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COTW: Bitcoin Mining Part 2: The Inputs
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After reviewing the role of miners in the Bitcoin network last week, we explore the components
miners use to actually bring bitcoin to fruition - mining rigs, hosting sites, and power inputs -
in the latest edition of our multi-part Chart of the Week on Bitcoin mining.

Last week we reviewed the role of miners in the Bitcoin network. Recall that after a transaction is
broadcast to the network and nodes have validated it, the transaction will reside in the mempool before
miners may select it and add it to a proposed block. Miners will then hash their proposed block, the time
stamp, and a random number called a nonce attempting to generate a hash below the current target in
order to solve the mining puzzle and be the one selected to add their proposed block to the blockchain
and receive the mining reward and transaction fees. To bring this to fruition, miners rely on three main
inputs: mining equipment, which for Bitcoin are ASIC machines, mining facilities that house and operate
the machines, and power inputs. Each is a vital component of successfully mining bitcoin efficiently and
economically. In the below sections we review these key inputs, while subsequent reports will analyze
the Bitcoin mining business model, key strategies employed, main public players, and Bitcoin’s impact
on the climate.

Mining Equipment

Bitcoin mining takes place on specialized computers called miners or rigs, which produce a certain
number of hashes per second at a certain level of efficiency. Hashes for Bitcoin mining rigs are typically
measured in terahashes per second (TH/s) which is equal to 1 trillion hashes per second.

A mining rig can refer to various different circuit types such as a CPU, GPU, field-programmable gate
array (FPGA), or an application-specific integrated circuit (ASIC). Given that different cryptocurrencies
can utilize different cryptographic hash functions in their mining process, there is not a universally
optimal rig for mining cryptocurrencies broadly. For example, some cryptocurrencies like Monero use a
hashing algorithm that is optimally performed by CPUs to encourage decentralization, as these are the
most prevalent and widely accessible chip type. Other algorithms may be optimally performed by GPUs
for their superior general processing power, memory bandwidth, and efficiency relative to CPUs. In
some algorithms, it may make sense to use specialized chips that are optimized for one particular use
as opposed to chips designed for general purpose computation like CPUs and GPUs. These
application-specific integrated circuits, or ASICs, are customized pieces of silicon that in Bitcoin’s case
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are designed solely to compute SHA-256 hashes as quickly as possible. This feature makes ASICs
very inflexible and largely useless outside of mining bitcoin, but they deliver performance that is orders
of magnitude higher than top-of-the-line GPUs for this purpose. It took an immense amount of R&D to
create ASICs for use in Bitcoin mining, and the first versions weren’t launched until more than four
years after Bitcoin’s creation. FPGAs bridged the gap between GPUs and ASICs. An FPGA is an
integrated circuit that consists of an array of logic blocks designed to be configured by the customer in
the field after manufacturing. These can be repeatedly re-programmed, so they are commonly used to

prototype ASICs.

Exhibit 1: Evolution of Bitcoin Mining Hashrate (TH/s) by Hardware Era (log)
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Source: Blockchain.com, The Evolution of Bitcoin Hardware, GSR

Unlike the ASIC dominated market for Bitcoin mining, Ethereum prioritized mining decentralization,
aiming to utilize an algorithm that was ‘ASIC-resistant’ by incorporating general purpose computation in
the mining process itself, making the creation of an Ethereum ASIC more difficult. Ethereum ASICs first
popped-up in 2018, but the express intent of making them difficult to produce prevented them from
delivering the same efficiency gains that Bitcoin ASICs saw relative to GPUs. Additionally, given
Ethereum’s forthcoming transition to proof-of-stake, the value of Ethereum ASICs would be expected to
decrease, as they would only be useful for mining small alternative cryptocurrencies that use the
Ethash algorithm. Conversely, GPUs could still be used to profitably mine a wide array of
cryptocurrencies with different mining algorithms, albeit less profitably than mining ETH. GPUs could be
also utilized for an array of non-crypto applications, or they could sell their idle compute power on a
hashrate marketplace like NiceHash.
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Exhibit 2: GPU Alt Coin Mining Profitability (relative to mining ETH)

Name Ticker Mining Algo Block Time Block Reward LastBlock Network Hashrate (TH/s) 7d Profitability
Ethereum ETH Ethash 13.6s 2.0 14,671,770 948.0 100%
Conflux CFX Octopus 0.5s 2.0 41,087,483 1.5 74%
Sero SERO ProgPow 13.2s 4.4 7,577,784 0.05 74%
Ethereum Classic ETC Etchash 13.0s 3.1 14,915,421 28.4 68%
Ergo ERG Autolykos 134.0s 63.1 726,554 15.3 60%
Ravencoin RVN KawPow 60.0s 2,500.0 2,230,220 3.2 57%
QuarkChain QKC Ethash 9.9s 22 9,495,129 0.02 56%
Flux FLUX ZelHash 121.0s 37.5 1,097,905 0.0 54%

Source: whattomine.com, GSR. Data based on a GeForce RTX 3090 GPU at $0.05c/kWh electricity cost. This chart is not an exhaustive list
but shows some of the most profitable GPU mining alternatives with market caps >$100m.

Additionally, it's important to note that network hashrate is a measure of a network’s total hash capacity
for a particular mining algorithm, so the metric is not comparable between two networks that use
different mining algorithms. Some miners will quote their digital asset production in bitcoin equivalent
terms, as they may have fleets of ASICs and GPUs, mining both bitcoin and ether.

ASIC Manufacturers

Bitcoin ASIC manufacturing has a high barrier to entry, and it has historically been dominated by a few
manufacturers in China. Bitmain is the industry leader, followed by MicroBT, and they effectively
operate in a duopoly for the most efficient rigs today. Canaan is another key industry player, and they
were the first to introduce a Bitcoin mining ASIC in 2013, but they have lagged behind Bitmain and
MicroBT for a number of years now. Other Bitcoin ASIC manufacturers include Ebang and Innosilicon,
but their most recent models are a few years dated and their efficiency (measured as joules per
terahash) has fallen behind the top players. For example, we do not typically see institutional miners
making purchase orders for rigs outside of Bitmain, MicroBT, and to a lesser extent Canaan today. This
may change in the future as Intel appears ripe to disrupt this status quo. Intel will be entering the
market and releasing their first Bitcoin mining ASIC chip this year with an efficiency that is competitive
versus the top incumbents. Additionally, these existing incumbents are fabless manufacturers, meaning
they design their chips but outsource the fabrication to a semiconductor foundry (fab) like TSMC, SMIC,
or Samsung. Fabless companies focus on R&D and they own the IP of their advanced chip designs,
but they rely on third parties to manufacture and test the silicon wafers that are used in their products.
Intel is the first vertically integrated manufacturer to enter the market, maintaining full control over the
end-to-end production process which may pose some advantages over the field.

Currently, MicroBT’s Whatsminer M30S++ and Bitmain’s Antminer S19 Pro lead the pack and are the
two most profitable rigs for mining bitcoin today. Bitmain’s S19 Pro (110TH/s) is theoretically the most
efficient rig, consuming 3,250W of power with an efficiency of 29.5 J/TH. Assuming an electricity cost of
$0.05c / kWh, the rig is making $21.69 per day with an electricity cost of $3.90, for a daily profit of
$17.79. Anew S19 Pro, however, is selling for around $10,000, so the payback period is about 18
months long. Additionally, these assumptions are more tailored to the cost structure of an institutional
miner, and the economics may look much worse for an individual paying residential electricity prices.
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Exhibit 3: Top Bitcoin Mining Rigs (SHA 256) by Manufacturer, $/day

Release Hashrate (TH/s) Power (W) Efficiency (J/TH) Noise (db) Profitability ($/day)

MicroBT Whatsminer M30S++ Oct 2020 112 3472 31 75 17.92
Bitmain Antminer S19 Pro (110Th) May 2020 110 3250 30 75 17.79
Canaan AvalonMiner 1246 Jan 2021 90 3420 38 75 13.64
StrongU Hornbill H8 Oct 2020 74 3330 45 76 10.60
Innosilicon T3+ 57T Sep 2019 57 3300 58 75 7.28
Ebang Ebit E12 Sep 2019 44 2500 57 75 5.68

Source: Asicminervalue.com, GSR. Data pulled as of Apr 12, 2022 w/ a BTC price of $39.8k and assumes electricity costs of $0.05¢c/kWh.

Bitmain, MicroBT, and Canaan have all announced new rigs for release later this year that exceed the
specifications of their existing models. Most notably, Bitmain and MicroBT have announced
water-cooled versions of these new rigs, substantially boosting performance over their fan-cooled
equivalents.

Exhibit 4: Bitmain S19 XP - Air Cooled Versus Water Cooled Versions

Release Hashrate (TH/s) Power (W) Efficiency (J/ITH) Noise (db) Profitability ($/day)
Bitmain Antminer S19 XP 2H22 140 3010 22 75 24.00

Bitmain Antminer S19 XP Hyd. 1Q23 255 5304 21 50 43.93

Source: Asicminervalue.com, GSR. Data pulled as of Apr 12, 2022 w/ a BTC price of $39.8k and assumes electricity costs of $0.05c/kWh. The
Antminer S19 XP Hyd noise output shown is an estimate based on the S19 Pro Hyd specs.

A global chip shortage combined with high demand has made procuring miners difficult, and mining
companies often form strategic relationships with equipment manufacturers, ordering miners months in
advance and at significant bulk discount rates relative to what a hobby miner may pay. Additionally,
large payments are required well in advance of machine delivery so the financing of these purchases
can be difficult. As an example, both Riot and Marathon inked deals around the beginning of the year to
purchase hundreds of millions of dollars worth of the soon-to-be-released Antminer S19 XPs. While
these purchases are expected to be delivered in monthly installments between July and December
2022, the miners were still required to pay 35% at the time of the deal, an incremental 35% of each
shipment price six months before the shipment was made, as well as the remaining balance of each
shipment one month prior to shipping. All of this is to say that acquiring ASICs is a highly capital
intensive business.

Top ASIC manufacturers also prioritize B2B relationships and sell their newest rigs to institutional
miners at scale. This is on display currently with the soon-to-be-released Antminer S19 XP. Institutions
can contact Bitmain’s business development team to procure a bulk purchase order at an estimated
price of $11,620 per rig, but an individual looking to purchase one of these machines would need to use
an intermediary like Compass that is currently charging a ~26% premium on top. This dynamic
disadvantages retail miners more deeply than may be readily apparent. Given the Bitcoin network
adjusts the difficulty of the mining algorithm based on the total network hashrate, new state of the art
rigs are the most profitable before they have saturated the market and they are still difficult to procure. If
all miners increase their hashrate by the same percentage amount, their future revenue generation
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does not change, so the relative advantage is created when miners acquire better rigs before everyone
else.

Unsurprisingly, ASIC prices move closely with the price of bitcoin. Manufacturers tend to dynamically
price their rigs alongside moves in bitcoin prices. As seen below, the most efficient mining rigs
increased nearly 5x in price from June 2020 to May 2021, likely attributable to both the move in bitcoin
price as well as the shortage of chips due to COVID-19. Rigs are generally depreciated over three
years, though newer miners can last five years or more given the improved quality and improved
operating environments. However, the useful life of a rig is difficult to forecast and will depend on one’s
power costs, the bitcoin price, as well as the growth of the broader network hashrate.

Exhibit 5: ASIC Price Index ($ Price/TH) Categorized by Rig Efficiency (J/TH)
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Source: Hashrateindex.com, GSR

Mining Facilities

Mining is an energy intensive process that requires operators to secure hosting services with access to
a large power supply. Facilities for bitcoin mining are not too dissimilar from traditional data centers, but
there are enough distinctions that institutional Bitcoin miners tend to leverage facilities that were
optimized for mining bitcoin specifically, hence, you do not tend to see mining rigs hosted next to a
traditional server rack.

Two of the key differences between Bitcoin mining data centers and traditional data centers are:

e Resiliency & redundancy: Bitcoin miners operate in a vacuum without any broader business
dependencies. A miner losing access to electricity represents an opportunity cost of lost
bitcoin, but there are no long term adverse business implications from a temporary
shutdown. Conversely, traditional data centers provide business-critical infrastructure to a
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wide array of end-clients where any downtime may structurally impair their business or
reputation. Tailoring data centers to operate most of the time instead of all the time allows
Bitcoin mining facilities to save significantly on costs related to redundancy and fault
tolerance. This results in Bitcoin mining data centers being much cheaper to construct, as
less investment needs to be made in generators, batteries, backup cooling systems, etc.
This feature also allows Bitcoin mining facilities to save on security spend.

Energy use & cooling: ASICs use much more energy than traditional data center hardware,
so Bitcoin miners typically require higher density rack space. Additionally, Bitcoin mining
data centers are operating at peak capacity 24/7, while traditional data center capacity
fluctuates based on client demand, resulting in mining operations producing more heat than
traditional data centers. While most Bitcoin mining facilities still rely on typical air cooling
today, miners are at the forefront of implementing immersion cooling techniques to further
increase miner density and efficiency. Immersion is a more efficient cooling approach as
liquids have a higher capacity to transfer heat than air, allowing for an increased hashrate
through overclocking. Miners that are utilizing immersion today remove the fans from their
machines and place multiple rigs in a large tank of dielectric fluid — an electrically
non-conductive liquid that efficiently removes heat from electrical components. It remains to
be seen how next-gen rigs with built-in water-based cooling will impact this trend.

Exhibit 6: An Air-Cooled Bitcoin Mining Facility

Source: GSR

Infrastructure strategies vary by mining operators with some preferring to vertically integrate and own
their own infrastructure, while others prefer the simplicity and flexibility of deploying their rigs at
third-party hosting service providers. The former requires electrical expertise, operational know-how,
and a large capital investment, but this approach allows the miner to maintain full control over their fleet
of rigs and they are able to remove one layer of recurring costs. This approach also provides more
flexibility to explore cutting edge cooling techniques that may improve the performance of one’s existing
fleet by as much as 25-50%. Directly owning infrastructure and vertically integrating does come at the
cost of reduced nimbleness however. These miners tend to enter into long term power purchase
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agreements (PPAs) with the grid operator, committing to purchase a fixed amount of power for a length
of typically five or more years. Many vertically integrated miners diversify their revenues by selling
hosting infrastructure services to third-party miners, allowing them to further diversify their revenue
stream while securing their own future hosting needs. Proponents of using third-party hosting typically
note that they want to retain flexibility to relocate and/or decrease their power consumption if they
deemed prudent. Additionally, they believe it is more profitable to procure additional rigs with the money
that would have been spent on infrastructure, allowing them to take hashrate market share at a faster
pace.

Power is perhaps the most important input into mining bitcoin, as electricity costs tend to comprise
80-90% of a miner’s recurring cost of producing each marginal coin. With a cost structure that’s so
heavily dominated by the cost of electricity, the price of power is often the highest priority variable in
selecting a facility’s location. While power is a top cost for both miners and traditional data center
operators, it's the simplicity of the mining business that allows miners to be more flexible in selecting
their facility locations. Mining notably only requires transportable hardware, a modest internet
connection, and a large power source to operate. Given the first two requirements can be moved or
accessed virtually anywhere in the world, miners have the unique flexibility to construct their operations
in remote locations next to cheap energy assets which may not be palatable for traditional data centers
operators that are prioritizing redundancy and fault tolerance. This is simply a prelude on the
relationship between miners and power usage which will be explored at a much greater depth in the
final part of this series.

Beyond cheap energy assets, miners aim to operate in regions with a stable regulatory environment, a
stable electrical grid, and a strong rule of law. The impact of operating in an unstable regulatory
environment was prominently on display in 2021 as China quickly enforced a wide-sweeping ban on
Bitcoin mining which cut the Bitcoin network hashrate by more than 50%. This effectively transferred
the expected future bitcoin production of Chinese miners to other miners around the globe, creating a
goldilocks period for miners in more stable regulatory regimes. Additionally, the influx of supply, large
tax, import and export duties, as well as the lack of miner hosting infrastructure at the time made the
resale value of these rigs crater. The reasons behind China’s ban are still not entirely clear and there is
still debate on the drivers of their decision, but it prominently highlights the importance of mining in a
pro-Bitcoin regulatory environment with a strong rule of law.

Kazakhstan also highlighted the risks of operating in an environment experiencing political unrest.
Kazakhstan was one of the most prominent beneficiaries of the China mining ban, receiving a large
inflow of miners alongside the U.S. and Canada. In early 2022, Kazakhstan’s government cracked
down on anti-government protests by declaring a country-wide state of emergency and cutting off the
country’s access to the internet for nearly a week. Moreover, the country’s energy grid struggled to
meet power demand, especially during the winter, which caused the national grid operator KEGOC to
cut crypto miners in the country off from electricity supply for some time. Miners in Iran have
experienced similar issues and additionally highlight the importance of having access to a robust power
source. Iran has routinely struggled with blackouts during periods of high energy demand, leading the
country to impose temporary bans on cryptocurrency mining in an attempt to help alleviate the pressure
on their power infrastructure. Subsequent to these events, U.S. states like Texas, Georgia, and
Kentucky have been increasingly attracting miners for their pro-Bitcoin stance and stable regulatory
environment, the strong rule of law, and the relative stability of their grid infrastructure. Weather is
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another consideration as colder climates can help lower the operating costs of air-cooled facilities,
albeit this of lesser importance than the other considerations previously covered.

Exhibit 7: Electricity Prices by Country, June 2021, kWh, USD

0.40

0.30

0.20

0.10

0.00

1 E— -—

S rX8355 P8 PR TR sas e oY S B BLaPsEaEEEEs
3 @ m=nmﬁmxnoﬂﬁaﬂgﬁﬂﬁjnc‘—:;.cmm«’:ﬂlamgf T 2IBET ol 5
RE E Sz22c58gXpo f dlO0g2 " 0~ 8  OFg<Ex Wz 3s8f%x655 8
[ o o T = ol w (0] 3 @ Un:mo hxgggm ®
g § "FIf=pe 22 & go 3" E°58¢ 3
2 4 » 9 o £ g o N<

Source: GlobalPetrolPrices.com, GSR
Note: Reflects pricing for businesses.

In the next part, we’'ll take a deeper dive into the economics of mining and some of the key operators in
space.
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About GSR

GSR is a global leader in digital asset trading, market making, OTC derivatives, and
investments. We operate in a culture of excellence and leverage our first-rate reputation, deep
relationships and proprietary trading technology to move swiftly and capitalize on market
opportunities.

GSR’s experienced team brings together decades of institutional trading expertise, while our
industry-leading proprietary technology stack anchors everything we do.

Our main service areas are: market making; proprietary and algorithmic trading; client
execution; structured products; risk management solutions; and portfolio investments.

For more information or if we can help with anything, please see gsr.io or contact us at
sr@gsr.io.
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