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Abstract. In this paper we will try to present one aspect of energy consumption
caused by equipment for cryptocurrency mining. We will first address problems
concerning increscent number of nonlinear loads leading to the fact that the active
power no longer represents the main part of total power delivered to customer.
Since the distributors do not measure the other components of power, they tend
to have high level of losses. We will stress in this paper losses produced by power
supply unit in the mining ring, since nowadays one of the greatest nonlinear
consumers is equipment for cryptocurrency mining. Special attention will be paid
to quantities of active, reactive and distortion power.
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1 Introduction

The last few decades enhanced our lives with plentiful of smart electronic appliances
that make life comfortable. Simultaneously, the electronic control systems became
inevitable parts of equipment for industrial production. Most of electronic gadgets and
apparatus require DC supply. Therefore, AC to DC converters have become the most
numerous loads at power grid. Unfortunately, their nonlinear nature generates
harmonics in the power network causing numerous unwanted problems [1], [2], [3].
One of the most important problems is utility losses. The measured data confirming the
level of these losses caused by harmonics is given in [4], [5].

The permanent growth of the number and types of nonlinear loads aggravates the
problems caused by harmonics. That enforced almost every country to introduce its
own standard that restricts the allowed amount of each harmonic. Two widely known
standards in this area are the IEEE 519-1992 and IEC 61000 series [1], [3]. The standard
IEC/EN61000-3-2 entered into force in the European Union. It specifies the limits for
the allowed nonlinear distortion of the input current up to the fortieth harmonic. The
standard is applied to the distortion produced by electronic and electrical appliances in
households. This includes loads up to 16A per phase supplied with voltage up to 415
V. Both standards regulate limits for the harmonics pollution but do not specify what
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happens if a customer exceeds them. There are two possibilities: the first suggests that
the utility could disconnect that customer but that is stressful and not profitable solution.
The better way and the most effective tactic is to charge the harmonics producers a
penalty tax if they exceed limits of harmonics pollution. The penalty tax should be
proportional to the pollution levels. But, this can be possible only in the case when we
have precise method for identification of the harmonics producers. The overview of
these solutions can be found in [6].

Lately, one of the greatest nonlinear consumers is equipment for cryptocurrency
mining. Blockchain technology and its most popular cryptocurrency, Bitcoin, have
been called of one of the most intriguing issues of nowadays, having almost equal
importance as the internet. There are presumptions and hopes that cryptocurrencies will
change the world, for the better, of course. But, there is a dark side of this story.
According to the Bitcoin energy consumption index, the digital currency already
consumes 0.15% of the world’s energy, and far exceeds the electricity consumption of
Ireland or of most African nations [7]. Or, to get better insight, it costs 29 times as much
energy to produce Bitcoins last year as it did to power all the Tesla cars driving today
[8].

The reason Bitcoin mining consumes so much energy is because in order to produce
each new Bitcoin, solving a complex mathematical puzzle is required, and it takes
cryptographic process performed by high-powered computers. The mining
computations serve to verify Bitcoin transactions on a digital ledger known as the
blockchain, and the greatest advantage is because it ensures security. But, again, this
process is extremely energy intensive, and in order to put the energy consumed by the
Bitcoin network into perspective we can compare it to another payment system like
VISA for example. Considering the numbers [9], we can conclude that Bitcoin is
extremely more energy intensive per transaction than VISA, because Bitcoin
transaction requires several thousands of times more energy. These problems do not
refer only to energy price, it should be about the environment, too.

In this paper we will try to give one aspect of energy consumption caused by
equipment for cryptocurrency mining. Namely, we will refer to power consumption of
power supply unit in the mining ring. Special attention will be paid to quantities of
active, reactive and distortion power.

2 The Definitions of the Fundamental Quantities

Traditional power system characterization quantities such as RMS values of current and
voltage, power (active, reactive, apparent) are defined for ideal sinusoidal conditions.
However, in the presence of nonlinear loads, these definitions need correction. The
instantaneous values of a quantity rich with harmonics (voltage or current) can be
express as:
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where h is the number of the harmonic, M denotes the highest harmonic, while Xn, wn
and an, represent amplitude, frequency and phase angle of the h-th harmonic. The RMS
value of the signal expressed by (1) is defined as:
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where Xrmsh is the RMS values of the h-th harmonic.
Product of the voltage and current having the same harmonic frequency gives the
harmonic power. Total active power is defined as:
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where 6, denotes phase angle between voltage and current.
One could present the total active power as a sum of the fundamental and other
harmonic powers:

P=R+Ry, (4)

where P; denotes power of the fundamental component (h=1). Therefore, it is known
as fundamental active power component. Py comprises sum of all higher components
(h=2,...,M) and is referred to as harmonic active power.

According to Budeanu [3], [10], [11] reactive power is defined as:
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where, similarly to (4), Q: and Qun denote fundamental reactive power and harmonic
reactive power, respectively.

Many scientists claim that the Budeanu’s definition is not correct and cannot be used
for calculating reactive power. According to one of the authors of IEEE1459-2010
standard, professor Emanuel [12], [13], “even today this definition occupies a
significant number of pages on The IEEE Standard Dictionary. Its past acceptance and
popularity among engineers and top scientists is hard to dispute. Modern textbooks
written by highly respected researchers are presenting Budeanu’s resolution of apparent
power as the right canonical expression”. More about calculating reactive power can
be found in [12].

It is well known that the apparent power is a product of RMS values of voltage and
current. In presence of harmonics, the apparent power is calculated as:
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3 Method for elimination losses caused by nonlinear loads
at power grid

With applying nonlinear loads to power lines the active energy no longer represents
the main part of total energy delivered to customer. Therefore, if distributors do not
measure the other components of energy they will have a high level of losses. The
leading Italy’s power distributor ENEL was one of the first that correlated losses with
the nonlinear loads. In order to address the problem they suggested a change in the
billing politics. They proposed measurement of reactive energy as additional quantity
and have decided to replace more than 20 million household energy meters with
upgraded electronic power meters capable to measure both active and reactive energy.
Installations of these power meters have started in 2001 and until now they replaced
99% in Italy [14]. In this way the losses are lower but not fully eliminated.

The common status of power grid in Serbia is that utility registers only active energy
using electromechanical power meters. Currently utility spends a lot of money to
replace the old meters with contemporary electronic meters. Unfortunately, the new
equipment is able to register only active and reactive power with possibilities to
measure RMS values of voltage/current, the power factor, maximal load and apparent
power on request.

The part of the power, distortion power, caused by harmonics is practically delivered
to the customers but is not visible at the side of power distributor. Namely, when one
calculates active, reactive, and apparent powers according to (4), (5), and (6),
respectively, he gets for sine-wave condition as a well known relation:

SZ _ P2 +Q2 (7)
However, in the presence of harmonics, this equation turns to inequality:

S?>P?+Q?
° ®)
Budeanu noticed this as early as 1927. He introduced the term distortion power and
revised the equation for apparent power:
S?2=P>+Q’+D?
N ©)
where D denotes distortion power. The revision states that in the absence of harmonics,

D=0 and S?=P?+Q%. Obviously, this definition represents special case of (9). With
known values of S, P and Q one can find the distortion power as:

D =,/$2-P?-Q°
Q . (10)
Equation (10) is appropriate for implementation within solid state power meters. In
order to meet regulative electronic meters already provide P, Q, and often S, as well.
However, if an electronic power meter does not provide information about apparent
power, it is possible to upgrade the feature using (6) within its DSP block. Therefore,



one can easily implement (10) to calculate the distortion power. The implementation
requires small modification of software or DSP. Thereafter, the utility is able to take
into account D and to introduce it in a new billing policy. This arms the utility with the
possibility to charge all components of delivered power and to eliminate the losses that
exist at the system.

Direct application of (10) for the billing requires certain corrections. Namely, the
existing power quality standards define the allowed value for each harmonic. The two
best known standards in this area are the IEEE 519-1995 and IEC/EN61000-3-2.
Therefore, the utility should not charge the distortion energy caused by harmonics
amounts less than the limits allowed by standard. So it makes sense to define the
threshold value for D which will be deducted from measured value using (10). This
value presents the acceptable amount of distortion. It is quite appropriate to relate it in
terms of the apparent power. One way is to define the threshold value D as:

D =y-S (11)
where y denotes a constant which should be defined (by a standard or the utility).

Authors of this paper analyzed the allowed limit for each harmonic of current and
voltage defined by the IEEE 519-1995 standard and therefore suggest that correction
factor y should be equal to maximum allowed amount of THD,. Notice that the value of
THD, that is used as correction factor is not the measured value. According to IEEE
519-1995 the allowed value of THD, is 10% in case where lsc/l. <20 (Isc is the
maximum short circuit current at PCC while I, is maximum current of fundamental
harmonic measured in 15- or 30-minute interval at PCC). This is important because the
measured value THD, can be significant and reach up to 90%.

In this way only customers that over-cross the threshold, will be charged for
additional consumed power, Dy:

D, =D -D, 12)
where D denotes measured distortion power. Therefore, the customer will not be
penalized for using loads with allowed limit of harmonic defined by IEEE 519-
1995standard.

The standard IEC 61000-3-2 cannot be used for correction factor calculation because
it applies different philosophy to define the allowed amount of harmonic. Namely IEEE
519-1995 limits harmonics primarily at the service entrance (PCC) while IEC 61000-
3-2 is applied at the terminals of end-user equipment. Therefore, IEEE 519-1995
defines maximal allowed value of each harmonic (as percentage of fundamental
current) in order to prevent interactions between neighboring customers within the
power system. However, the intention of IEC limits is to reduce harmonic pollution in
an industrial plant. Moreover IEC 61000-3-2 defines four classes of equipment (Class
A, B, C, D), by assigning different limits for harmonics in each class. These limits are
given as maximum allowed harmonic current for classes A, B and D, or as percent of
fundamental current for classes C.



The next section will demonstrate the suggested methodology on real examples.
These results are obtained by using industrial standard power meter manufactured by
EWG [15].

4 Measured Results

The main advantage of the suggested billing method is its applicability. Namely, most
of contemporary power meters at the market can be enhanced with the option to
calculate distortion power according to (10). In our case we use the meter produced by
“EWG” [15]. It is based on standard integrated circuit 71M6533 [16]. The power meter
completely fulfils IEC 62053-22 standard [17]. The only additional effort was to gather
data provided by the meter and to acquire them using a PC.

Figure 1 illustrates the implemented set-up. It consists of the meter, the load and PC.
The meter sends the measured data through its optical port. PC receives them on RS232
port. Dedicated software processes data and forwards them to Matlab script that
calculates the distortion power.

Power Device under test
outlet (LOAD)
230V /50Hz |power  ElECtronic
et power meter
Signal RS232 input
output —}
Computer + Software

Fig. 1. Set-up circuit for distortion power measurement

The two main components of mining rings are graphics card and power supply unit.
There exist many different manufactures of graphics processing unit (GPU) in the
market. However, the most popular are AMD and NVIDIA GPU, so in the most
graphics cards used for mining we can find one of these two GPUs.

We should note that graphics cards and GPUs are not manufactured by the same
company. Namely, we have a lot of different manufacturers of graphical cards that use
same AMD or NVIDIA GPU unit. Consequently, the cards manufactured by different
manufacturers don't have the same characteristics, such as power consumption and hash
rate. According to mining experts the most profitable GPUs in 2018 are RX580 from
AMD and GTX1070 from NVIDIA.

The second important thing in mining ring is power supply unit. This unit must have
high efficiency in order to reduce power consumption, and consequently mining costs.
Thus, in the most of mining rings there is a PSU unit with efficiency more than 80%
(bronze, silver, gold, platinum and titan design). As it can be seen from the Table 1,
PSUs with the same design have different efficiency when loaded differently. For



example, 80 PLUS Gold PSU supplied by 230V has 88% efficiency when load rate is
20%, but it has 92% efficiency when load rate is 50% [18].

Table 1. Required efficiency depending on % of rated load

115V Internal Non- 230V Internal Redundant
Redundant

9%Rated Loads 20% [ 50% [ 100% [ 10% [20% [50% | 100%
80 PLUS 80% | 80% | 80% N/A

80 PLUS Bronze 82% | 85% |82% |- 81% [85% |81%
80 PLUS Silver 58% | 88% |85% |- 85% |89% | 85%
80 PLUS Gold 57% | 90% | 87% | - 88% | 92% | 88%
80 PLUS Platinum [ 90% | 92% |89% | - 90% [94% | 91%
80 PLUS Titanium [ 92% | 94% |91% [90% |94% |96% | 91%

In this paper we present results of measured powers (active, reactive, distortion and
apparent power) for two PSUs and effects of these quantities to the utility losses.

The mining ring that was used as a device-under-test consists of: PSU Cooler Master
750W bronze design, Sesonic Focus PSU 850W gold design, 6 Gigabyte GTX1070
graphics cards (3 cards are with one single fan, and other 3are with three fans). The
Sesonic Focus PSU supplies graphics cards with three fans, while Cooler Master PSU
supplies the other three graphics cards, motherboard and SSD hard disc.

In Fig. 2 we show power consumption of Cooler Master PSU for different load rates.
The measurement started when only one graphics card was mining (phase 1), then the
second and the third cards were turned on (phase 2 and 3). As it can be seen from Fig.
2 when all three cards work together, the active power is about 400W while reactive
and distortion power are about 75VAR. This means that about 18% of active power
would not be registered on the network. Consequently, this would lead to utility losses.

In the next several phases we started turning cards off, one by one, so at the end
(phase 8) only PSU and some components of mining rings (motherboard, processor and
SSD hard disc) consumed power. In this phase, active power is 100W, reactive 50VAR,
while distortion power is almost zero.
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Fig. 2. Measurement results for Cooler Master PSU

Figure 3 presents measurements results for Sesonic PSU and the other three cards.
The obtained results show that this supply is much better for utility side because the
value of distortion power is small in all load rates. Its value is about 50VAR when all
three cards work. This means that about 10% of active power would not be registered
on the network. Also, this would lead to utility losses.
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Fig. 3. Measurement results for Sesonic Focus 850 PSU

Figure 4 presents obtained measured results for all mining rings. At the beginning,
we turned three cards one by one. After that we turned off two cards and then started to
turn on card by card. In situation when all six cards were working the active power was
820W, reactive power was 180VAR while distortion power was about 150VAR. This



means that about 18% of active power would not be registered on the network. At the
end we turned off 3 cards at the same time.

The obtained measured results show that PSUs that are used in mining rings are very
efficient. These measurements confirmed results shown in the Table 1.

Comparing these measured results with results presented in [5], we notice that these
PSUs generate significantly smaller number of harmonics, but this amount is still not
negligible. The number of harmonics reflects to the distortion power value. This is the
power that is delivered to the customer, but not registered due to inadequate
measurement equipment and not billed due to inadequate billing policy. Based on the
results obtained in this paper, the utility would have losses of about 10-18% of delivered
active power, depending on the PSU used and load rates.
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Fig. 4. Measurement results for the whole mining ring

5 Conclusion

The obtained measured results show that PSUs used in mining rings are very efficient
and they generate small number of harmonics. However, utility losses due to inadequate
measurement equipment and billing policy are still significant. Namely, these values in
our case reach up to 18% due to not registered distortion power. Moreover, the reactive
power is also not registered almost everywhere in the world for the resident customers.
Taking into account these values, overall losses can reach up to 45%. We should notice
that these quantities are measured for branded PSUs, so in our future work we will
focus on PSUs produced by other manufacturers. Also, we will give harmonic
footprints for these PSUs. Based on these values, utilities will have information which
harmonics are dominant on power supply network. So, they can plan how to reduce
mitigation of harmonics through the network by implementation of some active
harmonic filter at the point of common coupling (PCC).
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