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Abstract: Since the inauguration of cryptocurrencies, Bitcoin has been under pressure from competing
tokens. As Bitcoin is a public open ledger blockchain coin, it has its weaknesses in privacy and
anonymity. In the recent decade numerous coins have been initiated as privacy coins, which try
to tackle these weaknesses. This research compares mostly mature privacy coins to Bitcoin, and
comparison is made from a price perspective. It seems that Bitcoin is leading privacy coins in price
terms, and correlation is typically high and positive. From the earlier crypto market peak of 2017–18,
only a very small number of coins are showing positive returns in 2021. It is typical that many privacy
coins have lost substantial amounts of their value (ranging 80–90%) or that they do not exist anymore
at all. Only Horizen and Monero have shown long-term sustainability in their value; however, their
price changes follow that of Bitcoin very closely. The role of privacy coins in the future remains as an
open issue.
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1. Introduction

Crypto coins and their global as well as digital money world is starting to mature
as leading cryptocurrency, Bitcoin (BTC), is more than decade old (Eldefrawy et al. 2019).
In the very beginning, cryptos were providing a revolution through their blockchain
style hash databases (Herskind et al. 2020), which have proven to be rather functional.
After all, transactions are executed around the world, and compared to commercial banks,
securing of transfers do not need an army of direct labour (which is used to supervise
and possibly correct transfers). Executed wrong transfers are rather rare in the crypto
world, and they typically arise due to some human error by making an incorrect transfer
and not by the malfunctioning of the technology itself (e.g., Böhme et al. 2015; Shoffman
2021). It is no wonder that crypto popularized blockchain databases are increasingly
used in other branches of economy, like logistics and supply chains (Tsiulin et al. 2020).
Blockchain is trustworthy, reliable, and it functions rather well. This saves time in cross-
border transactions as additional checks, retyping and rechecks are avoided, and time
as well as resources are released to other duties. Cryptos are nowadays getting much
of their valuation from free access and carrying of them around the world, even across
country borders (Harvey and Branco-Illodo 2020; Hilmola 2014). For example, there are
clear limits to carrying cash across borders, and the same applies to, e.g., precious metals.
It could be argued that Bitcoin (or cryptos in general) are modern day gold, which assures
individual liberty and safety throughout the globalized world (Hilmola 2014). Currently,
commercial development of large-scale cryptocurrencies is on the agenda of the likes of
Facebook (Giudici et al. 2021), and these are supposed to be connected to fiat currencies
in their valuation (that they shall remain stable in price and provide maximum usage
as speculation is not beneficial). In addition, the derivative market of cryptos is under
development too (Pagnottoni 2019; Szalay 2021).

It is not that big a surprise that many countries have been trying to ban partially
or completely Bitcoin as it challenges current power structures—typical first move in
regulation is to limit crypto exchanges and to ask people to identify themselves (Kim
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2018; Heavens 2021; Baydakova 2021; Handagama 2021). In the end, throughout the world,
country or region level, fiat currencies were in a monopolistic position for a long time and
have enabled many policies such as overspending of public funds, running continuous
trade deficits, and having continuous massive governmental budget deficits (Burnham
2020).

In the beginning, there were very few cryptocurrencies available, and Bitcoin was the
first very serious and functional coin. However, during the evolution of Bitcoin, some other
derivative currencies have been established from it such as Bitcoin Cash and Bitcoin SV.
Therefore, investing in original Bitcoin, these could have been treated as dividends or as
new divested businesses as each Bitcoin holder received same amount of Bitcoin Cash in
the 2017 split (Bitcoin SV in turn is originally based on ownership of Bitcoin Cash, and the
split took place in 2018). Based on Wayback Machine (2021) and CoinMarketCap (2021)
listings, in 2013, there were well below 100 cryptocurrencies listed in exchange. Currently,
CoinMarketCap (2021) lists 5380 different tokens, and portal mentions that in the world
exist 10,557 cryptocurrencies. Before the first crypto hype period of 2017, listed crypto
coins were below 2000, but the spike in prices of 2017–18 caused many new projects to
be initiated. This development led to the current high level as in 2020 there were already
more than 8000 cryptocurrencies available for sale. As one major concern in projects was
the anonymity and privacy issues of leading cryptocurrencies, this has been tackled by
numerous alternatives in previous years (Eldefrawy et al. 2019; Herskind et al. 2020;
Harvey and Branco-Illodo 2020).

The objective of this study is to examine established privacy coins and compare
their price development over Bitcoin. Research uses earlier research findings in spotting
suitable privacy coins; however, some of the past news and privacy coin successes are
also included. However, in general, the study examines privacy coins, which have history
and some sort of establishment and community in their background. For the purposes
of the study, it is important to have long period price data available so the comparison
with Bitcoin is sensible. Although Bitcoin is considered nowadays as a liquid as well as
a global cryptocurrency, which is also very well known, it is still open question whether
its markets are efficient (Urquhart 2016). Bitcoin exchanges around the world provide
all the time pricing for this currency; however, these prices differ, and leading exchanges
do change over time (e.g., governmental bans and restrictions affect these; Giudici and
Pagnottoni 2019; Pagnottoni and Dimpfl 2019; Giudici and Pagnottoni 2020). However,
making comparisons to Bitcoin is the best that can be done in the crypto-world.

The research problem of this study could be stated through the following questions:
Are privacy coins different in their price development as compared to Bitcoin? Do we have
some coins which have much better returns than Bitcoin? Have all privacy coins been
long-term success stories?

This research is structured as follows: In Section 2 a literature review of blockchain,
privacy coins and Bitcoin is introduced. Thereafter, in Section 3, related literature and
analysis are discussed. Empirical data analysis follows in Section 4. Research is discussed
and concluded in Section 5.

2. Literature Review

Although, cryptocurrency history typically starts since the global financial crisis time
of 2008–2009 and since the establishment of Bitcoin as well as the following publication of a
white paper under the name of Satoshi Nakamoto, this is actually not the initial launch time.
In the 1990s (Chaum 1993) and in the dot-com era (Wright 1997; Hwang et al. 2001), there
was actually a trial of so called ecash (or digicash), which lasted for several years and was
spread among some banks between the USA and Europe. However, financial institutions
found this new currency complicated, competing with money cryptographically signed by
the bank and enabling anonymity in payments anywhere. Finally, the financial industry
decided to abandon this system, banks actually grew larger, and eventually bigger support
was given for credit cards and payment methods derived from these. However, it did
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not take that long time that communities invented to use decentralized blockchain in
this new anonymous digital money, and the entire branch of cryptocurrencies was born.
Crypto coins were not superior when making transactions—it is still rather costly to
pay with Bitcoin (in 2021 until late June miners earned in the range of 100–300 USD per
transaction; Blockchain.com 2021), and it takes some time (typically minutes or tens of
minutes; e.g., Böhme et al. 2015); however, this payment function is available throughout
the world (wherever Internet is literally available), and even in the case of losing the Internet
and/or electricity in the entire world, Bitcoin will come back alive after systems have been
restored. Blockchain is just extremely functional, immutable and in the end, reliable
(Casino et al. 2019; Iansiti and Lakhani, 2017). It offers a method of payment anywhere,
any time and anonymously. Crypto coins are also highly portable—passengers can travel
throughout the world just knowing their crypto wallet security keys and do not need to
make any declaration of them to customs or different governments. Iansiti and Lakhani
(2017) compare blockchain to the email revolution in communications—functionality and
consequences of blockchain are rather similar. It is not surprising that cryptocurrencies and
blockchains have been associated with freedom of movement and 1960s hippie lifestyle
(Harvey and Branco-Illodo 2020). However, large public blockchains require massive
amounts of energy and are not environmentally friendly (Casino et al. 2019). It should be
noted that crypto coins do not provide interest within the ownership period (Schilling and
Uhlig 2019), which is rather similar to central bank fiat currencies under zero interest rate
policies. If interest rates would exist, this would give a competitive advantage to traditional
fiat currencies and would without a doubt decrease the popularity of cryptos. It could be
said that cryptos are poster or portrait of a new zero interest rate era.

Bitcoin’s weakness is simultaneously its strength—the entire blockchain is publicly
open ledger, and all transactions and their history could be followed (Herskind et al.
2020; Harvey and Branco-Illodo 2020). If a person pays, e.g., to an online store by giving
identification information (what is typically required so the retailer knows who their
customers are), then the retailer has information about the wallet, its ID and also the
network address of the used device. With this information, the retailer may follow all
the payments from and deposits to the wallet out of long public records. If the retailer’s
information systems are attacked and hacked, then this information is available to a very
large audience. There are also other ways to capture wallet identification numbers (like
forcing wallet providers to reveal customer details to government and ask them to gather
detailed information, as with banks). Therefore, new solutions have been developed.
Some of the new crypto coins use mixers or swaps in payments (that particular wallets
could not be followed that easily). Some use the Dark Web. These enhancements are also
partly available for Bitcoin (Böhme et al. 2015). However, follow-ups from criminal activity
and/or chasing of Nakamoto tell that different countries and authorities are nowadays very
well aware of who is using Bitcoin, when, where and how. Just only by following graphical
form transactions of one unknown wallet and then seeing what is purchased, where, when
and if known wallets are also used in the screening, much of the “unknown” wallet user is
already known (Orcutt 2017; Eldefrawy et al. 2019; Herskind et al. 2020). Although, Bitcoin
is increasingly popular nowadays, its ownership is extremely concentrated. Eldefrawy
et al. (2019) argued that 0.06% of wallets own over 99% of Bitcoin. Later on, Kharif (2020)
reported that 2% of wallets own 95% out of Bitcoin, where more than 70% of wallets have
less than 0.01 Bitcoin stored. This considerably decreases the examination work to identify
critical or active wallets. It is also a safety and security issue as very few nodes play a
critical role in the entire crypto coin value and use. High concentration of Bitcoin holdings
could also be one reason why the “buy and hold” strategy has been so successful, even
comparing to popular technical analysis based short-term trading systems (Resta et al.
2020).
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3. Related Literature and Analysis

This research is a quantitative study of the price development of the leading cryp-
tocurrency, Bitcoin, and 23 other selected so-called privacy coins. These privacy coins
were selected based mostly on the study by Harvey and Branco-Illodo (2020) but also on
parts of the research of Herskind et al. (2020). In addition to these, also personal following
of the branch led to the inclusion of Pirate Chain (ARRR), which has shown impressive
price development in a short period of time—this coin is also argued to own exceptional
anonymity features (Rearick 2021). Privacy coins were originally developed to compete
with Bitcoin for providing better anonymity and security in payments. Actually, it is
so that Bitcoin itself is one of the most open currencies, where wallets, transactions and
transfers can be tracked and traced as well as followed on the basis of open access from its
blockchain. Little by little, Bitcoin has lost its shine in these anonymity features (Eldefrawy
et al. 2019), and it is important to examine whether we do have in privacy coins some
sort of well-developing (in price terms) competitors (already established, some having
years of history, as Appendix A shows earliest price information from 2014). However, it
should be highlighted that for the selection of privacy coins for this study from the initial
pool of coins (46 coins), 23 were excluded (50%). This was basically due to the reason that
some coins had simply ceased to exist as others did not have pricing information from
2021, and others argued that they were completely private and were not available in public
exchanges. This only illustrates how intensive and fast is the creative destruction in this
branch. Even if crypto-investing is considered a major success area in the past decade, it
also contains numerous coin or token failures and major losses carried by investors.

Data for 24 cryptocurrencies was collected from two sources—the primary source was
Yahoo Finance (2021), and information from 22 crypto coins was accessed through it. In
the case of two coins, Coindesk was used (2021). Data started for some well-established
cryptos from September 2014 and ended for all on 18th of June 2021. However, the dataset
consists of some very young cryptos too, for example, STORJ and ARRR (see Appendix A).
In addition, BAT crypto also had a rather short data period availability, but this was not
due to the reason that it had just been introduced. Data were in this case not available in
Yahoo Finance (2021) at all, and in Coindesk (2021), it was also rather limited. The data
used in this research were measuring prices with daily frequency and using the closing
price.

As a research environment, cryptocurrencies are led by only two currencies (Bitcoin,
BTC, and Ethereum, ETH). As Table 1 illustrates, these two coins took 62% from market
capitalization of CoinMarketCap (2021) in 21st of June 2021. In the past, it has always been
so that Bitcoin has owned the largest market capitalization, and this was challenged by
ETH only in May 2017 as valuations became rather close to each other (Watorek et al.
2021). The ten largest coins have a share of 82%, and twenty largest coins in turn 88%.
Typically, the largest cryptocurrencies have positive correlation in their price development,
and Giudici et al. (2020) found that it is led by Ethereum (ETH). Watorek et al. (2021) in
turn emphasized the central role of both BTC and ETH. However, Tether (USDT) is the
exception to all this as it is a so-called stable coin and its price changes very little (as its
pricing is based on the value changes of the US dollar).

However, dominance by a few largest crypto coins does not mean that crypto markets
would not have other alternatives. CoinMarketCap (2021) lists 5380 different tokens and
argues that the entire crypto market currently has 10,557 tokens. It should be highlighted
that the selected 23 privacy coins in this study are among the twenty highest market capital-
ization coins. The largest market capitalization of this privacy coin group is held by Monero
(XMR), which is currently the 26th largest cryptocurrency with market capitalization of
around USD 4 billion, and it is followed by Dash and Zcash with market caps of above
USD one billion. At the time of this study (crypto market having correction phase), Pirate
Chain (ARRR), Basic Attention Token (BAT) and Horizen (ZEN) were all below USD one
billion in their valuation. The smallest privacy coin of this study is Nix, which has a market
capitalization of around USD 10 million.



J. Risk Financial Manag. 2021, 14, 361 5 of 15

Table 1. Cryptocurrencies and their valuations on the 21st of June 2021 (bill. USD). Source (data):
CoinMarketCap (2021).

Crypto Market Cap

BTC 640.2

ETH 246.2

USDT 62.7

BNB 50.1

ADA 43.9

DOGE 34.5

XRP 33.6

USDC 24.4

DOT 18.5

UNI 11.1

BCH 10.0

LTC 9.8

BUSD 9.7

SOL 9.0

LINK 8.8

MATIC 8.5

THETA 8.3

XLM 6.6

WBTC 6.5

VET 6.0

2 largest 886.4

Share 62%

10 largest 1165.4

Share 82%

20 largest 1248.5

Share 88%

Total market cap: 1420.0

4. Results

The watershed moment of cryptocurrencies was 2017 and early 2018, when most
of these coins reached all-time highs, and valuations were widely debated in the news.
However, this peak in valuations was followed by a steep decline and lower market
capitalizations until the late 2020. This development is clearly present in Table 2. If the
valuation in June 2021 is compared with early 2018, then only Bitcoin (BTC) and Horizen
(ZEN) show positive yields. The rest of the coins, and all privacy coins, show negative
yields. Apart from Monero (XMR), investing losses in early 2018 are really substantial,
ranging from 73.5 to 96.9%.
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Table 2. Price development of Bitcoin and privacy coins from the beginning of different years to 18
June 2021.

2015 2016 2017 2018 2019 2020 2021

BTC 11,823.4% 8526.8% 3653.2% 174.4% 874.9% 420.4% 27.6%

ZEN 47.1% 1464.6% 886.4% 602.0%

XMR 59,730.5% 55,872.1% 1894.4% −22.4% 476.1% 509.1% 104.8%

CVC −73.5% 340.6% 1235.7% 179.6%

ZEC 185.9% −76.0% 131.9% 394.0% 144.0%

XVG 670,350.0% 178,686.7% 121,800.0% −82.8% 280.2% 649.9% 265.9%

Dash 8226.9% 4691.7% 1341.0% −84.6% 99.6% 286.5% 83.4%

ARK −86.3% 166.5% 642.2% 167.1%

NAV 51,060.2% 21,492.5% 974.0% −89.1% 152.7% 356.3% 211.5%

XDN 3207.4% 3414.1% 2642.7% −89.2% 82.4% 290.5% 155.3%

QRL −89.8% 46.4% 308.8% 52.8%

KMD −90.7% 12.0% 80.6% 84.8%

PART −91.0% 8.1% 254.7% 239.0%

BCN 5462.5% 1335.5% 667.2% −92.5% −37.8% 57.8% 171.3%

PIVX 10,279.0% −93.2% −14.2% 230.6% 130.6%

SKY −96.8% 25.4% 199.0% 131.0%

AION −96.9% 13.9% 217.0% 145.1%

ARRR 13935.8% 2688.5%

BAT 225.4%

IOTX 174.4% 537.8% 228.3%

NIX 12.1% 304.1% 212.4%

STORJ 204.0%

WAN 102.4% 303.9% 124.1%

XSN 115.2% 296.0% 0.2%

From Table 2, it is also apparent that early mover advantage has been huge within
crypto coins. All long-term existing currencies in this study have yielded extremely well,
the earlier the investment has been made. On a class of its own is Verge (XVG), which
provided astronomical returns (+670,350%) if purchased in the early 2015. Verge was
actually one of the steepest growing cryptocurrencies in 2017, and if purchased in early
2015 and sold at the end of 2017, the investor would have gained even steeper returns,
5,564,900% (in the early 2015 Verge was trading at USD 0.000004, and at the peak of 2017
on 24th of December, its valuation was USD 0.255). Similar extraordinary returns are no
longer available in the post-2018 crypto world—only Pirate Chain (ARRR) has some sort
of extreme returns, but they remind merely of the Bitcoin (BTC) investment of early 2015.
However, it should be noted that returns are higher than 1000% in the case of having
purchased Horizen in early 2019 or Civic (CVC) coin in early 2020.

Although, privacy coins are considered as an alternative and competing currency
to Bitcoin, their price development has followed in general that of Bitcoin. As shown in
Table 3, correlations of Bitcoin and 23 privacy coins are positive and statistically significant
(Table 3, grey shaded area of table). In contrast to this, Aion (AION) and Particl (PART)
had slightly negative correlations in the entire observation period. QRL and SKY had no
relation at all with Bitcoin, positive or negative (and, of course, did not have statistical
significance). However, in the shorter period of time (starting from 2019) all privacy coins
apart of PART had a positive correlation (see Table 4). All BTC correlation coefficients in
Table 4 were statistically significant too. Figures 1–4 illustrate and elaborate the situation
further.
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Table 3. Correlation coefficients of analyzed cryptocurrencies in the time period from 17 September 2014 to 18 June 2021 (apart of QRL and SKY, all other privacy coins did have a
statistically significant correlation with BTC, which had a p value of <0.05 in AION and <0.01 in the rest of the cryptos).
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  AION ARK ARRR BAT BCN BTC CVC Dash IOTX KMD NAV NIX PART PIVX QRL SKY STORJ WAN XDN XMR XSN XVG ZEC ZEN 
AION 1.000                        

ARK 0.908 1.000                       

ARRR 0.661 0.604 1.000                      

BAT 0.957 0.954 0.680 1.000                     

BCN 0.633 0.474 0.603 0.776 1.000                    

BTC 0.650 0.830 0.551 0.851 0.168 1.000                   

CVC 0.823 0.945 0.619 0.936 0.389 0.937 1.000                  

Dash 0.867 0.871 0.703 0.921 0.549 0.824 0.908 1.000                 

IOTX 0.887 0.956 0.681 0.963 0.446 0.867 0.956 0.901 1.000                

KMD 0.923 0.917 0.646 0.960 0.641 0.695 0.855 0.885 0.886 1.000               

NAV 0.887 0.963 0.575 0.952 0.475 0.861 0.952 0.887 0.956 0.902 1.000              

NIX 0.858 0.854 0.613 0.919 0.644 0.628 0.790 0.805 0.826 0.897 0.868 1.000             

PART 0.423 0.212 0.688 0.771 0.755 −0.106 0.107 0.304 0.179 0.383 0.209 0.430 1.000            

PIVX 0.929 0.934 0.644 0.960 0.606 0.699 0.865 0.858 0.905 0.905 0.921 0.876 0.398 1.000           

QRL 0.765 0.788 0.610 0.845 0.600 0.745 0.816 0.859 0.792 0.818 0.830 0.805 0.449 0.797 1.000          

SKY 0.891 0.912 0.573 0.926 0.641 0.729 0.886 0.903 0.888 0.933 0.921 0.895 0.416 0.916 0.871 1.000         

STORJ 0.913 0.940 0.508 0.907 0.678 0.730 0.867 0.770 0.869 0.928 0.872 0.860 0.598 0.886 0.724 0.870 1.000        

WAN 0.909 0.967 0.665 0.973 0.465 0.857 0.956 0.907 0.966 0.918 0.956 0.855 0.171 0.908 0.801 0.897 0.927 1.000       

XDN 0.872 0.904 0.769 0.919 0.532 0.786 0.889 0.906 0.929 0.877 0.890 0.806 0.294 0.877 0.809 0.864 0.851 0.929 1.000      

XMR 0.741 0.842 0.798 0.893 0.291 0.916 0.913 0.894 0.897 0.766 0.842 0.689 0.023 0.749 0.763 0.753 0.773 0.895 0.896 1.000     

XSN 0.570 0.712 0.371 0.636 0.101 0.811 0.746 0.638 0.724 0.568 0.738 0.562 −0.079 0.626 0.655 0.589 0.519 0.719 0.663 0.730 1.000    

XVG 0.869 0.926 0.764 0.959 0.440 0.870 0.947 0.918 0.953 0.878 0.930 0.823 0.168 0.869 0.803 0.863 0.878 0.961 0.944 0.934 0.709 1.000   

ZEC 0.850 0.881 0.773 0.932 0.456 0.848 0.909 0.956 0.917 0.864 0.883 0.797 0.193 0.849 0.828 0.848 0.803 0.929 0.938 0.948 0.730 0.953 1.000  

ZEN 0.761 0.823 0.866 0.883 0.361 0.846 0.891 0.875 0.883 0.769 0.819 0.687 0.078 0.754 0.714 0.738 0.704 0.875 0.881 0.947 0.648 0.937 0.926 1.000 
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Table 4. Correlation coefficients of analyzed cryptocurrencies in time period from 1 January 2019 to 18 June 2021 (all privacy coins have statistically significant correlation with BTC and
this with p value of <0.01).
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Table 4. Correlation coefficients of analyzed cryptocurrencies in time period from 1 January 2019 to 18 June 2021 (all 
privacy coins have statistically significant correlation with BTC and this with p value of <0.01). 

  AION ARK ARRR BAT BCN BTC CVC Dash IOTX KMD NAV NIX PART PIVX QRL SKY STORJ WAN XDN XMR XSN XVG ZEC ZEN 
AION 1.000                        

ARK 0.908 1.000                       

ARRR 0.661 0.604 1.000                      

BAT 0.957 0.954 0.680 1.000                     

BCN 0.633 0.474 0.603 0.776 1.000                    

BTC 0.650 0.830 0.551 0.851 0.168 1.000                   

CVC 0.823 0.945 0.619 0.936 0.389 0.937 1.000                  

Dash 0.867 0.871 0.703 0.921 0.549 0.824 0.908 1.000                 

IOTX 0.887 0.956 0.681 0.963 0.446 0.867 0.956 0.901 1.000                

KMD 0.923 0.917 0.646 0.960 0.641 0.695 0.855 0.885 0.886 1.000               

NAV 0.887 0.963 0.575 0.952 0.475 0.861 0.952 0.887 0.956 0.902 1.000              

NIX 0.858 0.854 0.613 0.919 0.644 0.628 0.790 0.805 0.826 0.897 0.868 1.000             

PART 0.423 0.212 0.688 0.771 0.755 −0.106 0.107 0.304 0.179 0.383 0.209 0.430 1.000            

PIVX 0.929 0.934 0.644 0.960 0.606 0.699 0.865 0.858 0.905 0.905 0.921 0.876 0.398 1.000           

QRL 0.765 0.788 0.610 0.845 0.600 0.745 0.816 0.859 0.792 0.818 0.830 0.805 0.449 0.797 1.000          

SKY 0.891 0.912 0.573 0.926 0.641 0.729 0.886 0.903 0.888 0.933 0.921 0.895 0.416 0.916 0.871 1.000         

STORJ 0.913 0.940 0.508 0.907 0.678 0.730 0.867 0.770 0.869 0.928 0.872 0.860 0.598 0.886 0.724 0.870 1.000        

WAN 0.909 0.967 0.665 0.973 0.465 0.857 0.956 0.907 0.966 0.918 0.956 0.855 0.171 0.908 0.801 0.897 0.927 1.000       

XDN 0.872 0.904 0.769 0.919 0.532 0.786 0.889 0.906 0.929 0.877 0.890 0.806 0.294 0.877 0.809 0.864 0.851 0.929 1.000      

XMR 0.741 0.842 0.798 0.893 0.291 0.916 0.913 0.894 0.897 0.766 0.842 0.689 0.023 0.749 0.763 0.753 0.773 0.895 0.896 1.000     

XSN 0.570 0.712 0.371 0.636 0.101 0.811 0.746 0.638 0.724 0.568 0.738 0.562 −0.079 0.626 0.655 0.589 0.519 0.719 0.663 0.730 1.000    

XVG 0.869 0.926 0.764 0.959 0.440 0.870 0.947 0.918 0.953 0.878 0.930 0.823 0.168 0.869 0.803 0.863 0.878 0.961 0.944 0.934 0.709 1.000   

ZEC 0.850 0.881 0.773 0.932 0.456 0.848 0.909 0.956 0.917 0.864 0.883 0.797 0.193 0.849 0.828 0.848 0.803 0.929 0.938 0.948 0.730 0.953 1.000  

ZEN 0.761 0.823 0.866 0.883 0.361 0.846 0.891 0.875 0.883 0.769 0.819 0.687 0.078 0.754 0.714 0.738 0.704 0.875 0.881 0.947 0.648 0.937 0.926 1.000 
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Figure 1. Price development in USD of Bitcoin, BTC (right-side y-axis) and Horizen, ZEN (left-side y-axis). 
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Figure 2. Price development in USD of Bitcoin, BTC (right-side y-axis) and Monero, XMR (left-side y-axis). 

Slightly negative correlations with Bitcoin, being also statistically significant, are pre-
sent in Figure 3. Both Aion (AION) and Partcl (PART) repeated spike in 2017–18; however, 
they both continued their decline until only small growth in value in the late 2020 and in 
2021. This is the real danger in cryptocurrency investing as most of the valuation is based 
on popularity and utility, and if these are not met, then values can continue to decline to 
very low levels. In a shorter period of time (Table 4), only Partcl still held a slightly nega-
tive correlation (also being statistically significant). The reason can be found by examining 
Figure 4. In 2019 Partcl was still showing signs of upwards momentum, while Bitcoin did 
not do so, and as Partcl started to decline thereafter, it was the opposite with Bitcoin 
(somewhat strong momentum). The latest spike in 2020–21 did not catch Partcl signifi-
cantly as only some late spike attempts could be detected. 

Figure 1. Price development in USD of Bitcoin, BTC (right-side y-axis) and Horizen, ZEN (left-side y-axis).
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Figure 1. Price development in USD of Bitcoin, BTC (right-side y-axis) and Horizen, ZEN (left-side y-axis). 
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Figure 2. Price development in USD of Bitcoin, BTC (right-side y-axis) and Monero, XMR (left-side y-axis). 

Slightly negative correlations with Bitcoin, being also statistically significant, are pre-
sent in Figure 3. Both Aion (AION) and Partcl (PART) repeated spike in 2017–18; however, 
they both continued their decline until only small growth in value in the late 2020 and in 
2021. This is the real danger in cryptocurrency investing as most of the valuation is based 
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Figure 4. In 2019 Partcl was still showing signs of upwards momentum, while Bitcoin did 
not do so, and as Partcl started to decline thereafter, it was the opposite with Bitcoin 
(somewhat strong momentum). The latest spike in 2020–21 did not catch Partcl signifi-
cantly as only some late spike attempts could be detected. 

Figure 2. Price development in USD of Bitcoin, BTC (right-side y-axis) and Monero, XMR (left-side y-axis).

Another view, and a more dynamic one, than correlations could be made with rolling
correlations. In Tables 5 and 6 are shown results of rolling correlations of 100 days out
of analyzed privacy coins and Bitcoin. Here, it is worthwhile examining the share of
observations from correlations of classes 0.1 to −1 (these are actually the classes, which
are not statistically significant in positive correlation terms with Bitcoin). Interestingly,
Bytecoin (BCN) had 31% out of time not being positively correlated with Bitcoin. In
Tables 3 and 4, Bytecoin shows low positive correlation. Together with this, such privacy
coins as Basic Attention Token (BAT), Navcoin (NAV), Particl (PART), DigitalNote (XDN),
Stakenet (XSN) and Verge (XVG) all had 20% or higher number of observations in rolling
correlations within the area of 0.1 to −1. Out of these, PART already earlier was found not
to be following Bitcoin prices (having slightly negative correlation). In contrary to these,
all highest market capitalization privacy coins (XMR, Dash and Zcash) in Tables 5 and 6
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had an exceptionally low number of days in the area from 0.1 to −1, together with new
entrants such as ARRR and STORJ.
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Figure 3. Price development in USD of Bitcoin, BTC (right-side y-axis), Aion, AION and Partcl, PART (two latter in left-side
y-axis).
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Figure 4. Price development in USD of Bitcoin, BTC (right-side y-axis) and Partcl, PART (left-side y-axis) since 1 January 
2019. 
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Table 5. Rolling 100 days correlation distribution in different correlation classes (0.2 correlation is below p value of 0.05, and
0.26 is below p value of 0.01).

Classes AION ARK ARRR BAT BCN CVC Dash IOTX KMD NAV NIX PART

−1 0 0 0 0 0 0 0 0 0 0 0 0

−0.9 0 0 0 0 0 0 27 0 0 0 0 0

−0.7 24 0 0 0 33 0 49 0 0 26 0 5

−0.5 44 25 0 0 34 24 42 48 0 45 48 24

−0.3 52 56 11 27 139 44 24 37 48 161 41 42

−0.1 32 44 19 20 259 38 58 67 36 199 29 108

0 7 24 3 5 132 15 51 20 8 107 32 65

0.1 14 17 2 20 138 12 48 46 14 103 26 82

0.3 58 62 80 15 342 40 145 111 110 269 72 127

0.5 161 100 62 49 270 156 308 79 203 286 65 108

0.7 243 297 141 86 375 304 296 187 389 338 213 214

0.9 447 647 162 103 482 509 783 260 471 549 406 461

1 157 178 60 0 163 191 536 166 216 284 25 93

Total: 1239 1450 540 325 2367 1333 2367 1021 1495 2367 957 1329

−0.3–1: 120 81 11 27 206 68 142 85 48 232 89 71

Share: 10% 6% 2% 8% 9% 5% 6% 8% 3% 10% 9% 5%

0.1–1: 173 166 35 72 735 133 299 218 106 641 176 326

Share: 14% 11% 6% 22% 31% 10% 13% 21% 7% 27% 18% 25%
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Table 6. Rolling 100 days correlation distribution in different correlation classes (continued; 0.2 correlation is below p value
of 0.05, and 0.26 is below p value of 0.01).

Classes PIVX QRL SKY STORJ WAN XDN XMR XSN XVG ZEC ZEN

−1 0 0 0 0 0 0 0 0 0 0 0

−0.9 0 0 0 0 0 0 0 0 0 0 0

−0.7 0 0 0 0 0 100 0 0 0 0 0

−0.5 55 2 9 0 25 83 15 32 117 22 23

−0.3 115 25 40 0 32 84 58 99 60 18 41

−0.1 86 11 37 0 51 170 72 41 130 29 56

0 29 14 70 0 12 89 32 54 102 43 31

0.1 36 11 37 0 14 112 54 25 102 22 24

0.3 104 65 82 0 79 231 130 78 320 98 57

0.5 285 212 163 17 84 300 259 95 387 98 137

0.7 461 367 318 62 206 371 384 220 351 254 216

0.9 590 563 455 40 406 703 566 317 480 651 562

1 92 100 213 1 175 124 797 102 280 359 232

Total: 1853 1370 1424 120 1084 2367 2367 1063 2329 1594 1379

−0.3–1: 170 27 49 0 57 267 73 131 177 40 64

Share: 9% 2% 3% 0% 5% 11% 3% 12% 8% 3% 5%

0.1–1: 321 63 193 0 134 638 231 251 511 134 175

Share: 17% 5% 14% 0% 12% 27% 10% 24% 22% 8% 13%

The strongest positive correlation in Table 3 between Bitcoin was that of Horizen
(+0.772), which is further illustrated in Figure 1. Pricing of these two currencies follows
each other rather closely, and in general, top valuations take place in the same time periods.
Both of these cryptocurrencies reached higher valuations in the 2020–2021 price rally as
compared to 2017–18.

The situation is a little bit different with Bitcoin (BTC) and Monero (XMR). Their
correlation in Table 3 is also highly positive (+0.737). However, what is different in Figure 2
as compared to Figure 1 is the highest valuation period of Monero—it is still that of 2017–
18. Monero was really doing well and developing in price terms much stronger until the
2017–18 peak; however, thereafter, its development remained in a sideways pattern but, of
course, had a favorable increase in 2020–21.

Slightly negative correlations with Bitcoin, being also statistically significant, are
present in Figure 3. Both Aion (AION) and Partcl (PART) repeated spike in 2017–18;
however, they both continued their decline until only small growth in value in the late 2020
and in 2021. This is the real danger in cryptocurrency investing as most of the valuation
is based on popularity and utility, and if these are not met, then values can continue to
decline to very low levels. In a shorter period of time (Table 4), only Partcl still held a
slightly negative correlation (also being statistically significant). The reason can be found
by examining Figure 4. In 2019 Partcl was still showing signs of upwards momentum,
while Bitcoin did not do so, and as Partcl started to decline thereafter, it was the opposite
with Bitcoin (somewhat strong momentum). The latest spike in 2020–21 did not catch Partcl
significantly as only some late spike attempts could be detected.

In the analysis no potentially challenging privacy coin for Bitcoin was found. In the
earlier period, it was clearly Verge, which had the highest potential, but this was only
until 2017–18. After this period, Pirate Chain showed a somewhat similar development
but with a smaller magnitude. In retrospective, privacy coins have been mixed in their
yields—if someone purchased these at the height of 2017–18, then most probably this
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investment is still substantially at a loss. Bitcoin in contrast has consistently produced
returns. Only Horizen is similar to it; if bought at its peak of 2017–2018, it is still showing
positive yields. Rather close to this is also Monero, which is somewhat below (or 22.4%
in Table 1). Horizen and Monero are both potential coins to challenge the dominance
of Bitcoin; however, their weakness is their considerable positive correlation to Bitcoin.
Further analysis of Figures 1 and 2 does not imply that dominance of Bitcoin would be
gone—Horizen and Monero follow its changes very closely.

5. Conclusions

Cryptocurrencies could be considered nowadays a crowded marketplace as so many
alternatives exist for investors to invest in. However, as this research showed, Bitcoin is
rather dominant in this area, and it, together with Ethereum, holds two thirds of the entire
crypto space market value. Bitcoin has numerous weaknesses, but it is still clearly the
dominant one, and as this research showed, it is also leading in price movements. Nearly
all other privacy coins of this study just followed Bitcoin price development. It was found
that few private coins did not follow Bitcoin, but typically, these were coins which were
extremely highly valued in 2017–18 and have thereafter faced difficulties in gaining back
their price levels and possibly going above their earlier highs.

Of the privacy coins with a longer history, it seems Horizen and Monero have been the
best at sustaining their value. In the earlier period, Verge really showed impressive price
movement; however, it lost this in the decline period after the 2017–18 peak. At the moment,
there exist, e.g., Pirate Chain, which is similar to Verge in its valuation development, but
it is too early to tell how this privacy coin shall develop. The price peak of 2020–2021
in cryptos will be followed again by a depressive price period, and it is unclear what
currencies will hold and provide the next boom market. This research has clearly showed
that many cryptocurrencies from the boom period will not gain the price level they reached
earlier, and they will struggle to gain valuation in future boom periods. Of course, as it is
evident that privacy will become a very important feature in the future, it is difficult to say
how Bitcoin or Ethereum will survive in this environment.

As for further research in the privacy coin area, it would be interesting to examine how
the expansion of privacy coins offered in different exchanges has an effect on their pricing.
Even many of the tokens analyzed in this study, being more established privacy coins, are
not that easy to purchase or acquire. They are only sold in certain exchanges. There must
be price dynamics as these coins become more known and more widely available. In this
respect, many cryptocurrencies have something to learn from Bitcoin as it is so widely
available everywhere.
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Appendix A

Cryptocurrencies and Their Respective Data Starting Point

AION (2017-10-18), ARK (2017-03-22), ARRR (2019-09-18), BAT (2020-04-21), BCN
(2014-09-17), BTC (2014-09-17), CVC (2017-07-17), Dash (2014-09-17), IOTX (2018-05-25),
KMD (2017-02-05), NAV (2014-09-17), NIX (2018-07-28), PART (2017-07-20), PIVX (2016-
02-13), QRL (2017-06-10), SKY (2017-04-17), STORJ (2020-11-12), WAN (2018-03-23), XDN
(2014-09-17), XMR (2014-09-17), XSN (2018-04-13), XVG (2014-10-25), ZEC (2016-10-29),
ZEN (2017-06-01)
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