
In this piece, you will learn the following introductory concepts:
• Bitcoin mining fundamentals and drivers of energy use
• The current state of Bitcoin’s energy use and emissions
• The differences between energy, electricity, and emissions
• How Bitcoin is currently supporting renewable-based power grids, and
• How Bitcoin is currently driving energy innovation
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Introduction

In this five-part series on Bitcoin and the environment, we aim to deliver a thorough overview and 
context of Bitcoin’s energy use and environmental impact. First, one must understand what drives 
Bitcoin’s energy use. From there we provide an overview of the current state of the Bitcoin Network 
from an energy consumption point of view, alongside important industry trends and metrics. Bitcoin 
is frequently subject to interrogation, sometimes questioning its energy use, other times its elec-
tricity use, and other times its emissions. By the end of this series, the reader will be able to differ-
entiate between electricity, energy and emissions with aplomb, as well as obtain a comprehensive 
understanding of global data on all of the above and where Bitcoin fits in. Finally, we close with how 
Bitcoin currently has, and will continue to have, unbounded further potential to be a driver of energy 
innovation by being a buyer of first- and last- resort for energy utilities and providers.
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Drivers of Bitcoin’s Energy Use

Bitcoin’s energy usage stems from the use of the “Proof-of-Work” consensus mechanism to ensure 
that the blockchain remains secure, true and transparent. This requires “miners” to expend compu-
tational energy, powered by electricity, to win the right to add the next block of transactions to the 
Bitcoin Blockchain, and thus reap the economic rewards associated with that process.

Energy is invested into Bitcoin because of the economic incentive to do so. Rational reasoning tells 
us that if the price of bitcoin is higher than the costs associated with mining, then miners will enter 
the market until that gap goes to zero, and vice versa - effectively causing energy price arbitrage by 
using highly commoditised, application-specific hardware. These inherent incentives can be broken 
down into endogenous (incentives inherent within Bitcoin) and exogenous (external) incentives.

The endogenous incentives come from the “block reward.” The block reward consists of a block sub-
sidy, and all transaction fees associated with mining that block. The block subsidy is how Bitcoin will 
initially bootstrap itself and issue all 21 million units of bitcoin between now and the year ~2136. The 
subsidy began at 50 bitcoins per block and halves roughly every four years, with the current subsidy 
being 6.25 bitcoins per block.
 
Once miners are operating, this application specific infrastructure further incentivises them to keep 
mining and ensures the prosperity of Bitcoin, otherwise the vast amounts of capital spent on min-
ing equipment would be rendered redundant. As Bitcoin continues to prosper, more parties will be 
incentivised to capture profit, increasing competition. Thus, miners are exogenously incentivised to 
continue innovating in their operations and increasing their total computing power, or “Hashrate”, 
if they want to remain in business. This circularity of incentives makes them self-reinforcing and 
robust.

Bitcoin mining is a near-perfectly competitive market, and  perfect competition, and its implications 
on market dynamics, will be fleshed out in further detail in Part 2 of this series.
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State of the Network

Every type of electricity generation differs in terms of carbon intensity.7 Numbers from The Interna-
tional Panel on Climate Change reveal that fossil fuels such as oil, coal and natural gas emit higher 
concentrations of greenhouse gases per kilowatt hour (kWh) than sustainable energy sources, as 
depicted in the table below.8 Solar, wind, geothermal, ocean, bio- and hydro-power are considered 
to be “renewables”, whereas “sustainable” also includes nuclear power. Interestingly however, best 
in class Carbon Capture and Storage (CCS) fossil fuel plants are comparable to 75th-percentile and 
worst-in-class renewables.

As discussed above, Bitcoin mining infrastructure is application specific and purpose built. The min-
ing hardware used is called an Application-Specific Integrated Circuit (ASIC) miner. ASIC miners are 
superior to Central Processing Units (CPUs) and Graphics Processing Units (GPUs) found in typical 
home and business computers, as they are designed to undertake a specific function extremely 
efficiently.1 As at time of writing, the current top-of-the-line ASIC miner, the Bitmain Antminer S19j 
Pro, can achieve a hashrate of 104 terahashes per second (TH/s), at an efficiency of 30W/TH, and a 
price of US$10,000.2 This is almost a million times more power, yet only four times the price, than 
the 124 megahashes per second (MH/s) performed by the US$2,500 Nvidia GeForce 3090,3 today’s 
most powerful consumer GPU offering. Data from Cambridge4 and Coinshares5 suggest an average 
network efficiency of 70W/TH, possibly as low as 59W/TH.

Based on data as at 21/05/2022, Bitcoin had a 14-day average network hashrate of 218.2 exahashes 
per second (EH/s), multiplied by the average network efficiency of 70W/TH, results in an estimat-
ed draw of 15.3 GW of power, or 133.8 terawatt-hours (TWh) of electricity per year. Based on 
best-estimates of Bitcoin’s energy mix, this results in the emission of 37.5 megatons (MT) of green-
house gas emissions per year, or 0.08% of the world’s 49,360 MT of emissions.6 This electricity use 
equates to 252.5 TWh of primary energy consumed per year. The calculation methodology behind 
the above figures is laid out in far greater detail later in Part III of the series.

1 C Tardi, ‘ASIC Miner (mnchr.me/3tjuemo)’, Investopedia, accessed 11 February 2022.
2 Bitmain, ‘ANTMINER S19j Pro (mnchr.me/3CZ2XJh)’, Bitmain, accessed 11 February 2022.
3 Kryptex, ‘Nvidia RTX 3090 (mnchr.me/3KSOJML)’, Kryptex, accessed 11 February 2022.
4 Cambridge Centre for Alternative Finance, ‘Methodology (/ccaf.io/cbeci/index/methodology)’, University of Cambridge, ac-
cessed 20 May 2022.
5 Coinshares,’The Bitcoin Mining Network - Energy and Carbon Impact (coinshares.com/research/bitcoin-mining-net-
work-2022)’, Coinshares, accessed 20 May 2022.
6 Bitcoin Mining Council, ‘Q4 Bitcoin Mining Council Survey Confirms Improvements in Sustainable Power Mix and Technolog-
ical Efficiency (mnchr.me/3ImE9fs), Bitcoin Mining Council, accessed 18 March 2022.
7 International Panel on Climate Change, p. 982, ‘Special Report on Renewable Energy Sources and Climate Change Mitigation 
(mnchr.me/3uaF7WU)’, World Bank, 1 January 2012, accessed 20 December 2021.
3 ibid.
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Energy and Emissions
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Figure 1 - IPCC Data on Carbon Intensity of Various Generation Types
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China passed laws in 2021 to ‘root out “illegal” cryptocurrency activity.’9 This caused a miner “mi-
gration” from China to other countries.10 As a result, a larger proportion of Bitcoin’s energy mix has 
become sustainable post-migration, as most Chinese miners included worst-in-class coal as a large 
percentage of their energy mix. It is currently estimated that 58.8% of energy used by miners now 
comes from sustainable sources, compared to 49% pre-migration.11,12

Conversely, the US and Chinese electricity grids use 31.4% and 16.4% of sustainable energy sources 
respectively.13 This shows the Bitcoin network’s growing sustainability over time and its sustainability 
relative to world grids.

While the terms greenhouse gases (GHG) and carbon dioxide (CO2) are often used to refer to the 
same concept in conversation, not all GHGs are CO2.

14 A particularly more dangerous GHG than CO2 

is methane; over a 20 year period, methane is 56 times more warming than CO2.
15 In 2020 alone, 8 

megatonnes (Mt) of methane was flared by Oil and Gas producers.16

Bitcoin is starting to offset this negative externality by incentivising oil companies to monetise their 
methane by partnering with Bitcoin Miners. This process, already in use by oil and gas giants Exx-
onMobil and ConocoPhillips17, results in a greenhouse gas emissions reduction of 63% compared to 
to flaring alone.18

9 A John & S Shen, “China’s top regulators ban crypto trading and mining, sending bitcoin tumbling (mnchr.me/3qhlL18)”, Re-
uters, 25 September 2021, accessed 5 January 2022.
10 J Coroneo-Seaman, “Great mining migration’: Power-hungry Bitcoin leaves China (mnchr.me/3wgDk5n)’)’, China Dialogue, 17 
November 2021, accessed 20 December 2021.
11 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.
12 Cambridge Centre for Alternative Finance, ‘Methodology (/ccaf.io/cbeci/index/methodology)’, University of Cambridge, ac-
cessed 20 May 2022.
13 Bitcoin Mining Council, op. cit.
14 United States Environmental Protection Agency (EPA), ‘Overview of Greenhouse Gases (mnchr.me/3u6tjFg)’, United States 
EPA, n.d., accessed 20 December 2021. (mnchr.me/3uaF7WU)’, World Bank, 1 January 2012, accessed 20 December 2021.
15 United Nations Framework Convention on Climate Change (UNFCCC), ‘Global Warming Potentials (IPCC Second Assessment 
Report (mnchr.me/3th18nQ)’, UNFCCC, n.d., accessed 20 December 2021.
16 IEA, ‘Flaring Emissions (mnchr.me/361tE49)’, IEA, n.d., accessed 20 December 2021.
17 M Sigalos, ‘Exxon is mining bitcoin in North Dakota as part of its plan to slash emissions (mnchr.me/3MJjlld)’ , CNBC, 26 
March  2002, accessed 15 May 2022.
18 Crusoe Energy, ‘Understanding The Problem Crusoe Solves (mnchr.me/3N15yag)’, Crusoe Energy Blog, 23 September 2021, 
accessed 17 February 2022.
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19 U.S. Energy Information Administration (EIA), ‘What is energy? (mnchr.me/3u0mMvy)’, U.S. EIA, n.d., accessed 5 January 2021.
20 H Ritchie & M Roser, ‘Energy mix (mnchr.me/3qhUSud)’, Our World in Data, n.d., accessed 20 December 2021.
21 H Ritchie & M Roser, ‘Electricity mix (mnchr.me/3KZus8x)’, Our World in Data, n.d., accessed 22 February 2022.
22 H McCook, ‘Bitcoin’s energy use compared to other industries (mnchr.me/3JlbtVu)’, Bitcoin Magazine, 10 August 2021, ac-
cessed 12 January 2022.
23 H Ritchie & M Roser, ‘Energy mix (mnchr.me/3qhUSud)’, Our World in Data, n.d., accessed 20 December 2021.
24 H Ritchie & M Roser, ‘Electricity mix (mnchr.me/3KZus8x)’, op. cit.
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Whilst the words energy and electricity are often used interchangeably in conversation, they are 
quite distinct. Electricity is a form of energy, similar to sound and heat.19 In fact, of the 173,340 TWh20 
of primary energy produced on Earth in 2019, only 26,290 TWh was electrical21, or roughly ~15%. All 
electricity is generated using a primary energy source, be it oil, sunlight or wind, with the conversion 
output differing substantially across different generation methods.

Energy and Electricity
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Deriving a figure for Bitcoin’s primary energy consumption requires conversion factors for the types 
of primary energy sources Bitcoin uses. Based on the energy sources present in Bitcoin’s sustainable 
energy mix and their respective proportions and conversion ratios, the Bitcoin network has an esti-
mated energy to electricity conversion ratio of 54% (electricity conversion is covered in greater depth 
in Part 4 of the series).22 This implies that 252.5 TWh of primary energy is needed to produce the 
133.8 TWh of electrical energy used by Bitcoin annually. This represents approximately 0.08% of 
the world’s annual primary energy production of 173,340 TWh,23 and roughly 0.5% of the world’s an-
nual electricity generation of 26,290 TWh.24

Bitcoin can only be created through mining, which necessitates the need for energy. While this is 
currently primarily done through the medium of grid-based electricity, in theory Bitcoin can be 
mined using any form of energy, such as flared methane (as discussed earlier) or otherwise stranded 
energy. 
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25 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.
26 Mawson, ‘About us (mnchr.me/3tlLQhN)’, Mawson, n.d., accessed 22 February 2022.
27 Mawson, ‘Infrastructure & Hosting (mnchr.me/3wi10q3)’, Mawson, n.d., accessed 22 February 2022.
28 Potomac Economics, ‘2020 State of the Market Report for the ERCOT Electricity Markets (mnchr.me/3IkVJjU)’, Potomac 
Economics, May 2021, accessed 5 January 2022.
29 Lancium, ‘Homepage (lancium.com)’, Lancium, n.d., accessed 20 December 2021.
30 M Sigalos, ‘Bitcoin miners are helping the Texas grid brace for winter storm impact (mnchr.me/34PBgG6)’, CNBC, 3 February 
2022, accessed 17 February 2022.
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Bitcoin as a Driver of Energy Innovation

Bitcoin miners are willing to do whatever it takes to get the cheapest energy possible. This has in-
creasingly meant that Bitcoin miners have acted as buyers-of-last resort for stranded and wasted 
energy, as well as buyers-of-first resort by taking risks on energy sources that are still proving out. 
For example, companies such as Compass Mining have signed deals with nuclear fission companies 
to be supplied with cheap nuclear energy to be used for mining purposes.25

Other problems encountered by current grids are curtailed energy, which is produced but unsold 
energy; stranded energy, which is isolated energy; and unpredictable production in renewable grids. 
To address this, Bitcoin miners, some of whom are publicly listed companies,26,27 locate mobile data 
centres, primarily shipping containers filled with mining rigs, and plumb the flared methane directly 
into a generator to power the data centre. This has the effect of reducing the environmental impact 
of flared methane, as well as turning wasted energy into a source of profit. 

A potential solution to variable production is by introducing an adjustable load, which is a service 
Bitcoin miners can provide to a grid operator, commonly referred to as a “controlled load resource” 
(CLR). This is particularly important with regards to normalising renewable sources of energy whose 
energy supplies fluctuate throughout the day, such as solar and wind energy. In Texas, 100MW of 
mining power is being used as a controllable load resource in the ERCOT (Electricity Reliability Coun-
cil of Texas) grid, allowing Bitcoin miners to level the demand of energy automatically.28,29 The value 
that miners provide to an electricity grid by acting as a CLR was witnessed in February 2022 where 
Bitcoin miners curtailed their energy consumption at the Texas ERCOT grid, and helped provide ex-
cess power reserves in response to a winter storm, which could have otherwise left many Texans 
without power.30
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Conclusion

After merely scratching the surface in the introduction to this series, Bitcoin’s environmental impact 
can be seen in a new light when put into appropriate context. Many may have been surprised to 
learn that on a “carbon per unit of energy” basis, there is no major country or industry in the world 
cleaner than Bitcoin. Further, it was shown that mining can feed on wasted energy,  drive compe-
tition and innovation in energy markets and add stability to highly renewable grids. Finally, it was 
shown that Bitcoin will only get cleaner and more efficient over time, thanks to its robust built-in 
incentives system. Bitcoin doesn’t waste energy; It saves it. 

The following four parts of this series will discuss each of the major topics discussed above in long 
form, and provide detailed calculation methodologies where relevant.

Part II - Drivers of Bitcoin Energy Use
Part III - State of the Network
Part IV - Electricity, Energy and Emissions
Part V - Bitcoin as a Driver of Energy Innovation
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CPD Quiz  |  0.25 CPD Hours

1. Which of the following statements about Bitcoin’s built-in, or endogenous, incen-
tives is true?

 a) Bitcoin produces a block reward for miners roughly every 10 minutes
 b) Miners have invested a lot of capital into application-specific equipment
 c) The nature of competition in Bitcoin mining is near-perfect
 d) None of the above

2. Which of the following statements about energy, electricity, and emissions is true?

 a) Electricity accounts for more than half of the world’s energy production
 b) Emissions always increase with increased energy production
 c) Electricity accounts for roughly 15% of the world’s energy production
 d) All of the above

3. Which of the following statements about greenhouse gases and carbon dioxide is 
true?

 a) Carbon dioxide only accounts for roughly 75% of all greenhouse gases
 b) Methane accounts for a large proportion of non-CO2 greenhouse gas emissions
 c) Bitcoin miners are helping reduce global methane emissions by partnering with 
     traditional oil and gas companies
 d) All of the above

4. Which of the following statements about BItcoin’s energy use, electricity use and 
emissions, as at May 2022, are true?

 a) Bitcoin uses 252.5 TWh of primary energy each year
 b) Bitcoin consumes 1% of the world’s energy production
 c) Bitcoin emits roughly 37.5 MT of greenhouses gases per year, roughly 0.08% of the 
     World’s emissions
 d) A and C

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 
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