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RFI Response: Climate Implications of 
Digital Assets 
 
The Bitcoin Policy Institute is a non-partisan, non-profit research center working to study the policy and 
societal implications of bitcoin. We are pleased to submit the following document in response to the Request 
for Information on the Energy and Climate Implications of Digital Assets posted by the Office of Science and 
Technology Policy. (Document Number: 2022-06284.) The RFI expresses concern about the explosive growth 
of digital assets and their associated energy use and related emissions, given President Biden’s commitment to 
cut greenhouse gas pollution by 50-52% by 2030 and achieve net-zero emissions by 2050. The RFI “seeks public 
input to better understand the climate impacts of digital assets” and lists a number of topics for commentators 
to address.  
 

We welcome the opportunity to share our research and our perspective. Our comments address the following 
listed topics, and with respect to bitcoin only: protocols, hardware, resources, economics, past or ongoing 
mitigation attempts, and potential energy or climate benefits. We believe bitcoin, particularly on issues of energy 
and the environment, is poorly understood. Far from an obstacle to decarbonization, bitcoin could be 
instrumental in helping us accelerate renewable energy production and stabilize our new, greener grid.  
 

In particular, we argue the following: 
 

• Bitcoin’s value—its economic value and promotion of American values and American national 
interests—must frame any discussion of its environmental impact. 

• Bitcoin’s value is inherently tied to its consensus mechanism: proof of work. 
• While bitcoin mining is energy-intensive, its energy use is often overestimated and improperly 

characterized as a function of transaction volume. 
• Due to bitcoin’s exponentially decreasing schedule of issuance, mining’s actual emissions are likely to 

peak at under 1% of global emissions, even if prices rise more than tenfold within the decade. 
• Mining’s profile as a consumer of energy is unique: extremely cost-sensitive, and invariant across times 

and locations. 
• Bitcoin mining, as a buyer of first and last resort, incentivizes the buildout of renewable power 

production. As a controllable load resource (CLR) bitcoin mining also strengthens the grid, allowing it 
to reliably function at a high level of renewable penetration. 

• Mining’s energy use is increasingly non-rival, trending towards a diet of renewables and stranded, 
wasted energy resources such as flared methane. 

  

  

https://www.btcpolicy.org/
https://www.federalregister.gov/documents/2022/03/25/2022-06284/request-for-information-on-the-energy-and-climate-implications-of-digital-assets
http://www.btcpolicy.org/
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Introduction 
A complex technology like bitcoin raises a series of questions for policy makers, all of which must be considered 
before reaching an overall judgment, and certainly before taking action. In this report, we focus on a subset of 
these questions: the nature and importance of bitcoin’s value, the role of proof of work in creating that value, 
and on bitcoin’s unique profile as a consumer of energy, which dictate its likely future trajectory. Our 
conclusion is cautiously optimistic: bitcoin could prove instrumental in accelerating renewable energy production, 
stabilizing our new, greener grid, and curbing methane emissions. 
 

What is Bitcoin’s Value? 

 

Price on the open market provides the most straightforward measure of bitcoin’s worth. Bitcoin’s market 
capitalization—price multiplied by total supply—is currently over $600 billion, lying between that of Berkshire 
Hathaway and Facebook (Meta). Market value cannot be ignored when weighing environmental impacts, in 
part because every industrial activity carries environmental costs, and in part because this same capital would 
find its way into other areas of the economy with their own impacts. The relevant question is not whether 
bitcoin has any negative environmental impacts, but rather, how bitcoin’s environmental profile stacks up 
against its value, and how it compares to other investments.  
 

In fact, researchers have found that “Bitcoin’s carbon emissions are low compared to its market value, implying 
that Bitcoin is characterized by a lower carbon intensity than the average asset in the [typical equities] 
portfolio.” Bitcoin mostly stores value, with a relatively small, but energy-intensive security budget. By contrast, 
airlines, energy companies, fast fashion companies, and cement producers put much of their value into carbon-
producing activities. 
 

But there are more ways of thinking about value than the point where supply meets demand. As a society, we 
champion inclusion, equality, transparency, property rights, and freedom. Bitcoin, in its own way, embodies 
and extends each of these: 
 

• The bitcoin protocol is free, open-source software. Every line is inspectable by anyone.  
• The bitcoin ledger is public and fully audited by tens of thousands of nodes worldwide.  
• The bitcoin network is permissionless and censorship-resistant: it refuses no one and obliges any 

parties’ wishes to transact.  
• The bitcoin asset is issued not to insiders, but via regular mathematical contests open to all. 
• The bitcoin network’s rules are predictable and non-discretionary. 
• The bitcoin public key infrastructure provides digital property rights via the ability to self-custody and 

transfer value. 
 

In practice, bitcoin allows anyone in the world with a cell phone and an internet connection—including some 
1.7 billion who are unbanked—to easily save in a digital asset with a fixed supply and to exchange value without 

https://www.btcpolicy.org/experts/paez
https://www.btcpolicy.org/experts/cross
https://companiesmarketcap.com/
https://companiesmarketcap.com/
https://doi.org/10.1016/j.frl.2021.102575
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a centralized counterparty or censor. Bitcoin is currently held by over 100 million users, disproportionately 
residing in countries with high inflation, weak respect for property rights, and poor governance on a per-capita 
basis.  
 
Domestically, bitcoin and cryptocurrencies are more prevalent among communities that have been historically 
marginalized by the existing financial system: some 23% of Black Americans along with 16% of Hispanic 
Americans own cryptocurrencies, as compared to only 11% of white Americans. Bitcoin’s inherent inclusivity, 
robust property rights, and transactional freedom are reflected in its pattern of adoption. 
 
Beyond these societal ideals, bitcoin is also in the national interest. U.S. national security rests in part on 
domestic technology innovation and appreciation in our equity markets, where bitcoin gives us a clear 
advantage. China’s June 2021 ban on bitcoin mining shifted the global distribution of “hashrate,” a 
measurement of the computational effort put towards collecting and securing transactions. Though specific 
estimates are tricky, the United States now has a plurality of global hashpower. China views bitcoin as a threat to 
its authoritarian system and strict capital controls, accelerating rollout of its Digital Currency Electronic 
Payment (DCEP) instead. At the same time, China has slowed purchases of U.S. Treasury securities, 
redeploying their dollar reserves into western real estate and equity markets, giving them financial power to exert 
political influence over US corporations.  
 
Bitcoin severely complicates China’s CBDC ambitions, presenting an attractive store of wealth and effective 
cross-border payment system to those BRI nations that China seeks to entangle with the e-RMB. Meanwhile, 
global demand for bitcoin and dollar-pegged stablecoins has exploded, especially by citizens of emerging 
markets facing currency distress. As the industry becomes increasingly regulated and transparent, the 
combination of bitcoin and stablecoins can serve as an effective tool to support the dominance of the dollar at 
the digital front line competing against China’s eRMB. The growth of these stablecoins promises to bolster 
demand for U.S. Treasuries, helping the Federal Reserve keep interest rates low in the face of inflation. In this 
way, bitcoin can serve a neutral reserve asset that helps reinforce, not undermine, the dollar system.  
 
Why Proof of Work? 

 
We have argued that any examination of bitcoin’s environmental impact must begin with an understanding of 
its value. But critics argue that it would retain the same value even if it were somehow to abandon its energy-
intensive consensus mechanism known as “proof of work.” We disagree. Bitcoin’s value is inextricably tied to 
proof of work. While some consensus mechanisms for distributed ledgers are less energy-intensive, they come 
with critical tradeoffs in fairness and security.  
 
In Proof of Work, the right to publish a new block is awarded by lottery and you can increase your chances of 
having a winning “ticket” by using more energy to find one. Proof of Stake systems award this right to 
individuals in proportion to how much of the native asset they have already “staked”. The more you stake, the 
more of the native asset you earn for staking. Wealth compounds, as does the power to control which 
transactions appear in the ledger. So whereas the amount of bitcoin one owns provides no direct influence over 
the network, Proof of Stake systems afford wealthier holders greater control. That compromises bitcoin’s values 
of equality and inclusion. 
 

https://nydig.com/bitcoin-net-zero
https://nydig.com/bitcoin-net-zero
https://www.usatoday.com/story/money/2021/08/13/crypto-seen-path-equity-black-latino-and-lgbtq-investors/5431122001/
https://www.usatoday.com/story/money/2021/08/13/crypto-seen-path-equity-black-latino-and-lgbtq-investors/5431122001/
https://www.washingtonpost.com/world/2021/10/14/us-leads-china-bitcoin-mining-largest/
https://www.pymnts.com/cbdc/2022/chinese-payments-giant-wechat-to-accept-digital-yuan/?utm_source=newsletter&utm_medium=email&utm_campaign=chinese_payments_giant_wechat_to_accept_digital_yuan_mobile_wallets_top_stories&utm_term=2022-01-06
https://www.atlanticcouncil.org/blogs/new-atlanticist/chinas-digital-currency-electronic-payment-project-reveals-the-good-and-the-bad-of-central-bank-digital-currencies/
https://www.atlanticcouncil.org/blogs/new-atlanticist/chinas-digital-currency-electronic-payment-project-reveals-the-good-and-the-bad-of-central-bank-digital-currencies/
https://www.forbes.com/sites/masonbissada/2021/10/21/new-nba-china-controversy-tencent-drops-celtics-games-after-kanter-calls-jinping-brutal-dictator/?sh=38a8e2312ad0
https://www.axios.com/marriott-uyghur-conference-d6deb429-9b5e-4759-ba10-98d59e81be12.html
https://coinmarketcap.com/view/stablecoin/
https://www.wsj.com/articles/turks-pile-into-bitcoin-and-tether-to-escape-plunging-lira-11641982077
https://home.treasury.gov/system/files/136/StableCoinReport_Nov1_508.pdf
https://www.centre.io/hubfs/pdfs/attestation/2021%20Circle%20Examination%20Report%20November%202021%20Final.pdf?hsLang=en
https://www.greenpeace.org/usa/news/change-the-code-not-the-climate-greenpeace-usa-ewg-others-launch-campaign-to-push-bitcoin-to-reduce-climate-pollution/
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Proof of work is also, arguably, more secure. To disrupt bitcoin, a malicious actor would have to control a 
substantial proportion of the network’s total computational power. And even if most miners went offline, the 
network would continue to run. By comparison, a typical Proof of Stake network stops if more than 33% of 
validators go offline. This makes PoS systems more vulnerable to both attacks and internet disruptions. For 
example, when China banned bitcoin mining, the network kept running despite losing more than half of its 
computational power. But some of the biggest Proof of Stake networks have already suffered extended outages, 
like Polygon (March 2022) and Solana (six outages in January 2022 alone). 
 

What are the negative environmental effects of bitcoin mining? 
 
Bitcoin mining uses energy, some of which comes from fossil-fuel-burning power plants. Emissions from those 
plants, including greenhouse gasses and other air pollutants, are a negative externality associated with bitcoin, 
just as they are associated with every user of electricity. Additionally, the specialized machines used for mining 
create their own environmental impact as e-waste if they are not properly recycled. 
 
Some of these environmental effects due to bitcoin mining are undeniable. In the wake of China banning 
bitcoin mining, many miners moved to Kazakhstan where they used cheap electricity generated from burning 
coal. (Kazahkstan has since intervened to prevent disruption of their power markets.) A nearly-shuttered coal 
plant in Hardin, Montana ramped up production to meet the demands of a bitcoin miner. (Recently, that 
miner announced they would exit the plant by year’s end.) Similar stories are to be found in Kentucky where 
state-subsidized coal plants are now mining bitcoin. 
 
Such anecdotes pair with viral media stories to create vivid images of world-ending destruction. One such story 
alleges that bitcoin uses two months’ worth of household electrical power per transaction. Another claims that a 
single bitcoin transaction creates two iPhones worth of e-waste. An often-cited 2018 study suggests that bitcoin 
alone, apart from all other human activities, threatens to raise global temperatures by over two degrees within 
three decades. Though it has been thoroughly debunked within the academic community, the study continues 
to make the rounds in activist anti-bitcoin campaigns. No longer touted, but never corrected or clarified, is an 
infamous prediction by the World Economic Forum and by Newsweek in December 2017  that by 2020, bitcoin 
would consume all of the world’s energy. 
 

In our view, the terrifying visions arising from such stories bear no resemblance to reality. E-waste due to bitcoin 
mining, even given the most pessimistic estimate (30.7 metric kilotons) is only 0.07% of all e-waste (41.8 million 
metric tons), but actually, is far less (see point 7). While confidence intervals are large and sources disagree 
significantly, bitcoin’s current estimated energy use is 0.23% of global energy according to the Cambridge 
Centre for Alternative Finance. Bitcoin mining is increasingly renewable. The Bitcoin Mining Council collects 
direct data from miners responsible for more than 50% of all hashrate, and reports a 64.6% sustainable power 
mix, estimating a 58.4% industry-wide sustainable power mix. Because of this greener mix of power, according 
to a recent report, bitcoin mining is responsible for a mere 0.08% of global carbon emissions. And according to 
another recent projection, bitcoin’s global emissions are likely to peak at under 1%, by the end of the decade, 
declining thereafter, even if bitcoin’s market capitalization manages to grow more than ten-fold in the period.  
 
Further, the attempts to characterize energy use, emissions, or e-waste “per transaction” betrays a basic 
misunderstanding of how mining works (see 5). Bitcoin’s base layer processes very few transactions, but each of 
these transactions can settle thousands of batched payments made on highly-efficient second-layer payment 

https://cointelegraph.com/news/polygon-network-suffers-from-extended-service-outage-after-upgrade
https://fortune.com/2022/01/25/solana-founder-anatoly-yakovenko-crypto-crash-blockchain-instability/
https://restofworld.org/2022/crypto-miners-fleeing-kazakhstan/
https://www.bloomberg.com/news/articles/2022-01-25/kazakhstan-unplugged-bitcoin-miners-before-blackout-hit-region?sref=QYWxDQ1o
https://www.theguardian.com/technology/2022/feb/18/bitcoin-miners-revive-fossil-fuel-plant-co2-emissions-soared
https://billingsgazette.com/news/crypto-miner-plans-to-exit-hardin-coal-fired-power-plant/article_cd2ca444-929a-511d-913d-903fbc570498.html
https://www.washingtonpost.com/business/2022/03/18/bitcoin-mining-noise-pollution-appalachia/
https://digiconomist.net/bitcoin-energy-consumption/
https://www.theguardian.com/technology/2021/sep/17/waste-from-one-bitcoin-transaction-like-binning-two-iphones
https://doi.org/10.1038/s41558-018-0321-8
https://doi.org/10.1038/s41558-019-0533-6
https://doi.org/10.1038/s41558-019-0535-4
https://doi.org/10.1038/s41558-019-0534-5
https://www.openmarketsinstitute.org/publications/large-coalition-of-public-interest-and-environmental-groups-come-together-to-urge-leaders-to-address-climate-damages-of-crypto
https://www.greenpeace.org/usa/news/change-the-code-not-the-climate-greenpeace-usa-ewg-others-launch-campaign-to-push-bitcoin-to-reduce-climate-pollution/
https://www.weforum.org/agenda/2017/12/bitcoin-consume-more-power-than-world-2020?utm_content=bufferada1c&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer
https://www.newsweek.com/bitcoin-mining-track-consume-worlds-energy-2020-744036
https://doi.org/10.1016/j.resconrec.2021.105901
https://unu.edu/news/news/ewaste-2014-unu-report.html
https://unu.edu/news/news/ewaste-2014-unu-report.html
https://bitcoinminingcouncil.com/wp-content/uploads/2022/05/Bitcoin_Letter_to_the_Environmental_Protection_Agency.pdf
https://ccaf.io/cbeci/index/comparisons
https://bitcoinminingcouncil.com/bitcoin-mining-council-survey-confirms-year-on-year-improvements-in-sustainable-power-mix-and-technological-efficiency/
https://bitcoinminingcouncil.com/bitcoin-mining-council-survey-confirms-year-on-year-improvements-in-sustainable-power-mix-and-technological-efficiency/
https://coinshares.com/research/bitcoin-mining-network-2022
https://nydig.com/research/report-bitcoin-net-zero
https://ccaf.io/cbeci/faq
https://bitcoinminingcouncil.com/wp-content/uploads/2022/05/Bitcoin_Letter_to_the_Environmental_Protection_Agency.pdf
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networks like the Lightning Network. In this way, bitcoin can scale in transaction volume without a meaningful 
difference in energy use, emissions, or e-waste. 
 
All of the projections of bitcoin’s future energy use and emissions must be qualified, of course. Because of 
bitcoin’s ever-falling issuance schedule, the rate of bitcoin’s price appreciation matters. Were bitcoin to reach 
$490,000 not in 2030, but in 2022, miners would find themselves sitting on a much more valuable block 
subsidy right now. In 2030, given that issuance will have halved twice, that block reward would not be as large 
an increase in dollar terms, and it is this latter scenario envisioned by the model on which mining achieves less 
than 1% of global carbon emissions. The impact of such unlikely near-term price spikes would be blunted by 
ASIC availability and electrical infrastructure availability, but still those effects need to be modeled and studied 
just the same. 
 

Rather than review this literature in further detail, we would like to turn to some fundamental features of the 
protocol and the dynamics of the energy market that make us cautiously optimistic about bitcoin’s role in 
incentivizing a transition to sustainable energy.  
 

Environmental Benefits of Bitcoin Mining 

Bitcoin has a unique energy demand profile. Its miners are:  

• Portable and can operate in a wide range of geographies and climates even without a grid connection 
(helping bootstrap renewables and supporting infrastructure build-out), 

• Exceptionally price sensitive as part of a global, zero-sum market (every miner anywhere is in direct 
competition with every other for the fixed block issuance); 

• Deployable at scale (from solo home mining to gigawatt industrial operations); 
• Interruptible and flexible, able to attenuate power demand with sub-second responsiveness (helping 

keep grids stable). 

Because older and newer machines have different profitability profiles, bitcoin mining is especially well-suited to 
filling key niches in the energy system and developing symbiotically with renewable producers. Mining, in very 
non-obvious ways, may prove to be a powerful tool aiding the shift towards an energy system based on 
renewable sources. Additionally, it provides a profit-driven mechanism for waste methane recovery, and, as 
prices stabilize, at least some portion of bitcoin miners may replace large heating elements, increasing hashrate 
with little to no effect on emissions or electricity usage. 

Renewable Energy and the Grid 

We identify three major problems in the transition from a carbon-based power grid to a renewable-based power 
grid: investment risk for renewable energy producers; unique challenges of an inverter-based grid; and 
curtailment and negative pricing, which subdivides into problems of transmission constraints and reducing 
excess supply on the grid. 

Investment Risk 

The International Renewable Energy Agency (IRENA) reports that private finance is expected to provide 
much of the needed investment for the renewable energy transition to succeed. However, they identify a 

https://dci.mit.edu/lightning-network
https://nydig.com/bitcoin-net-zero
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number of risks that are preventing large scale investment. They note that “[s]uch risks include political, 
regulatory, counterparty, currency and liquidity risk, as well as grid interconnection and transmission-line delay 
risk”. While bitcoin mining may not solve all of these issues, we believe that it can address some of them. 

Berkeley Lab’s report on interconnection queues showed that wait times to be connected to the grid are getting 
longer and the percentage of proposed projects converting to grid connection is also decreasing. Additional risk 
is highlighted in Bastian-Pinto et al. (2020), which examined wind-power developments in Brazil where 
investment risks are tied to variability in spot prices in the energy market. As a hedge against electricity price 
volatility and in order to incentivize early investment in a renewable power plant, they suggest an investment 
model that includes a Bitcoin mining data center. 

Additionally, the Berkeley Lab study found that US commercial power projects spent approximately 
3.5 years waiting for connection approval between 2010-2020 compared to approximately 1.9 years 
between 2000-2009. The study noted that there’s roughly 680 GW of “zero-carbon capacity” waiting 
to be connected. With only 16-19% of this total possible renewable power expected to come online, 
possibly due to the previously outlined investment risks, there is opportunity here to incentivize power 
plants to come online sooner, while they wait for approval, with the help of a mining facility. Applying the 
mining hedge here could allow both to be built in parallel. 

Several studies have also noted that the falling prices of solar power, known as solar value deflation, will make it 
difficult to convince investors and developers to build solar plants if they expect to make less money or lose 
money running a solar plant. California is already experiencing this problem. “If the cost declines for building 
and installing solar panels tapers off, California’s solar deflation could pull ahead in the race against falling costs 
as soon as 2022 and climb upward from there.” As in the Bastian-Pinto et al. study, bitcoin mining can act as a 
hedge against solar value deflation risks that would otherwise deter investors from funding solar power plant 
construction. 

The Modern Grid’s Unique Challenges 

Traditionally, the power grid ran with rotator-based generators which produced steam to spin turbines. These 
generators provide inertia, meaning that the spinning turbines are resistant to change and want to keep 
spinning, even in the absence of energy provided to spin the turbine. As a result, grid operators used this inertia 
to plan response to changes in power on the grid. 

Historically, inertia gave grid operators time to rebalance supply and demand when a large power plant or 
transmission fails. However, inertia is not the only way to rebalance the grid. Energy intensive loads can 
participate in demand response programs to stabilize an electrical grid with high levels of renewable energy 
penetration. 

Bitcoin Mining and Grid Resiliency – West Texas Case Study 

Another option is to use highly flexible response loads like bitcoin mining. This is already happening in Texas’ 
ERCOT grid. Lancium and IdeaSmiths, LLC released an industry white paper in 2021 that models the results 
of integrating bitcoin mining facilities which are located primarily in West Texas, where there is an 
overabundance of wind power. Among its results, the grid simulation found a reduction in CO2 emissions 

https://www.irena.org/publications/2016/Jun/Unlocking-Renewable-Energy-Investment-The-role-of-risk-mitigation-and-structured-finance
https://emp.lbl.gov/publications/queued-characteristics-power-plants
https://www.sciencedirect.com/science/article/pii/S1364032120308054?casa_token=Js4stB0pff0AAAAA:M90RWPPEt_GbKB8VyKRjCjt6buXyvH31FMgi6qeyiUrJPwHJMq4cgINgj7sAqEOjQbAnoBlgUiJI
https://www.technologyreview.com/2021/07/14/1028461/solar-value-deflation-california-climate-change/
https://www.technologyreview.com/2021/07/14/1028461/solar-value-deflation-california-climate-change/
https://cdn2.hubspot.net/hubfs/6415418/Lancium_Flexible_Data_Center_Whitepaper.pdf?__hstc=164169632.d92ecbd1f44215dc53ec5aed2cf2d565.1633035330334.1633035330334.1633035330334.1&__hssc=164169632.1.1633035330334&__hsfp=165069303
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when integrating a highly flexible data center like a bitcoin mining facility as compared to a 2030 projected 
energy use baseline. This was possible because without miners, natural gas would have been used to balance out 
renewable intermittency. The IEA Net Zero report emphasizes the importance of increasing demand response 
in order to manage increased renewable-based power production. Therefore, these results validate the IEA’s 
findings. Overall, the model estimates a 3.91 MT drop in carbon emissions over the baseline. While this shows 
reduction in emissions and an increase in wind power, the real gains appear to be in the responsiveness to grid 
price signals and improved grid stability in the face of variable power generation. 

Profitable bitcoin mining must more than cover capital and operational expenses with block rewards 
earned over the long term. Mining companies also know their break-even point at which electricity 
prices are too high for them to be profitable even in the short term. If electricity prices exceed this 
threshold, miners are incentivized to power down until prices fall back into their profit range. In 
ERCOT, ancillary services can be provided via Responsive Reserve Service (RRS), also known as Non-
Controllable Load Resources (NCLR). These loads are shut off via a grid operated circuit breaker (or after 
instructions sent from the grid operator) when frequency drops below a threshold. Another type of demand 
response is known as Controllable Load Resources (CLR). 

Bitcoin mining is leading the way in this area. In the 2021 Annual Report of Demand Response in the ERCOT 
Region, the authors noted, “This represents the first substantial amount of convention load to participate in the 
Ancillary Services market as a Controllable Load Resource.” Currently, there is approximately 750 MW of 
CLR being provided by eight bitcoin mining loads. CLR provides more than NCLRs in the sense that they can 
both reduce and increase demand, and provide frequency response similar to the governor of a conventional 
thermal generator. Prior to 2020, there were no demand side loads capable of operating in this manner. Bitcoin 
mining acts like a virtual generator, providing or withdrawing energy as needed. Moreover, incorporating 
bitcoin mining in renewable-rich grids has a secondary effect of cleaning up bitcoin’s carbon footprint. 

Bitcoin Mining’s Relevance to the Western and Eastern Interconnections 

NREL provides some insight on ERCOT’s approach and how it might apply to the larger grids in the US. First, 
ERCOT is a smaller and more “islanded” grid than the Western and Eastern Connections. As a result, there is 
inherently less inertia in a smaller grid and thus less response time. A smaller grid coupled with high wind power 
penetration (ERCOT reported in 2020 a maximum instantaneous penetration of 57.9% in 2020) forced 
ERCOT to develop a new approach to low-inertia.  

Second, since ERCOT is unlike the Western and Eastern interconnections because of its smaller grid-size and 
high wind penetration, the effects of incorporating bitcoin mining as a flexible load are a little different. NREL 
reports that other “US regions have yet to deploy significant load response because of limited need given their 
size and limited [renewable] penetration.” They suggest that concerns over low-inertia are likely to be minimal 
during this decade. However, they expect that ERCOTs methods could “allow these regions to add significant 
wind and solar while maintaining reliable operation.” This suggests that bitcoin mining will be able to scale 
nationally to assist with grid operation in the coming years to decades. 

Curtailment and Negative Pricing 

https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf
https://www.ercot.com/mp/data-products/data-product-details?id=NP3-110
https://www.ercot.com/mp/data-products/data-product-details?id=NP3-110
https://www.nrel.gov/docs/fy20osti/73856.pdf
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As renewable power penetration increases in grid systems, curtailment becomes a greater concern. According to 
Shan and Sun (2019), this is a result of a “mismatch of intermittent generation and demand, transmission 
congestion, and many other reasons.” They continue, “curtailment will reduce both the environmental and 
economic benefit from renewable power plants, lowering the return of public and private investors.”  

In 2018, over 346 GWh of solar and wind power were curtailed in California alone and this number is 
expected to increase as more renewables come online in order to meet the Paris climate targets. 
Similarly, additional wind can lead to negative pricing, especially in the Great Plains region. Negative 
pricing generally represents locations where “the economic value of additional generation resources has 
significantly declined”. According to one study, large flexible loads “may have the opportunity to 
increase welfare by availing themselves of plentiful and cheap energy”. Such loads would need to be able to 
easily co-locate in regions where negative prices are common (which is what bitcoin miners have done in West 
Texas). 

One solution for solar generators is to build out their power plant as a hybrid of solar and battery storage. With 
excess power stored in a battery, this power could be sold back to the grid during peak times or at night, when 
the sun has set. Battery prices are expected to continue to decline and 4-hour batteries are already being included 
in new solar plant projects. Eid et al (2021) notes that ROI is lowered with the addition of batteries due to the 
additional investment, so this may not be an ideal solution depending on investment constraints. Another 
possibility is to add additional transmission lines that can send power to more distant locations that may need 
the excess power. 

A secondary solution is to incorporate a bitcoin mining facility either with batteries or alone. Shan and Sun 
modeled California’s power grid using curtailment data from the California Independent System Operator 
(CAISO) and determined that bitcoin mining could reduce 50.8-79.9% of curtailment and add an addition of 
5.6-48.1 million dollars in revenue to the system, based on 2018 data. This study did not look at the addition of 
batteries. However, a recent report from Square and ArkInvest suggested that the coupling of battery and 
bitcoin mining could be beneficial to solar power operation. Eid et al (2021) ran simulations comparing using 
battery or bitcoin miners to increase profitability of solar power plants, and found that in all scenarios the 
bitcoin miners outperformed the use of batteries. As battery prices continue to drop, this calculus may change 
over time. Still, in terms of ROI, it is likely beneficial to run miners to consume at least some of the curtailed 
power. Finally, the Shan and Sun study showed that shifting mining to addressing curtailment could “reduce 
CO2 emissions, stimulate the capacity expansion, and enhance the reliability of the grid.”  

Additional Environmental Benefits 

In addition to assisting with the renewable energy transition, bitcoin mining can provide environmental 
benefits through energy efficiency and waste clean-up, potentially operating as a mechanism for reducing 
greenhouse gas emissions. 

Utilizing Bitcoin Mining’s Heat Generation to Improve Energy Efficiency 

From a basic physics perspective, bitcoin mining converts electricity into heat. The heat can be allowed to mix 
with the surrounding environment or it can be used for productive purposes.  

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3436872
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3436872
https://www.sciencedirect.com/science/article/pii/S2666792421000652?ref=pdf_download&fr=RR-2
https://www.sciencedirect.com/science/article/pii/S2666792421000652?ref=pdf_download&fr=RR-2
https://www.sciencedirect.com/science/article/pii/S2666792421000652?ref=pdf_download&fr=RR-2
https://ieeexplore.ieee.org/document/9483629
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3436872
https://assets.ctfassets.net/2d5q1td6cyxq/5mRjc9X5LTXFFihIlTt7QK/e7bcba47217b60423a01a357e036105e/BCEI_White_Paper.pdf
https://ieeexplore.ieee.org/document/9483629
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3436872
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Research here is nascent. An undergraduate thesis examined the possibility of using mining to heat a multi-
family house.  A master’s thesis studied tying a 45 MW bitcoin mining facility to an 8.34 acre cannabis 
greenhouse that would be co-located in Alberta, Canada. This thesis found a potential savings of 70,000 tonnes 
of carbon dioxide emission for such a closed loop energy system. 

A recent news article reported a partnership between MintGreen and the city of North Vancouver to 
pipe the excess bitcoin mining heat into the city’s buildings or, as needed, be sold to a local producer of 
sea salt. The partnership anticipates that, “compared to natural gas, the heat from MintGreen’s digital boilers 
would save the atmosphere from 20,000 tonnes of greenhouse gasses” over the duration of the contract with 
North Vancouver. The city believes that bitcoin mining heat will help reduce their reliance on natural gas and 
meet their target of reducing emissions by 80% below 2007 levels by 2040. 

Elsewhere, mining heat is being used to heat hot water,  warm greenhouses during winter months and distill 
whiskey. Additionally, there is anecdotal evidence among the bitcoin community that some residential miners 
are retrofitting their homes, using their miners for a dual purpose of central heating and bitcoin accumulation. 
We believe that for the residential miners heating can offset their demand on the grid and also reduce their 
carbon footprint. 

Bitcoin Mining as a Financial Incentive for Waste Clean Up 

While our major focus has been on reducing a majority of emissions from the direct combustion of fossil fuels, 
byproducts from fossil fuel production, landfills, agricultural waste, and tires contribute harmful gasses to the 
atmosphere and land, as well. Landfills account for approximately 30% of total global methane emissions. Oil, 
gas and coal production produce methane emissions through the inefficiencies of methane gas flaring and leaks. 
Tires are also an environmental hazard and are a storage of wasted energy. We believe that reduction of 
greenhouse gasses from waste can be incentivized with bitcoin mining rewards and provide evidence from 
recent use-cases. 

Bitcoin Monetizes Capture of Methane Emissions from Flared Gas and Leaks 

The IPCC’s recent 2021 report noted that about 0.3 degrees C of the currently 1.1-degree C global warming 
was attributable to methane gas. Methane gas, while having a shorter lifetime than carbon dioxide, is a much 
more potent greenhouse gas. The UN reports that when measured over a 20-year period, methane has an 84-86 
times more global warming potential than carbon dioxide.  

We know that recently and without government intervention, flared gas is being used to mine bitcoin. Crusoe 
Energy is now providing cloud computing services that run off previously flared gas and Exxon is testing a pilot 
with Crusoe where it is redirecting this wasted gas toward bitcoin mining to meet environmental standards. 
According to a CNBC report, Exxon is looking at bitcoin mining as a way to meet the World Bank’s “Zero 
Routine Flaring by 2030”. ConocoPhillips is reported to be running a similar test pilot project. Crusoe’s 
website claims a 63% reduction in carbon dioxide equivalent emissions. Nezhadfard et al. studied power 
generation for methane recovery and found that certain combustion engines could indeed provide a net 
reduction in carbon dioxide equivalent emissions. The Cambridge Bitcoin Electricity Consumption Index 
estimates that global gas flaring recovery could run 4.6 bitcoin mining networks (based on May 8, 2022 energy 
usage). 

https://www.theseus.fi/bitstream/handle/10024/149939/Nguyen_Tri.%252520Hoang_Anh.pdf?sequence=1&isAllowed=y
https://prism.ucalgary.ca/bitstream/handle/1880/111108/2019%20Closed%20Loop%20Cryptocurrency%20Mining%20in%20Alberta.pdf?sequence=1&isAllowed=y
https://dailyalts.com/mintgreens-bitcoin-mining-to-heat-the-city-of-north-vancouver/)
https://www.wisemining.io/
https://braiins.com/blog/green-innovation-in-bitcoin-mining-recycling-asic-heat
https://news.bitcoin.com/south-florida-distillers-bitcoin/
https://news.bitcoin.com/south-florida-distillers-bitcoin/
https://finance.yahoo.com/news/bitcoin-miner-havent-paid-heat-three-years-143714695.html
https://www.sciencedirect.com/science/article/pii/S0956053X11005976?casa_token=YwOI2JqP2EAAAAAA:djt6qY5OySobnztafquW-ebA3eeWGh1PDkOfrwMcKv_w8HEGoYxrRZUUolvVTQywdoXYtggzRDAF
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Full_Report.pdf
https://unece.org/challenge
https://www.proquest.com/docview/2600353879?pq-origsite=gscholar&fromopenview=true
https://crusoecloud.com/climate-impact
https://crusoecloud.com/climate-impact
https://www.cnbc.com/2022/03/26/exxon-mining-bitcoin-with-crusoe-energy-in-north-dakota-bakken-region.html
https://www.cnbc.com/2022/02/15/conocophillips-is-selling-extra-gas-to-bitcoin-miners-in-north-dakota.html
https://www.crusoeenergy.com/blog/3MyNTKiT6wqsEWKhP0BeY/understanding-the-problem-crusoe-solves
https://www.sciencedirect.com/science/article/pii/S0360544220310471?casa_token=CsTvANMt4CUAAAAA:ZJtWKnDznJLsLCWbkS2N8zlL6Zi_h5WKfWF9_TujnRJKb20wKUO2Y4xIdooL2mKrTvhpipaOIg
https://ccaf.io/cbeci/index
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Bitcoin as a Buyer of First Resort for Unconventional Energy Sources: Landfills, Agricultural 
Waste, Waste Coal and Tires 

As previously mentioned, landfills account for 30% of global methane emissions. Agricultural waste, especially 
from livestock, contributes to both soil, water and air pollution. The EPA estimates that in the US, agriculture 
accounts for 26% of methane emissions while waste accounts for 19%. 

Bioming is a Mexican company that uses pig waste to mine bitcoin. The pig waste produces biogas, a renewable 
source of energy. This approach can be extended to landfills of a certain size. It may be worthwhile for landfills 
to operate older miners, to generate additional revenue. Biogas can also be produced from sewage and industrial 
wastewater treatment. 

In Pennsylvania, Stronghold Digital Mining is powering their bitcoin miners using a waste coal remediation 
power plant. The state incentivizes these plants to install pollutant reducing technology and Stronghold’s 
website claims 90-99% reductions in NOx, particulate, mercury, and SO2 emissions. However, these claims have 
not been independently verified. More research is needed on the environmental impacts of this kind of waste-to-
energy bitcoin mining. 

Lastly, tires contribute to landfill waste and release toxins into the environment. Because of their high energy 
content, they can easily catch on fire, releasing pollutants into the atmosphere. In 2019, 76% of tires were 
recycled in the US. The remaining 24% can be broken down using high temperatures, which avoids pollution 
from directly burning them for energy. From here, the decomposed tire waste can be converted into fuel. 
However, tire fuel does produce emissions that are comparable to conventional fuels, so the cost and benefits 
must be weighed for using tire-derived fuels for bitcoin mining as a form of waste clean-up and environmental 
hazard reduction. 

Conclusion 

When thinking about bitcoin and the environment we must weigh bitcoin’s own value, its negative 
environmental effects, and its positive environmental effects. Bitcoin is a $600 billion digital asset, an embodiment 
and extension of deeply-held American values, and a means of advancing American interests. Proof of work, we 
have argued, is essential to bitcoin’s value along all three of these dimensions, but like any industry, has 
environmental impacts. These, we have argued, are often exaggerated due to basic misunderstandings of 
bitcoin’s protocol. Finally, we have explored the many ways in which bitcoin mining promises to help us 
confront the challenge of climate change. Mining reduces investment risk in renewables—particularly in 
advance of grid connection—and acts as a uniquely flexible controlled load resource. Mining has other 
environmental benefits, including innovative uses of waste heat, safe disposal of used tires, remediation of waste 
coal, and most of all, methane cleanup on wellsites, farms, and landfills, at scale. Especially in this nascent phase 
of its development, regulators must be mindful both of bitcoin’s value and of bitcoin mining’s unique and 
positive contributions to sustainability. 

 

 

https://www.epa.gov/sites/default/files/2019-06/documents/methane_emissions_overview_may2019.pdf
https://blog.hashrateindex.com/bitcoin-mining-with-pig-manure-from-organic-disposal-to-digital-currency/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1488894
https://strongholddigitalmining.com/environmental-impact/
https://www.ustires.org/ustma-finds-recycling-end-life-tires-has-stalled-new-report-emphasizes-urgent-need-continued
https://www.ustires.org/ustma-finds-recycling-end-life-tires-has-stalled-new-report-emphasizes-urgent-need-continued
https://archive.epa.gov/epawaste/conserve/materials/tires/web/html/faq-tdf.html

