1 3.17 0.7 79.6
Azerbaijan 0.041 0.41 11.95 1 0.18 0.6 46.5
Bahamas 0.262 0 24.85 1 0 43.5
Bahrain 0.048 0 27.15 1 0.1 0.7 51
Bangladesh 0.066 0.27 25 -1 0 0.5 29
Barbados 0.246 0 26 1 0 45.6
Belarus 0.074 0.50 6.15 1 0.61 0.7 53
Belgium 0.31 20.34 9.55 1 0 0.8 73.3
Belize 0.227 0 25.3 1 0 41.9
Bhutan 0.017 0 74 1 0 0.5 39.3
Bolivia 0.117 2.52 21.55 -1 0.16 443
Bosnia and Herz. 0.108 0 9.85 1 0.2 0.6 454
Botswana 0.112 0.03 21.5 1 0.54 0.4 40.4
Brazil 0.128 12.12 24.95 1 1.26 0.6 51.2
Bulgaria 0.141 6.37 10.55 1 0.77 0.6 57
Burkina Faso 0.227 0 28.29 1 0.7 0.4 38.3
Cape Verde 0.3 0 23.3 1 0.07 32.8
Cambodia 0.151 0.93 26.8 1 0.12 0.5 33.6
Cameroon 0.092 1.12 24.6 1 0 0.4 33.6
Canada 0.113 6.27 —5.35 1 1.57 0.8 71
Chile 0.2 11.93 8.45 1 0.36 0.7 55.3
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Table A1. Cont.

Electricity Prices

Electricity Production

Average

Cryptocurrency

R&D&I Expenditure on

Human Capital

Sustainable

Count from Renewable Temperature b .. . Research and .
i (kWh, USD) Sources (% of Total) Countll?y in Denges Mining/Trading Ban Development (% of GDP) Index Scale 0-1 Countries
China 0.084 4.86 6.95 -1 2.19 0.7 37.3
Cyprus 0.219 8.78 19.45 1 0.56 0.8 64.8
Colombia 0.152 3.28 24.5 1 0.24 0.6 52.9
Congo Democratic 0.061 0.11 24 1 0.41 0.4 36.4
South Korea 0.098 1.50 11.5 1 4.81 0.8 66.5
Costa Rica 0.149 24.39 24.8 1 0.42 0.6 52.5
Cote d’Ivoire 0.134 1.21 26.35 1 0.1 04 25.8
Croatia 0.164 9.96 109 1 0.97 0.7 63.1
Cuba 0.008 3.71 25.2 1 0.43 484
Denmark 0.337 65.44 7.5 1 3.06 0.8 82.5
Ecuador 0.096 2.10 21.85 -1 0.44 0.6 51
Egypt 0.045 0.88 22.1 -1 0.72 0.5 43.3
El Salvador 0.176 35.23 24.45 1 0.18 0.5 43.1
United Arab Emir. 0.081 0.23 27 1 1.3 0.7 55.6
Slovakia 0.21 8.16 6.8 1 0.83 0.7 68.3
Slovenia 0.216 3.69 8.9 1 1.94 0.8 72
Spain 0.243 24.82 13.3 1 1.24 0.7 74.3
United States of America 0.15 7.39 8.55 1 2.84 0.7 69.3
Estonia 0.171 14.16 5.1 1 1.43 0.8 65.3
Ethiopia 0.008 7.27 222 1 0.27 0.4 34.4
Philippines 0.175 14.90 25.85 1 0.16 0.5 38.4
Finland 0.19 20.05 1.7 1 2.77 0.8 78.9
France 0.22 6.20 10.7 1 2.2 0.8 80
Gabon 0.226 0.56 25.05 1 0.58 0.5 45.8
Georgia 0.053 0 275 1 0.3 0.6 41.3
Ghana 0.064 0.03 5.8 1 0.38 0.5 27.6
Greece 0.225 16.89 14.44 1 1.18 0.7 69.1
Guatemala 0.249 25.35 23.45 1 0.03 0.5 31.8
Honduras 0.186 16.17 23.5 1 0.04 0.5 37.8
Hong Kong 0.147 0.28 6.95 1 0.86 0.8 37.3
Hungary 0.124 9.81 9.75 1 1.55 0.7 63.7
India 0.077 5.36 23.65 1 0.65 0.5 27.6
Indonesia 0.101 4.78 25.85 -1 0.23 0.6 37.8
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Table A1. Cont.

Electricity Production

Average

R&D&I Expenditure on

Country Elfliw;lt%gg;es from Renewable Temperature by M.C I:ypjoTcucr;enc]); Research and }Jl:lmarsl‘ Ci\p:)tall Sgsmn:%ble
! Sources (% of Total) Country in Degrees g/ trading ban Development (% of GDP) ndexscate 0= ountries

Iran 0.005 0.08 18.25 1 0.83 04 48
Iraq 0.024 0 21.4 1 0.04 0.4 39.5
Ireland 0.276 25.09 9.3 1 1.15 0.8 72.8
Iceland 0.14 26.67 1.75 1 2.03 0.7 72.3
Israel 0.175 1.85 20.2 1 4.95 0.7 65.8
Italy 0.262 22.51 13.45 1 14 0.7 71
Jamaica 0.289 7.13 24.95 1 0.06 0.5 48.2
Japan 0.267 7.76 11.15 1 3.26 0.8 75.1
Jordan 0.1 0.69 19.3 1 0.71 0.6 53.4
Kazakhstan 0.041 0.17 6.4 1 0.12 0.6 44.7
Kenya 0.208 48.27 24.75 1 0.79 0.5 34.7
Kyrgyzstan 0.01 0 25.35 1 0.11 0.6 39.8
Kuwait 0.03 0 1.55 1 0.06 0.6 53.6
Laos 0.055 0 22.8 1 0.04 0.5 34.8
Lesotho 0.109 0 11.85 1 0.05 04 28
Latvia 0.196 16.6 5.6 1 0.63 0.7 61.6
Lebanon 0.077 0 17.4 1 0 0.5 454
Libya 0.004 0 21.8 1 0 0 44.8
Liechtenstein 0.265 0 5.65 1 0 0 79.6
Lithuania 0.168 31.2 6.2 1 0.94 0.7 62.9
Luxembourg 0.252 249 8.65 1 1.24 0.7 82.3
Macao 0.146 0 6.95 1 0.2 0.8 37.3
North Macedonia 0.094 29 9.8 1 0.36 0.6 55.4
Madagascar 0.119 0 22.65 1 0.01 0.4 26.5
Malaysia 0.06 0.7 254 1 1.44 0.6 47.9
Malawi 0.12 0 21.9 1 0 0.4 38.3
Mali 0.241 0 28.25 1 0.29 0.3 29.4
Malta 0.162 7.67 20.2 1 0.57 0.7 70.7
Morocco 0.132 8.19 18.1 -1 0.71 0.5 42.3
Mauritius 0.149 18.65 22.4 1 0.35 0.6 45.1
Mexico 0.084 5.49 21 1 0.31 0.4 52.6
Moldova 0.106 0.31 9.45 1 0.25 0.6 444
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Table A1. Cont.

Electricity Prices

Electricity Production

Average

Cryptocurrency

R&D&I Expenditure on

Human Capital

Sustainable

Count from Renewable Temperature b .. . Research and .
i (kWh, USD) Sources (% of Total) Countll?y in Denges Mining/Trading Ban Development (% of GDP) Index Scale 0-1 Countries
Mozambique 0.159 0 23.8 1 0.34 0.4 33.9
Myanmar 0.039 0 13.05 1 0.03 0.5 25.1
Namibia 0.131 0 20.95 1 0.34 04 40.2
Nepal 0.069 0.20 8.1 -1 0.3 0.5 327
Nicaragua 0.214 43.61 24.9 1 0.11 0.5 39.2
Nigeria 0.059 0 26.8 1 0.13 04 31
Norway 0.105 1.88 1.5 1 2.07 0.8 77.7
New Zealand 0.247 24.58 10.55 1 1.37 0.8 71.3
Oman 0.026 0 25.6 1 0.22 0.6 38.5
Netherlands 0.188 12.36 9.25 1 2.16 0.8 75.3
Pakistan 0.061 0.76 21 -1 0.24 04 33.1
Panama 0.161 4.56 25.4 1 0.15 0.5 47.3
Paraguay 0.062 0 23.55 1 0.15 0.5 46.4
Peru 0.19 3.59 20.6 1 0.13 0.6 44
Poland 0.198 12.69 7.85 1 1.21 0.8 60.9
Portugal 0.28 30.64 15.15 1 1.37 0.8 67
Qatar 0.032 0 27.15 -1 0.51 0.6 37.1
United Kingdom 0.264 22.97 8.48 1 1.72 0.8 81.3
Dominican Rep. 0.09 5.27 24.55 1 0 0.5 46.3
Czech Republic 0.248 9.23 7.55 1 1.93 0.8 71
Romania 0.175 14.52 8.8 1 0.51 0.6 64.7
Russia 0.062 0.09 —5.1 -1 0.99 0.7 50.5
Rwanda 0.252 0 18.85 1 0.67 04 33.8
Senegal 0.19 1.77 27.85 1 0.58 04 30.7
Serbia 0.097 0.09 10.55 1 0.92 0.7 55.2
Sierra Leone 0.159 0 26.05 1 0 04 25.7
Singapore 0.158 1.82 26.45 1 1.94 0.9 58.1
Sri Lanka 0.076 3.19 26.95 1 0.11 0.6 39
South Africa 0.152 1.93 18.75 1 0.83 04 43.1
Sudan 0.001 0.61 26.9 1 0.3 0.4 34.8
Sweden 0.179 16.75 2.1 1 3.34 0.8 78.7
Switzerland 0.226 4.32 5.5 1 3.37 0.8 81.5
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Table A1. Cont.

Electricity Prices Electricity Production Average Cryptocurrency R&D&I Expenditure on Human Capital Sustainable
Country (kWh, USD) from Renewable Temperature by Mining/Trading Ban Research and Index Scale 0-1 Countries
! Sources (% of Total) Country in Degrees Development (% of GDP)
Suriname 0.023 0 25.7 1 0 0. 452
Swaziland 0.123 0 21.4 1 0.27 0.4 33.8
Thailand 0.122 5.87 26.3 1 1 0.6 454
Taiwan 0.105 0 6.95 1 0 0 57.2
Tanzania 0.099 0.67 22.35 1 0.51 0.4 31.1
Togo 0.213 0 27.15 1 0.27 0.4 29.5
Trinidad and Tobago 0.052 0 25.75 1 0.09 0.6 47.5
Tunisia 0.077 2.49 16.3 1 0.6 0.5 46.7
Turkey 0.086 6.31 9.9 -1 0.96 0.6 42.6
Uganda 0.188 1.05 22.8 1 0.17 04 35.6
Ukraine 0.046 0 8.3 1 0.47 0.6 49.5
Uruguay 0.198 28.40 18.55 1 0.48 04 49.1
Uzbekistan 0.028 0 12.05 1 0.13 0.6 44.3
Venezuela 0 0 25.35 1 0.34 0 50.3
Vietnam 0.081 0.12 24.45 1 0.53 0.7 33.4
Zambia 0.031 0 21.4 1 0.28 04 34.7
Zimbabwe 0.014 1.33 21 1 0 0.5 37
Source: Own elaboration based on data from The World Bank, University of Yale, Cointelegraph, Bit2Me, and Climatic Research Unit.
Table A2. Descriptive statistics.
Average Deviation N
More sustainable countries 49.637 15.9961 133
Household electricity prices, September 2020 (kWh, USD) 0.13492 0.080834 133
Electricity production from renewable sources (% of total) 7.351950365558709 11.183543226861056 133
Average temperature per country in degrees 16.6774 8.35650 133
Ban on cryptocurrency mining/trading 0.82 0.575 133
R&D spending on research and development (% of GDP) 0.8150106 0.96746730 133
Human Capital Index 0.590 0.1445 133

Source: Authors’ elaboration based on data from Table A2 and IBM SPSS Statistics 27.
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Table A3. Waste statistics.

Minimum Maximum Average Deviation N

Predicted value 28.544 86.964 49.637 14.1912 133

—25.9881 17.4055 0.0000 7.3815 133

Variance Predicted value —1.486 2.630 0.000 1.000 133

Variance residual —3.440 2.304 0.000 0.977 133

Source: Authors’ elaboration based on data from Table A2 and IBM SPSS Statistics 27.
Table A4. Most and least sustainable countries for cryptocurrency mining index based on readjusted EPIL
Ranking Country Cryptocurrency Ranking Country Cryptocurrency Ranking Country Cryptocurrency
Mining Index Mining Index Mining Index

1 Denmark 87.0 49 Brazil 50.5 97 Indonesia 39.1
2 Germany 82.3 50 Vietnam 49.7 98 Dominican Rep. 38.2
3 Sweden 78.3 51 Costa Rica 494 99 Burkina Faso 38,0
4 South Korea 77.2 52 Mauritius 49.0 100 Nepal 379
5 Switzerland 77.0 53 North Macedonia 489 101 Paraguay 37.5
6 Finland 76.8 54 Moldova 485 102 Qatar 37.2
7 Japan 76.5 55 Bosnia and Herz. 48.2 103 Laos 37.1
8 Austria 73.0 56 Armenia 48.1 104 Senegal 36.8
9 United Kingdom 73.0 57 Ukraine 48.0 105 Lesotho 36.7
10 Israel 72.3 58 Thailand 48.0 106 Zimbabwe 36.5
11 Czech Republic 71.7 59 Kuwait 47.8 107 Uganda 36.4
12 Portugal 71.1 60 Albania 47.7 108 Togo 36.1
13 Ireland 71.0 61 Peru 47.6 109 Botswana 36.0
14 Ireland 70.9 62 Malaysia 47.5 110 Namibia 35.9
15 France 70.7 63 Nicaragua 47.5 111 Mozambique 35.9
16 New Zealand 70.7 64 Jordan 47.4 112 Tanzania 35.4
17 Canada 69.7 65 Argentina 47.2 113 Swaziland 35.2
18 Slovenia 69.7 66 Kazakhstan 47.0 114 Mexico 35.2
19 Norway 69.0 67 Turkey 46.6 115 Iran 35.1
20 Estonia 68.9 68 Bahrain 46.2 116 Egypt 349
21 Iceland 68.1 69 Guatemala 46.0 117 Afghanistan 34.6
22 Singapore 67.7 70 Colombia 45.8 118 Malawi 33.9
23 Poland 67.7 71 Azerbaijan 45.7 119 Sierra Leone 33.8
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Table A4. Cont.

Ranking Country Cl\l;[};ﬁﬁcgull‘;?;y Ranking Country C&E;i;ull‘;iltiy Ranking Country Cl\r/l};ﬁzicgu;;f;;y
24 Australia 67.5 72 Saudi Arabia 45.6 120 Madagascar 33.7
25 United States 67.0 73 El Salvador 45.6 121 Cote d’Ivoire 33.6
26 Belgium 66.5 74 Uzbekistan 45.0 122 Congo, Democratic Republic of the 33.3
27 Luxembourg 65.7 75 Jamaica 442 123 Algeria 33.2
28 Italy 64.9 76 Ghana 43.8 124 Ethiopia 32.8
29 Spain 64.1 77 Gabon 43.6 125 Zambia 32.7
30 Lithuania 63.7 78 Uruguay 43.1 126 Cameroon 32.5
31 Hong Kong 63.3 79 Honduras 42.9 127 Angola 32.0
32 Greece 61.9 80 Sri Lanka 424 128 Bangladesh 31.6
33 Cyprus 61.6 81 Tunisia 423 129 Mali 31.5
34 Latvia 61.3 82 Philippines 42.2 130 Iraq 315
35 Slovakia 61,0 83 Georgia 419 131 Nigeria 31.2
36 Hungary 60.9 84 Trinidad and Tobago 41.5 132 Sudan 30.3
37 Macao 60.5 85 Rwanda 414 133 Pakistan 28.5
38 Croatia 59.3 86 Oman 41.3 134 Liechtenstein 22.2
39 Chile 58.8 87 India 40.8 135 Cape Verde 18.3
40 China 57.5 88 Ecuador 40.6 136 Taiwan 17.2
41 Serbia 55.9 89 Kyrgyzstan 40.5 137 Bahamas 16.5
42 Belarus 55.3 90 Panama 40.5 138 Barbados 15.7
43 Russia 54.7 91 Bhutan 404 139 Belize 15.3
44 Malta 54.5 92 Morocco 39.6 140 Cuba 11.4
45 Romania 53.8 93 South Africa 39.5 141 Venezuela 10.2
46 Bulgaria 52.2 94 Myanmar 394 142 Libya 10.0
47 United Arab United Arab Emir. 52.2 95 Lebanon 39.1 143 Suriname 9.4
48 Kenya 50.9 96 Cambodia 39.1 144 Bolivia 9.3

Source: Own elaboration derived from the new adjusted EPI index and IBM SPSS Statistics 27.
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