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An important part of the bitcoin network is mining, a process of running hash algorithms in order to confirm
bitcoin transactions and receive bitcoin rewards. Bitcoin mining is now a major market with multimillion
dollar companies developing hardware specifically for bitcoin mining. By analyzing bitcoin income, hardware costs, and electricity costs in the past 15 months, we were able to determine that miners have reached
negative net income due to injection of capital into the system as well as reinvestment of income. This indicates that miners will not be able to continue hardware investment without additional capital, suggesting
a slower hashrate growth in the future. We then discuss a amplifying oscillation behavior upon reaching a
mining equilibrium, in which operating costs equal income, as well as potential exploitation due to industrial
mining centralization.
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1. INTRODUCTION

Bitcoin is a cryptocurrency introduced in 2008. It was designed as an “electronic
cash system” that doesn’t require a central authority by using a peer-to-peer network
[Nakamoto 2008]. It has gained popularity in the last few years, and it is now being
accepted by several major companies, including Overstock, Expedia, and Dell [Ember
2014].
In order to use bitcoin, each user must have a wallet. A wallet consists of a client
that manages a public key and a private key; the public key is the address used to
accept bitcoins for that wallet, and the private key is required in order to send bitcoins from that wallet. The balances are managed by a network-wide system called
the blockchain, represented in Fig. 1.
When a transaction occurs, the transaction is given an ID (often referred to as TXID)
and the information concerning the transaction is sent to a transaction cloud. Bitcoin
miners, groups or individuals running the Bitcoin mining software, then choose transactions from the cloud and form them into blocks. These miners then run random hash
algorithms, which reform data into a unique string of numbers and letters. When a
miner is able to calculate a hash that meet certain criteria, the block of that miner is
added onto the blockchain [Peck 2013]. The balance of each address is calculated by
considering all relevant transactions in the blockchain. Delays in information propagation can cause a branch to form in the blockchain, in which two blockchains are formed
due to blocks being added at the same time. In this case, the chain to which the next
Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted
without fee provided that copies are not made or distributed for profit or commercial advantage and that
copies show this notice on the first page or initial screen of a display along with the full citation. Copyrights
for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, to republish, to post on servers, to redistribute to lists, or to use any component
of this work in other works requires prior specific permission and/or a fee. Permissions may be requested
from Publications Dept., ACM, Inc., 2 Penn Plaza, Suite 701, New York, NY 10121-0701 USA, fax +1 (212)
869-0481, or permissions@acm.org.
c YYYY ACM 1946-6227/YYYY/01-ARTA $15.00
DOI:http://dx.doi.org/10.1145/0000000.0000000
ACM Transactions on Economics and Computation, Vol. V, No. N, Article A, Publication date: January YYYY.

A:2

J. Lee and Y. Kim
Block 5

Block 6

Block 7

Block Header

Block Header

Block Header

Hash of Previous
Block Header

Hash of Previous
Block Header

Hash of Previous
Block Header

5.3 BTC from 1Fyr... to 1Faw

9.2 BTC from 1OUd... to 1EjD...

2.1 BTC from 1Jhs... to 1EjD

7.3 BTC from 1chG... to 1JjL

0.1 BTC from 1dUs... to 1Pjd...

0.6 BTC from 1vjJ... to 1eQw

0.5 BTC from 1sGd to 1GDd

5.2 BTC from 1JjL... to 1Jhs

40 BTC from 1Mnc... to 1TjU

Fig. 1. A simplified diagram describing the blockchain system. [Bitcoin.org 2014]

block is added to is chosen as the main chain, and the other chain is ignored [Decker
and Wattenhofer 2013]. This entire process is called Proof of Work, and it gives the
transaction process a concept of time and order.
The main aspect of the bitcoin process that the paper will focus on is the mining
process. The hash algorithm that Bitcoin uses is SHA-256, but other cryptocurrencies
have used other algorithms such as Scrypt. Miners originally used CPUs in order to
mine (hence the references to CPU power in the original Nakamoto paper [Nakamoto
2008]), but miners have since moved to GPUs, FPGAs (Field Programmable Gate Arrays), and ultimately ASICs (Application Specific Integrated Circuits). Each step in
hardware development significantly lowered hardware costs and increased efficiency.
Although the miners main purpose in the network is to confirm transactions, most
miners mine for the mining rewards. Every time a miner is able to add a block to
the blockchain, the miner is rewarded a certain amount of bitcoins. This reward serves
two purposes: to provide an incentive to continue confirming transactions and to create
new bitcoins in the system. The network regulates itself so that a reward is given every 10 minutes by adjusting the difficulty of mining every 2 weeks in accordance with
the total network hashrate - higher the hashrate, higher the difficulty. This balance is
shown in Fig. 3(b). The system can be compared to a lottery given every 10 minutes:
as more people sign up for the lottery, the difficulty of getting the reward increases.
The reward for mining is halved every 4 years, and only 21 million bitcoins can ever
be mined [Bitcoin.org 2014].
Due to the ever-increasing difficulty of mining, miners with small computing power
(often measured in gigahashes per second and referred to as “hashrate”) will often join
“pools” in order to mine as a group. If a block is found by any member in the group,
The rewards are split between all of the members. Major portions of the total mining
hashrate are consisted of pools, and the current hashrate distribution among pools is
shown in Fig. 2.
This paper seeks to analyze the past 15 months of the bitcoin mining network and
discuss the current trend in the mining market. It seeks to gain a more clear understanding into the explosive growth in hashrate observed in the past, and attempts to
predict mining behavior in the future. Section 3 will discuss the players of the mining
market and their impacts upon it. Section 4 will analyze historical data and attempt
to understand the past trends, and section 5 will use those trends to describe trends in
the future. Section 5 also presents a new behavior due to a mining equilibrium.
2. RELATED WORKS

The first documentation for Bitcoin was Satoshi Nakamoto’s whitepaper, which described the basic mechanics of the currency [Nakamoto 2008]. Since then, various litACM Transactions on Economics and Computation, Vol. V, No. N, Article A, Publication date: January YYYY.
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Fig. 2. Total Hashrate Distribution among Mining Pools in July, 2014. [Blockchain 2014c]

erature have discussed the economic, social, and technological impacts of Bitcoin on
the status quo. Additionally, several whitepapers have been written to present alternate currencies that modify bitcoins in order to improve various aspects. For example,
Proof of Stake was presented by Daniel Larimer in order to replace the Proof of Work
system implemented in Bitcoin [Larimer 2013]. Although an attempt at estimating
bitcoin energy use was made by the blockchain organization, an inaccurate assumption made during the calculations caused the result to be highly unrealistic. To our
knowledge, no previous academic attempts have been made to analyze both the costs
and revenue of bitcoin mining by compiling historical data.
3. THE PLAYERS IN THE MINING MARKET
3.1. The Miner

A Bitcoin miner can be described as a group or individual that is running the Bitcoin
mining software in order to secure transactions. However, the vast majority of miners
are not mining for the sole benefit of the Bitcoin network. Most miners, including the
miners with the highest hashrates, are mining in order to make a profit from mining
rewards [Reuters 2013]. In order to make a profit, several conditions must be met:
— The mining rewards must be able to cover the initial hardware cost within a limited
period of time.
— The operational cost for a period of time must not be higher than the mining rewards
during that time.
— Bitcoin must remain valuable.
These conditions may be difficult to achieve due to several factors working against
the bitcoin miner. The rising difficulty due to competition between miners is the main
obstacle to achieving profitability, as it continuously diminishes the mining rewards
that the miner receives. Additionally, the mining rewards are cut in half every four
ACM Transactions on Economics and Computation, Vol. V, No. N, Article A, Publication date: January YYYY.
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Fig. 3. The balance between hashrate and difficulty in bitcoin mining

years, prohibiting long term returns. Therefore, the miner must rely on a few methods
in order to ensure that a break-even point, or a return on investment, can be reached.
First, the miner must buy the most efficient miner for the lowest price possible. This
ensures that the initial investment cost and the electricity cost cause minimal impact
to the net profits of the miner. Second, a miner may assume some risk by keeping its
earnings in Bitcoin and hoping for an increase in value. A price increase in bitcoin may
be the quickest way to gain profitability, but there is also a risk of a price decrease,
which would also decrease profitability. Finally, the miner must assume one of two
strategies:
— Short Term: The miner starts with a set amount of hardware, mining until the operational costs are higher than the rewards. The miners are then sold off at a very low
price, possibly resulting in a net profit.
— Long Term: The miner starts with a set amount of hardware, and continues buying
more hardware with the earnings in order to keep up with the difficulty. Stronger
and more efficient hardware is continuously bought.
The short term plan does not require a large initial investment; however, it may be
harder to reach profitability. The long term plan may be easier to reach profitability
with, but requires a very large initial investment (often tens of thousands of dollars)
and early adoption of high-end hardware. The majority of the total hashrate comes
from miners employing the long term plan (as they are continuously increasing their
hashrate). As the total network hashrate increases due to long term miners, the difficulty increases, resulting in a cycle shown in Fig. 3(a) and a miner hardware arms
race between miners.
3.2. The Hardware Producer

Initially, bitcoin mining was done through the use of consumer CPUs and GPUs. However, with the development of mining-specific Field-programmable Gate Arrays (FPGAs) and Application Specific Integrated Circuits (ASICs), small companies began developing and selling these mining hardware products to miners. ASIC mining hardware is now a huge market with several multimillion dollar companies dedicated to
the development of mining hardware. KnCMiner, one of these companies, sold 8 million dollars of its newest mining ASIC hardware within 24 hours [Wile 2013], and
BitFury, another mining hardware company, raised 20 million dollars in funding from
various investors [Rizzo 2014a]. The competition between companies is pushing technology development, as shown by KnCMiners announcement of 20nm mining chips in
March, 2014 [Hajdarbegovic 2014c].
ACM Transactions on Economics and Computation, Vol. V, No. N, Article A, Publication date: January YYYY.
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Fig. 4. The significant decrease in total transaction fee per day in early 2014 [Blockchain 2014e]

4. ELEMENTS OF MINING ECONOMICS

This section discusses several factors that can affect a miners net profits. By analyzing
the total network hashrate of Bitcoin and historical hardware data, it is possible to
calculate the overall mining rewards, hardware cost, and electricity cost.
4.1. Mining Rewards
4.1.1. Overview. Currently, when a miner solves a block, 25 bitcoins are awarded. This
is estimated to occur every 10 minutes, and adjustments are made for faster total
hashrates by increasing the network difficulty (or lowering the difficulty in case of a
slower total hashrate). This process is described in Fig. 3. Note that 10 minutes is just
an average - it can take a few seconds or several hours in order to find the next block.
The number of bitcoins awarded is halved every 4 years, and the next halving is
estimated to be in 2016. Therefore, miners must expect rewards to be halved sometime
in 2016, unless bitcoin prices double before the halving. Bitcoin rewards are reliant on
bitcoin prices relative to fiat currencies, such as the US Dollar or the Chinese Yuan,
as miners must convert the bitcoins into these currencies in order to pay for hardware
(some companies accept bitcoin as payment) and electricity.
Miners also receive rewards in forms of transaction fees. When bitcoins are transferred, users can choose to add a small fee to the transaction in order to support the
miners. In the past, a minimum transaction fee was required for small transactions.
However, this was decreased significantly in early 2014 due to the high prices of bitcoin
[Bradbury 2014], and the decrease in total transaction fee is visible in Fig. 4.
A study published in The International Conference on Digital Security and Forensics
suggests that these near-zero fees for transactions are unsustainable for the Bitcoin
network in the future, as transaction fees ultimately need to offset increasing miner
costs and decreasing mining rewards [Kaskaloglu 2014].
4.1.2. Historical Trends. The total mining rewards were calculated by using two different methods.
First, total mining rewards were taken from collected Bitcoin data. The Blockchain
organization tracks all blocks, transaction fees, and bitcoin price in real time and provides a database of total miner revenue per day in USD. This graph is shown in Fig.
5.
The daily mining revenues were then summed up for each month from April 2013 to
June 2014.
ACM Transactions on Economics and Computation, Vol. V, No. N, Article A, Publication date: January YYYY.
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Fig. 5. Miner revenue per day in USD for the last 2 years [Blockchain 2014d]

Fig. 6. Total network hashrate per day in Ghash/second for the last 2 years [Blockchain 2014b]

Second, total mining rewards were calculated theoretically. The Blockchain organization also provides an estimate for the total hashrate of the entire bitcoin network
for each day, as well as the difficulty for that day. The graphs for the total network
hashrate and difficulty are shown in Fig. 6 and Fig. 7, respectively.
With the hashrate and difficulty, it is possible to estimate the average time between
blocks finds with (1).
difficulty ∗ 232
(1)
hashrate
where tb is the time between block finds in seconds. This should be close to 10 minutes.
It is now possible to find the average number of blocks found in each month. By
adding the average transaction fee for each month from April 2013 to June 2014 (400
BTC according to Fig. 4) and multiplying it by a constant price for bitcoin (620 USD
was used), it is possible to calculate the theoretical income for miners in USD, assuming that the bitcoin price remained constant. This gives an insight into how much the
bitcoin price can affect the income for Bitcoin miners.
The results from both methods are shown in Fig. 8
tb =

ACM Transactions on Economics and Computation, Vol. V, No. N, Article A, Publication date: January YYYY.
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Fig. 7. Mining difficulty per day for the last 2 years [Blockchain 2014a]
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Fig. 8. Historical and theoretical miner revenue from April 2013 to June 2014.

While the theoretical miner revenue remained constant for 15 months (due to the
controlled bitcoin reward rate at 25 bitcoins every 10 minutes), the volatile price of
bitcoin caused big variations in the historical miner revenues for each month. This
emphasizes the importance of the bitcoin market value in profiting by mining.
Note that we are assuming all mined bitcoins are immediately converted to fiat currency in order to calculate revenue; if miners held on to bitcoins, fiat revenue may be
higher or lower.
4.2. Hardware Costs
4.2.1. Overview. A major part of a miners total costs come from hardware purchases.
In order to start mining, the miner must initially buy mining hardware. Mining hardware can be very expensive, with some ASIC miners reaching up to tens of thousands
of dollars. Therefore, it is important that the mining hardware eventually pays for itACM Transactions on Economics and Computation, Vol. V, No. N, Article A, Publication date: January YYYY.
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Table I. ASIC hardware cost data. (The hardware is released if it is available to customers)

Date Released
Jan. 2013
Aug. 2013
Nov. 2013
Jan. 2014
Apr. 2014
Apr. 2014
Apr. 2014
Jun. 2014
Jul. 2014

Name
Avalon 1
KnC Jupiter
AntMiner S1
Avalon 2
Antminer S2
Avalon 3
Avalon 3 2U
Antminer S3
Prospero X-1

Perf. (Gh/s)
66
400
100
105
1000
325
890
478
100

Price ($)
1299
4995
299
200
3899
480
1800
450
415

Value ($/Gh/s)
19.68
12.49
2.99
1.90
3.90
1.48
2.02
0.94
4.15

Source
[BitSyncom 2012]
[Spaven 2013; KnCMiner 2013]
[Antminer 2013; BITMAIN 2013]
[Avalon 2014a]
[Antminer 2014a]
[Avalon 2014c]
[Avalon 2014b]
[Antminer 2014b]
[BlackArrow 2014b; BlackArrow 2014a]
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Fig. 9. Historical mining hardware value data and its fit.

self. However, this can be a large gamble due to the volatility of the bitcoin price and
the rising difficulty. Miners must always buy the hardware with the lowest cost per
Gh/s to increase their chances of recovering the hardware cost as quickly as possible.
4.2.2. Historical Trends. Due to competition between hardware companies, the cost per
Gh/s for ASICs has gone down throughout the last two years. In order to model this
decrease, data was collected for several ASICs over the past two years. This data is
shown in Table I and Fig. 9. (2) was found to describe the trend expressed in the data.
Note that data for GPUs and FPGAs were not collected due to variation in performance and cost and lack of documentation. It can also be assumed that the development of ASICs made GPUs and FPGAs obsolete by pushing the difficulty beyond their
profitability point, ending their operation.

Vh = 13.73e0.1297t

(2)

where Vh is the hardware value in USD per gigahash per second and t is the number
of months after April 2013.
By using the hashrate data shown in Fig. 6, it is possible to calculate the hashrate
increase per month. By assuming that the miners will always buy the highest value
ACM Transactions on Economics and Computation, Vol. V, No. N, Article A, Publication date: January YYYY.
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Fig. 10. Historical mining hardware cost per month data over 15 months assuming ideal conditions.

(lowest $/Gh/s) hardware, the amount of money spent on hardware each month can be
calculated with (3).
Ch = ∆hashrate ∗ Vh

(3)

The results of these calculations are shown in Fig. 10.
Hardware cost per month has increased dramatically in the past 15 months. The
hardware cost for June was approximately 75.5 million dollars, and a continuation of
this trend would result in over a hundred million dollars spent per month total for
acquiring hardware. Compared to the miner revenue shown in Fig. 8, hardware cost
seems to take a huge chunk out of the income. This is in accordance with the long
term plan presented in section 3.1, in which most of the income is used in order to buy
additional hardware.
4.3. Electricity Costs
4.3.1. Overview. A major part of the operating cost is the electricity costs of running
the hardware. This cost will often determine the profitability of the mining hardware,
as the hardware must be able to earn more money than it uses. Energy efficiency
is seen on two levels: chip efficiency and hardware efficiency. While developing ASIC
chips can be resource intensive, many hardware manufacturers are taking other companies’ chips and attempting to improve efficiency and performance through hardware
design.
The energy used in bitcoin mining is becoming a big concern, especially with the
increasing global hashrate. KnCMiner has built a 10-megawatt datacenter in Sweden for bitcoin miner hosting [Miller 2014a], and there are plans for a 50-megawatt
datacenter by a California-based company, Aquifer [Miller 2014b]. While these may
seem small compared to some 100-megawatt datacenters built by major corporations
[Fehrenbacher 2012], bitcoin mining energy use is expected to continue its increase,
potentially placing bitcoin mining as a significant energy consumer in the IT energy
market.
ACM Transactions on Economics and Computation, Vol. V, No. N, Article A, Publication date: January YYYY.
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Table II. ASIC hardware efficiency data. (The hardware is released if it is available to customers)

Date Released
Jan. 2013
Apr. 2013
Jun. 2013
Aug. 2013
Nov. 2013
Jan. 2014
Apr. 2014
Apr. 2014
Apr. 2014
Jun. 2014
Jul. 2014

Name
Avalon 1
Sapphire
Jalapeno
KnC Jupiter
Antminer S1
Avalon 2
Antminer S2
Avalon 3
Avalon 3 2U
Antminer S3
Prospero X-1

Perf. (Gh/s)
66
0.336
5
400
100
105
1000
325
890
478
100

Power (W)
400
2.55
30
600
200
340
1100
405
1037
366
75

Eff. (W/Gh/s)
6.06
7.59
6
1.5
2
3.23
1.1
1.25
1.17
0.77
0.75

Source
[BitSyncom 2012]
[Friedcat 2013]
[BFL 2013]
[KnCMiner 2013]
[Antminer 2013; BITMAIN 2013]
[Avalon 2014a]
[Antminer 2014a]
[Avalon 2014c]
[Avalon 2014b]
[Antminer 2014b]
[BlackArrow 2014b; BlackArrow 2014a]
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Fig. 11. Historical mining hardware efficiency data and its fit.

4.3.2. Historical Trends. In order to understand the energy use of bitcoin mining, the efficiency of bitcoin miners must be considered. Historical data was collected for 11 ASIC
miners, and is shown in Table II and Fig. 11. (4) was found to fit the trend described
by the data. Note that there is more data due to better documentation; hardware price
are more variable and more subject to change.

Eh = 5.412e0.1076t

(4)

where Eh is the hardware efficiency in watts per gigahash or joules per gigahash per
second and t is the number of months after April 2013.
By using the average hashrate per month given in Fig. 6, it is possible to calculate
the number of hashes calculated per month. By multiplying this by the efficiency, the
amount of joules used per month for bitcoin mining can be calculated. This value has
been converted to KWh in order to facilitate price calculations, and is displayed in Fig.
12.
The data shows that during the month of June 2014, the bitcoin mining network
used 93.1 gigawatt-hours of electricity. This is small (about 0.12%) compared to the avACM Transactions on Economics and Computation, Vol. V, No. N, Article A, Publication date: January YYYY.
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Fig. 12. Historical mining energy use data over 15 months assuming ideal conditions.
Table III. Electricity Usage/Generation of Various Entities Compared with Bitcoin
Mining
Entity
Average American House Monthly (2012)
Bitcoin Mining Monthly(June 2014)
Google Monthly (2010)
Average US Nuclear Plant Monthly (2012)
Los Angeles County Monthly (2011)

Elec Usage per Month (GWh)
0.0000903 [USEIA 2014b]
93.1
188.3 [Google 2011]
983.3 [USEIA 2013]
5773 [ECDMS 2014]

erage of 77.5 terawatt-hours of electricity used by the information and communication
technologies sector per month [Lannoo et al. 2013], but note that the value calculated
above does not include the computers, monitors, internet services, cooling systems, and
other operating energy costs. The actual value may be higher. Further comparison of
electricity usage with other entities are shown in Table III.
In order to calculate the electricity cost, the average price for electricity is needed. In
this case, the average electricity price of 10.18 cents per kilowatt-hour for the United
States from 2013 to 2014 was used [USEIA 2014a]. Table IV presents the average
electricity prices for various other countries. Figure 13 shows the result of these calculations.
The results show that every month, millions of dollars are spent in electricity costs
to mine bitcoins. In June 2014, miners spent approximately 9.48 million dollars in electricity costs. This is in stark contrast to a previous calculation presented in a Forbes
article, which suggested that Bitcoin mining spent 15 million dollars in electricity every day, resulting in about 460 million dollars each month [Worstall 2013]. It must be
noted that this article assumed a electricity usage of 650 watts per gigahash, while we
derived a value closer to 5 watts per gigahash from our data. Additionally, the maximum revenue possible per month is theoretically 110000 BTC, or 65 million USD. It
is unrealistic to suggest that the operational electricity costs are nearly seven times
the total income. Our calculated value may be lower than the actual value, as we are
assuming that all miners are using the most efficient hardware available and are exACM Transactions on Economics and Computation, Vol. V, No. N, Article A, Publication date: January YYYY.
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Table IV. Electricity Prices for Various Countries in 2010. Tax not included. [Agency
2012]
Country
Canada
France
Germany
Italy
Japan
Mexico
Spain
Sweden
United Kingdom
United States

6

10

x 10

Industry Price (USD/KWh)
0.0601
0.0964
0.1062
0.2010
0.1223
0.1071
0.1266
0.1005
0.1263
0.0679

Household Price (USD/KWh)
0.0822
0.1216
0.1838
0.1964
0.1856
0.1784
0.2007
0.1438
0.1895
0.1158
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Fig. 13. Historical mining energy cost data over 15 months assuming ideal conditions.

cluding energy usage related to cooling, bandwidth, and other operations. However, we
are confident that our calculations are more realistic representations of the energy use
of bitcoin, as it allows for net revenue above operational costs.
Electricity costs are the defining factor of the profitability of mining, and those with
the most efficient mining hardware will always be at a significant advantage over others with less efficient hardware. Electricity costs will only continue to increase unless
significantly more efficient mining methods are found or cheaper sources of electricity
are developed.
4.4. Net Miner Earnings

By combining the data from sections 4.1.2, 4.3.2, and 4.2.2, the net profit of the entire
miner network can be calculated for every month. The calculated net profits are shown
in Fig. 14.
Figure 14 shows that net miner profits have fallen significantly for the past 15
months, dipping below zero in April 2014. Considering that these calculations were
performed assuming ideal conditions, in which every miner always has the most effiACM Transactions on Economics and Computation, Vol. V, No. N, Article A, Publication date: January YYYY.
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Fig. 14. Net profit from mining over 15 months assuming ideal conditions.

cient and high-value hardware, it is possible to suggest that in reality, net miner profits
have fallen below zero earlier in the year.
There are several ways to explain why mining has continued even after net miner
profits have fallen below zero. First, many miners may not have reached an ROI (Return on Investment) on their investment on bitcoin hardware yet. These miners may
continue mining until electricity costs and diminishing returns prohibit continued operation, but these miners are still at a net loss. Additionally, industrial miners employing the long term strategy described in section 3.1 are continuing to reinvest income
and additional capital into buying more hardware, resulting in a small or negative net
profit. It must be noted that an increased bitcoin price is essential to the investment
plans of many mining companies. As seen in Fig. 8, market value strongly influences
the income of miners. George Bachiashvili, CEO of the Georgia Co-Investment Fund,
which invested in the mining company BitFury, suggests that “If it rises and reaches
several thousand per bitcoin, I think good revenue can be generated” [Rizzo 2014b].
5. FUTURE PROJECTIONS
5.1. Mining Hardware Projection

Hardware is expected to follow the current trend of increasing efficiency. However, the
increase rate of efficiency and value is not expected to match the increase in hashrate.
In fact, the development rate (if the current trend continues) is expected to slow down
as ASIC development catches up to current limits of technology. KnCMiner has already
developed a 20nm ASIC chip [Hajdarbegovic 2014c], and unless signifcant developments are made in chip design or production size, efficiency improvement is expected to
slow down. It is suggested that bitcoin mining hardware may follow the trend described
by Koomey’s Law, in which computing efficiency doubles every 1.5 years [Koomey et al.
2011]. A new company, CoinBau AG, is already claiming that it can produce a mining
chip that will halve energy usage [Drner 2014].
The value of ASIC miners, however, is expected to increase in the future due to
competition between companies. Companies will continue to offer higher hashrates
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for lower prices in order to stay competitive. However, the consumer mining market
seems to be shifting. Due to rising entry points for consumers, mining companies are
now offering hosting solutions for mining machines. KnCs 10 gigawatt datacenter was
built for this purpose [Miller 2014a], and BitFury is offering hosting solutions for customers as well [Hajdarbegovic 2014b]. The cloud/hosted mining platform benefits both
consumers and hardware companies. Consumers benefit because hosted mining removes operation obligations (shipping, electricity, cooling, noise, internet, etc.) albeit
for a hosting fee. Hardware companies also benefit because they can keep the hardware that they produce mining at their own location, removing packaging, shipping,
and other logistical costs. CEX.io, a cloud mining service, provides a unique service in
which customers can buy and sell Gigahashes of mining on a free market [Hajdarbegovic 2014a]. This means that customers can potentially profit from the mining itself
as well as from trading on the market. The historical prices for 1 Gh/s from CEX.io are
shown in Fig. 15.
However, this shift to hosted mining creates an issue of mining centralization. It
was mentioned in section 1 that miners often form a pool, a distributed computing network, in order to combine computing power. On June 2014, Ghash.io, a pool in which
CEX.io (the cloud mining service) mines, reached 50% of the total network mining rate
[Shanafelt 2014]. This is significant, as controlling 51% of the hashrate could potentially allow for bitcoin blockchain manipulation, allowing for double spends. Double
spends, or 51% attacks, are exploits in which bitcoin is spent twice by controlling the
blockchain process with a superior mining rate. This method of attack was predicted as
a potential exploit in the original bitcoin whitepaper, which states, “The system is secure as long as honest nodes collectively control more CPU power than any cooperating
group of attacker nodes.” [Nakamoto 2008]. While ghash.io has promised to restrict its
hashpower to 40% of the network [Wilhelm 2014], the increasing industrial centralization of bitcoin mining may still increase chances of a 51% attack occuring. Some argue
that the attack is still highly unlikely, however, as such an attack would significantly
decrease trust in the system, resulting in a crash in bitcoin price. The attacker would
lose money in the process, making the attack itself unviable [Hern 2014].
5.2. Hashrate Projection

As shown in Fig. 6, the total network hashrate has grown significantly in the past.
However, as shown in Fig. 14, net miner revenue has decreased dramatically due to
hardware costs and electricity costs. Under ideal conditions described in section 4, the
miners are currently making negative profit each month.
When miner profits are below zero, it indicates that miners are now using external
capital in order to buy more hardware. This should result in a slower hashrate growth,
as less miners are able to buy more hardware. This should be mirrored in the difficulty
growth. July’s difficulty increase of only 3% (The lowest since early 2012) may be a
result of the decreasing net miner profit. However, it is also suggested that this may
be caused by the operation of new mining hardware (the antminer S3) spiking the
difficulty in June [CoinGazette 2014].
5.3. Mining Equilibrium

The relationship between costs, income, hashrate, and difficulty brings up an interesting question. Can an equilibrium be reached where the income of the miner and the
operating costs reach an equilibrium?
The equilibrium can be defined in terms of difficulty. At a certain difficulty, the income will be low enough and the electricity/hardware costs high enough for an equilibrium to be reached. We predict that when this equilibrium is reached, the difficulty
will display an oscillation behavior, not a static behavior due to a cycle.
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Fig. 15. Price of 1 Gh/s in BTC from cex.io. [Bitcoinwisdom 2014]

(1) The mining difficulty will approach the equilibrium point. By this time, the mining network will already be under strain from increasing costs and diminishing
returns, so it will show a deccelerating behavior.
(2) The mining difficulty will rise above the equilibrium point as the hashrate continues to increase. Whenever the difficulty is over the equilibrium line, most miners
will start losing money while mining. Therefore, the total network hashrate will
actually go down during the duration of the high difficulty. Only the miners with
large captial will continue mining. This trend will continue for 2 weeks.
(3) Since the hashrate went down during the past 2 weeks, the new difficulty will go
down, below the equilibrium line. Now that mining is profitable again, miners will
once again start mining and increasing their hashrate. People will be able to buy
more hardware from their profits, increasing their hashrates.
(4) The cycle will repeat from step 2.
This cycle is diagrammed in Fig. 16, and the resulting difficulty behavior is described
in Fig. 17.
The equilibrium line can change due to many factors. If the bitcoin price increases
or decreases, the equilibrium line will rise and fall, respectively. Also, if new, cheaper
hardware that requires less operational costs is released, the equilibrium line will rise.
Therefore, the equilibrium line can be quite dynamic.
This exposes a possiblity for exploitation. When the difficulty is just under the equilibrium line, everyone will mine. However, when the difficulty is over the equilibrium
line, the hashrate will drop dramatically has, theoretically, no miner can profit over
the equilibrium line, even with the best hardware. This will cause the next difficulty
update to be very low, which means miners will be able to mine very profitably at a
low difficulty. This will only cause the next difficulty update to be even higher above
the equilibrium line, further dropping the overall hashrate. This results in an amplification of the oscillation.
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Fig. 16. Difficulty behavior after reaching equilibrium. The dashed line represents the equilibrium.
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Fig. 17. The mining cycle once the equilibrium is reached.

However, it must be noted that this scenario is extremely unlikely. First, reaching
the equilibrium line is extreme, as the difficulty must be high and/or the bitcoin price
must be low. For example, at the current electricity usage, bitcoin price, and hashrate,
the equilibrium difficulty point is at approximately 2.12 ∗ 1011 (compared to the actual
value of 6.3 ∗ 1010 ) under circumstances described in section 4. Or, at the current electricity usage, difficulty, and hashrate, the price of bitcoin would have to be 2.58 USD.
Second, we are assuming that all miners are only mining for profit. Even if the equilibrium point is reached under extreme circumstances, it is reasonable to believe that
many major miners will continue mining in order to dampen the cycle, as such instabilities may be harmful to the market. Third, this calculation ignores transaction fees;
it is possible that transaction fees will keep mining profitable past the equilibrium
line.
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6. CONCLUSION

In this paper, we analyze various aspects of the mining scene over a period of 15
months in order to understand the overall trend of the bitcoin mining market. We
initially find that although the total network hashrate has gone up significantly, the
total miner income per month has stayed constant in bitcoin as the network regulates bitcoin generation to 25 btc per 10 minutes. However, due to the volatility of
the bitcoin/fiat market, the actual miner income in terms of fiat currency has varied
significantly throughout the past.
We discussed the development of mining hardware, and observed the increase of
value in bitcoin hardware. It was calculated that despite the increase in hardware
value, the hardware costs of the entire mining network increased significantly and
accounted for major costs for bitcoin miners. This was tied to a mining strategy of
reinvestment and additional investment by external investors.
The energy usage of bitcoin miners was also discussed. We found that despite the
increase in efficiency, the increase in hashrate still led to a significant increase in
electricity use. Although this electricity use is small compared to the total energy used
in the IT sector, electricity use is expected to continue increasing with the development
of megawatt datacenters specifically dedicated to bitcoin mining. Electricity costs are
not as large as hardware costs, but it is still a main portion of the operation costs, a
significant factor in mining profitability.
All of these factors were then combined, and it was found that net miner profits
under ideal conditions had crossed into negative net profit in April 2014 under ideal
conditions, suggesting that in reality, net miner profit had dipped under zero earlier
in the year. This suggests that miners will not be able to continue investment into
hardware without large external capital, resulting in a slower hashrate growth in the
future.
After discussing past trends, some possible future behavior was discussed in terms
of hardware development, hashrate centralization, and mining equilibrium. It was
suggested that hardware efficiency development may follow the trend suggested by
Koomey’s law as bitcoin ASIC technology reaches the current limits of IC technology. It was also suggested that industrial mining centralization may lead to increased
chances of a 51% attack, but inherent countermeasures preventing this attack were
also discussed. Finally, the possibility of a mining equilibrium was mentioned with the
accompanying amplifying oscillation behavior of hashrate and difficulty.
Several assumptions made during calculations and analysis may result in some inaccuracies. All calculations were done assuming that miners will always use the hardware with the best value and best efficiency. It was also assumed that miners immediately converted their bitcoin into fiat currency, which may not be the case. Some
miners may be willing to maintain their bitcoins, hoping for a price increase. Bitcoin
prices and transaction fees are impossible to predict, and no attempts were made to do
so. However, even with these assumptions, the overall trends still give us a very good
idea of the behaviors of the mining scene and provide a solid basis to base predictions
upon.
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