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In this session, you will learn the following introductory concepts: 

• Brief history of mining equipment technological innovation in the space
• Bitcoin’s energy mix and electricity use
• Future trends in the Bitcoin mining space

Learning Outcomes

Research & Insights

0.25 CPD Hours  |  FPA Accredited

Note: This activity meets the guidelines for qualifying CPD, and has been accredited for continuing professional develop-
ment by the Financial Planning Association of Australia (FPA). This does not constitute FPA’s endorsement of the activity.
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ESG Series
Environmental Part 3:
State of The Network



Introduction

This is the third instalment of Monochrome Research’s E in ESG series and will discuss the state 
of the Bitcoin Mining network. Topics to be explored in this report are the current state of mining 
hardware, and industry-wide electricity and energy use, and emissions.

Technological Innovation and State of Current Mining Technology

Ever since Application-Specific Integrated Circuits (ASICs) became the dominant computing force 
behind Bitcoin Mining in late 2013, improvements in hashing power per unit of energy have improved 
at a steady, yet dramatic pace.1 Figure 1 shows the evolution of Bitcoin mining equipment efficiency, 
measured in joules or watts per gigahash (W/GH). 

1 Cambridge Centre for Alternative Finance, ‘Cambridge Bitcoin Electricity Consumption Index - Methodology (ccaf.io/cbeci/
index/methodology)’, University of Cambridge Judge Business School, n.d., accessed 5 June 2022.
2 ibid
2 Compass Mining, ‘The Antminer S19XP: What is it? (mnchr.me/3Qd4OAk)’, Compass Mining, 2021, accessed 8 Dec 2021.
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Figure 1 - Evolution of Bitcoin Mining Equipment Efficiency (2014 - 2022)2

Efficiency has improved from 0.77 W/GH in July 2014 (Bitmain Antminer S3) to 0.04 W/GH in June 
2021 (Bitmain Antminer S19j), a reduction of almost 95%. As of this writing, the currently sold Bit-
main Antminer S19 Pro has improved a further 26% to 0.0295 W/GH, with Bitmain’s next model to be 
shipped in July 2022, the S19XP, boasting an additional improvement of 27% to 0.0215 W/GH.3 This
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4 iCambridge Centre for Alternative Finance, ‘Cambridge Bitcoin Electricity Consumption Index - Methodology (mnchr.
me/3O4Lu6s)’, University of Cambridge Judge Business School, n.d., accessed 5 June 2022.
5 Coinshares, ’The Bitcoin Mining Network - Energy and Carbon Impact (mnchr.me/3aD6mTV)’, Coinshares, January 2022, 
accessed 20 May 2022.
6 Riot Blockchain, Inc., ‘Riot announces first industrial-scale immersion-cooled Bitcoin mining operation (mnchr.me/3O5yx-
cM)’, Riot Blockchain, 2021, accessed 8 Dec 2021.
7 ibid.
8 Mawson, ‘Infrastructure & Hosting (mnchr.me/3wi10q3)’, Mawson, n.d., accessed 22 February 2022.
9 Bitcoin Mining Council, ‘Q4 Bitcoin Mining Council Survey Confirms Improvements in Sustainable Power Mix and Technolog-
ical Efficiency (mnchr.me/3ImE9fs), Bitcoin Mining Council, 18 January 2022, accessed 18 March 2022.

Whilst miners, especially privately held ones, may be reluctant to disclose specific details 
about their commercial agreements or composition of their mining rig fleet for commercial rea-
sons, many miners have elected to voluntarily self-report their energy mixes. Formed in 2021, 
the Bitcoin Mining Council represents 33% of the network hashrate, and provides quarterly up-
dates on sustainable power mix.9 Based on data collected post-China migration in 2021, and 
shown in Figure 2, the membership of the Bitcoin Mining Council drew its power from 
65.9% sustainable, low-emissions sources, with an estimate that 57.7% of the entire 
network is powered by low-carbon, sustainable sources (renewables + nuclear and 
hydroelectric). In contrast, the world average energy mix is only 21.7% sustainable, The USA at 
31.4%, and the EU at 43.5%. 

consistent improvement, coupled with the profit motive, has driven exponential growth in network 
hash rate over the past 8 years. Although the ramifications of the global semiconductor shortage 
will impact procurement of new hardware in the short-to-medium term, it will not slow the pace 
of innovation.

Based on Cambridge4 and Coinshares5 estimates, the average miner on the network has an 
efficien-cy of between 0.06 J/GH and 0.07 J/GH, and could be expected to improve between 
10-15% per year as new equipment is deployed and old equipment is retired.

Those miners not fabricating their own hardware can still innovate in areas such as datacentre 
cooling and configuration. Publicly listed Bitcoin miners, such as Riot Blockchain, are now investing 
in liquid immersion cooling to increase reliability, equipment lifetime, and reduce energy needed for 
cooling.6 Importantly, immersion allows miners to reduce capital expenditure per unit of hashing due 
to the ability to dramatically overclock the mining equipment safely.7 In terms of datacentre layout 
innovation, there are also publicly listed Bitcoin mining companies, such as Mawson Infrastructure 
Group, who deploy modularised or shipping-container-based solutions, which allows them to take 
their operations anywhere on Earth, land or sea, with a reliable power source and internet connec-
tion.8 We will revisit modularity and other innovations in Part 5 of the series - Bitcoin as a Driver of 
Energy Innovation.

Electricity Mix, Emissions and Carbon Intensity 
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Fig. 2. Bitcoin Sustainable Energy Mix 2021. Sustainable sources include Renewables, Hydroelectric 
and Nuclear Energy.10

In research by the Cambridge University Centre for Alternative Finance (CCAF) in late 2020, prior to 
the Chinese ban on Bitcoin mining, it was estimated that up to 49% of Bitcoin was powered by sus-
tainable sources (10% Nuclear, 28% Hydroelectric, 11% Wind, Solar and other renewables).11 That same 
report found that 65% of Chinese miners used coal as their energy source. Therefore, a positive jump 
from 49% sustainable to 57.7% post-migration is to be expected.

In terms of emissions, the 49%-sustainable CCAF scenario resulted in 418.5 grams of greenhouse 
gases per kilowatt-hour of energy (skewed quite dramatically by coal use in China). Post-migration, in 
the 57.7%-sustainable BMC scenario, the carbon intensity dropped by almost a third to 280g CO2eq/
kWh.12 Whilst quite dramatic, the China migration meant that a huge portion of the network was no 
longer powered by high percentile emitting coal, but far cleaner natural gas and renewable sources. 

04

10 Bitcoin Mining Council, ‘Q4 Bitcoin Mining Council Survey Confirms Improvements in Sustainable Power Mix and Technolog-
ical Efficiency (mnchr.me/3ImE9fs), Bitcoin Mining Council, 18 January 2022, accessed 18 March 2022.
11 Cambridge Centre for Alternative Finance, ‘3rd Global Cryptoasset Benchmarking Study (mnchr.me/3ImQGzx)’, University of 
Cambridge Judge Business School, September 2020, accessed 20 December 2021.
12 H McCook, ‘Bitcoin’s Energy Use Compared To Other Major Industries (mnchr.me/3JlbtVu)’, Bitcoin Magazine, 10 August 2021, 
accessed 10 May 2022.

Once a few fundamental variables are identified and understood, calculating electricity use is trivial 
to determine. Electricity use is simply the product of the network hash rate (measured in hashes per 
second) and the average network efficiency (measured in watts per hash) resulting in an electricity 
draw, measured in watts, or more appropriately for Bitcoin, Gigawatts. As of May 21, 2022, The 14-day 
average hash rate was 218 x 19^18 hashes per second (or 218 EH/s) multiplied by an assumed rig 
efficiency of 0.07 W/GH results in a draw of 15.3 GW of electricity. To find equivalent yearly elec-

Electricity and Energy use
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-tricity consumption, the draw (15.3GW) is multiplied by 365 days multiplied by 24 hours, which re-
sults in 133.8 TWh consumed per year. It should be noted that since hash rate is highly variable, 
point-in-time power draw is a far more relevant and descriptive metric than a yearly extrapolation. 

In global terms, this is roughly equivalent to 0.5% of the world’s electricity demand.13

It is important to note that electricity use and energy use are two distinct metrics. All electricity 
starts off as primary energy (i.e. sunlight, wind, coal, oil, etc.). This will be discussed in further detail 
in Part 4 of this series but In short, Bitcoin’s electricity mix converts roughly 54% of primary energy 
into electricity. This makes Bitcoin’s 133.8 TWh/year electricity consumption equivalent to 252.5 
TWh/year of primary energy, or roughly equivalent to 0.08% of the World’s energy consumption.14

13 H Ritchie & M Roser, ‘Electricity mix (mnchr.me/3KZus8x)’, Our World in Data, n.d., accessed 22 February 2022.
14 H Ritchie & M Roser, ‘Energy production and consumption (mnchr.me/3O2hisF)’, Our World in Data, n.d., accessed 20 May 
2022.
15 HP Alcorn, ‘Intel’s Second-Gen Bitcoin Miner’s Performance and Pricing Listed, Leads the Market (mnchr.me/3mu4QpU)’ 
Tom’s Hardware, 26 February 2022, accessed 20 Mar 2022
16 Henderson, B.: The Rule of Three and Four, s.l.: Boston Consulting Group (1976).
17 Sheth, J., Sisodia, R.: Competitive Markets and the Rule of Three, London, Ontario, Canada: Ivey School of Business (2002).
18 Pareto, V.: Manual of Political Economy, Oxford: Oxford University Press (2014).
19 N DiCamillo, ‘Bitcoin Mining Firm Compass Inks Deal With Nuclear Microreactor Company Oklo (mnchr.me/3CVgYrl)’, Coin-
desk, 15 July 2021, accessed 5 January 2022.
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Whilst it is impossible to foretell the future, knowing that the nature of competition in Bitcoin 
mining is near-perfect, and becoming increasingly perfect with time, logical conclusions can be 
made. Effectively, Bitcoin miners mine bitcoin when the cost to mine is cheaper than market price, 
or when mining is the only means available to acquire bitcoin. When the gap between cost and 
price is large, fierce competition and innovation closes the gap. When cost and price are simi-
lar, as in extended bear markets, only the most efficient miners survive to see better days. One 
thing is for certain, as Bitcoin’s price climbs, more energy will be spent in the pursuit of its ac-
quisition. For example, if a speculative bubble sent the bitcoin price to $1 million, with a cost 
to mine of, say, only $50,000 (i.e. $950,000 profit per mined bitcoin), competition for securing 
scarce hardware to mine may be so fierce and drive prices so high, that traditional firms like In-
tel may opt to profit by providing hardware to Bitcoin miners to capture the high premium. In-
deed, as of April 2022, Intel is now a player in the ASICs manufacturing game, partnering up with 
soon to be publicly-listed miner GRIID, who will purchase 25% of Intel’s manufacturing output.15

In line with the principles of perfect competition discussed in Part 2 of this series, we should 
expect strong competition, and importantly, horizontal and vertical integration to the point 
where there are three to four players dominating 80% of the Bitcoin mining space.16, 17, 18 A ful-
ly integrated Bitcoin mining company would provide their own power and hosting sites, as 
well as design, fabricate, mine with, and sell their own mining hardware. With 20-year long 
agreements currently being formed between large US-based miners and utilities,19 tight-
er integration is the natural next step. Finally, in addition to the handful of public miners to-
day, many more miners will likely go public in order to scale and gain access to capital markets.

Future Trends & Expectations
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Carbon Intensity and Emissions 

The International Energy Agency (IEA) has a Sustainable Design Scenario (SDS) which sets out energy 
and emissions goals from 2020 to 2050.20 The United Nations also has 17 Sustainable Development 
Goals (SDGs) calling for dramatic decarbonisation of world grids. As Bitcoin generally relies upon 
“the grid”, general decarbonisation efforts will positively improve Bitcoin’s carbon intensity profile. 
However, due to the economic incentives on offer for mining with wasted and stranded energy and 
acting as a controllable load to increase profitability for utility providers, Bitcoin should improve at a 
far faster pace than the world grid.

Energy Use

As long as a gap exists between mining cost and bitcoin price, more energy will be dedicated to 
mining bitcoin. Theoretically, there is no bound to how much energy the Bitcoin network could use. 
Practically however, there are only so many application-specific Bitcoin mining chips that can be 
manufactured. Depending on the price of bitcoin and the amount of profit on offer, a distant future 
where power plants are built by investors for the single purpose of mining bitcoin could be imagined.

Technological Innovation and Constraints 

Although physical production can be hampered by chip shortages and supply chain difficulties, it 
is difficult to hamper the human mind and entrepreneurial spirit. Thus, even though chips aren’t 
currently being shipped as frequently, or in as large a quantity, improvement and innovation is not 
slowing down. The main quantifier of innovation is chip transistor density, denominated in nanome-
ters (nm) - the smaller the process size or “architecture”, the higher the transistor density, and thus, 
the efficiency.  The Antminer S9, released in 2018 had 16 nanometer (nm) architecture, the S17 and 
S19 in 2017 and 2019, respectively, had 7nm architecture, and the upcoming S19XP will be 5nm.21 The 
world’s largest semiconductor company, TSMC, will be releasing 3nm and 2nm processes in 2023 
and 2025 respectively.22 It can be expected that the efficiency gains of 25-30% between architecture 
generations will continue for the remainder of the decade, with commodification of mining equip-
ment to happen near decade’s end.

20 IEA, ‘The Sustainable Development Scenario (mnchr.me/3mCCR7n)’, IEA, 4 December 2019, accessed 10 Feburary 2022.
21 Compass Mining, ‘The Antminer S19XP: What is it? (mnchr.me/3Qd4OAk)’, Compass Mining, 2021, accessed 8 Dec 2021.
22 A Shilov, ‘TSMC Roadmap Update: 3nm in Q1 2023, 3nm Enhanced in 2024, 2nm in 2025 (mnchr.me/3xC9aJ5)’, Anandtech, 
18 October 2021, accessed Feburary 2022.
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CPD Quiz  |  0.25 CPD Hours

1. Based on Cambridge and Coinshares estimates, what is the average efficiency of a 
miner on the Bitcoin network?

 a) 0.04 W/GH
 b) Between 0.06 W/GH and 0.07 W/GH
 c) 0.0215 W/GH
 d) 0.77 W/GH

2. Bitcoin’s network consumes 133.8 TWh of electricity per year. What variables drive 
this figure?

 a) The price of Bitcoin mining rigs ($) and the number of Bitcoin mining rigs
 b) Household energy consumption (kWh) and the retail electricity price ($/kWh)
 c) The 14-day average hash rate (H/s) and the rig efficiency (W/GH)
 d) All of the above

3. Given the perfectly competitive nature of the Bitcoin mining market, in what two 
circumstances do Bitcoin miners mine Bitcoin?

 a) When the cost to mine Bitcoin is cheaper than the market price of Bitcoin, or 
     when mining is the only means available to obtain Bitcoin
 b) When the market price of Bitcoin is cheaper than the cost to mine Bitcoin, or 
     when there are multiple means available to mine Bitcoin
 c) When the market price of Bitcoin is cheaper than the cost to mine Bitcoin, or 
     when mining is the only means available to mine Bitcoin
 d) None of the above

4. Which of the following statements about Bitcoin’s emissions are true?

 a) Bitcoin became powered by cleaner natural gas and renewable sources after the 
     Chinese ban and migration
 b) Bitcoin became powered by dirtier natural gas and renewable sources after the 
     China migration
 c) Bitcoin’s carbon intensity increased after the China migration
 d) Bitcoin’s carbon intensity remained constant after the China migration

Complete the quiz online at monochrome.co/research for Continuing Professional
Development (CPD) hours.

Access to all 
research articles.

Access to all 
CPD quizzes.

Access to specialists 
for questions.



Monochrome Asset Management

Email.  info@monochrome.co Tel.  +61 7 3608 5599

Monochrome Asset Management offers digital asset exposure for wholesale clients via a secure, regulated, and familiar 
investment vehicle.

Monochrome Research provides investment-grade insights, education and expertly-led research to assist investors in nav-
igating the digital asset industry.
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The content, presentations and discussion topics covered in this material are intended for licensed financial advisers and 
institutional clients only and are not intended for use by retail clients. No representation, warranty or undertaking is given 
or made in relation to the accuracy or completeness of the information presented. Except for any liability which cannot be 
excluded, Monochrome, its directors, officers, employees and agents disclaim all liability for any error or inaccuracy in this 
material or any loss or damage suffered by any person as a consequence of relying upon it. Monochrome advises that the 
views expressed in this material are not necessarily those of Monochrome or of any organisation Monochrome is associated 
with. Monochrome does not purport to provide legal or other expert advice in this material and if any such advice is required, 
you should obtain the services of a suitably qualified professional. 

Disclaimer
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