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Is bitcoin bad for the environment?
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Notes:

References to Bitcoin “B” are to the network and the protocol.
References to bitcoin “b” are to the currency.
Consumption references are taken from https://www.jbs.cam.ac.uk/faculty-research/centres/alternative-finance/publications/3rd-global-cryptoasset-benchmarkingstudy/ published in September 2020
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The bitcoin environmental stats

75%
75% of bitcoin miners have renewable energy in their mix

39% (and rising)
39% of all Bitcoin power consumption is renewable.
Bitcoin miners must have the lowest cost power to survive. The
nature of renewables means they will almost always be selected.

15%
The proportion of power generated by renewable sources is
highest in Germany, amongst large economies, at 15%*

4.5%
The renewable content of the Australian power generation.

*Notable exceptions here include Iceland (85%; geothermal); Paraguay (100%; Hydro)
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1. Why does Bitcoin use energy?
When Bitcoin was first released in 2009, it was hailed as the solution to a long-term problem in computer science,
known as the ‘double-spend problem’. On the internet, where there is a digital transaction between two individuals,
there is no way of knowing whether the money has been spent (or paid) twice. Digital records can be copied, amended,
falsified or shared. Bitcoin set out to solve that problem by developing a consensus mechanism as follows:
•
•
•

Every 10 minutes transactions would be collated into blocks.
Users around the world would host those blocks on their own copy of the blockchain, which records all historic
transactions.
In this way a time stamped record of each transaction is available to all users.

In order to do this, the Bitcoin software sets a complicated problem. It is a mathematical algorithm that requires
computing power to resolve and users around the world now use their computers to solve the problem. This requires
significant processing power and electricity, which represents a large cost and burden on the network.
The person successfully solving the problem then publishes a block in which they record the transactions they wish to
validate; they also record the solution to the problem, and everyone can check if it is correct.
All transactions can only be spent once otherwise the block would be invalid. Consequently, this prevents the issue of
double spending.
The reward for publishing a block today is around USD$300,000.
The essence of the solution is that if you have spent time and energy producing a block and stand to receive the block
reward, then you are heavily incentivised to do the right thing otherwise users may reject your block and you will not
receive the lucrative reward. There is an absolute cost to your involvement, and an absolute cost to the production of
bitcoin. This process is known as mining.
In the early days of Bitcoin, mining was done on home computers and laptops, but now it is a professional industry with
mining farms the size of industrial complexes. It is these facilities that cause concern, and we address their energy
consumption in this research note.

2. Does it have to be energy intensive?
Yes. Bitcoin uses something known as Proof-of-Work. The winning miner must publish the answer to the complicated
problem for everyone to see. That is their “Proof-of-Work”, whereby they demonstrate they expended power to get to
the answer.
Another method commonly used is something known as Proof-of-Stake. This operates by users staking their coins as
part of the mining exercise. There are many variations, but in a simple example let’s say there are two users who stake
60 coins and 40 coins in a mining exercise. The protocol will select probabilistically the user to resolve the problem. So,
there is a 60% chance the first user will be chosen and a 40% chance the second user will be chosen. Simply, you
prove how much money you have, not how much work you have done and so no energy is required.
The main issue with Proof-of-Stake is that the rewards are more likely to accrue to the largest holder, compounding
their large size. By definition this will centralise the mining process and cause all of the issue that Bitcoin originally set
out to solve, which was to decentralise a monetary system. Decentralisation is not the natural end state in a Proof-ofStake system.
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In Proof-of-Stake there will ultimately be one or two very large miners who effectively control the mining of the coin, this
also makes the system vulnerable to hardware attack and other forms of technical compromise.

3. How much energy does bitcoin use?
Whilst Bitcoin uses a lot of energy, it is now a huge currency on a global scale, so that should not be a surprise. The
security model of the currency relies on this energy. Effectively anyone wishing to attack Bitcoin would have to corral
enough energy (similar to the energy consumption of Sweden) to mount an assault on Bitcoin. That is why all attacks
have failed, it is also why they no longer even begin.

Note where Bitcoin sits in the global money supply rankings. It is in fact closely correlated with the equivalent energy
consumed by its neighbours in the chart. For example, Sweden is down in 20th place just below bitcoin in 16th and they
have equivalent consumption. You may think that the country comparison is unreasonable because bitcoin is just
software. In fact, it is a measure of the security model required to protect the amount of value the network represents.
The larger the monetary network, the larger the amount of protection required.
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4. Renewable energy
So far so bad then. That is a lot of energy. What about the mix though? At this point things get interesting because
bitcoin mining is unique in that it has to seek out the lowest cost energy to be profitable. For example, one cannot just
plug into a domestic grid and mine bitcoin. That is the fast track to the poorhouse. Bitcoin requires energy below 3
cents per KWh and preferably, zero cost.
Miners have located themselves around the world generally very close to renewable sources of energy. Overall, 76% of
bitcoin miners have renewable energy in the consumption mix and 39% of total consumption is renewable.

These are absolutely enormous renewable numbers. No industry on earth can boast that level of renewable engagement
or indeed that level of renewable in the mix. It is absolutely world leading.
The reason is not because Bitcoin miners are green. They are not, likely they do not care. It is simply that the cheapest
energy must prevail and there are many reasons why renewable energy is cheaper and will continue to get cheaper as
time progresses.
It would be no surprise to see the renewable footprint of bitcoin exceed 75% in five years’ time, simply through economic
imperative.

5. The user of last resort
Renewable energy is not without its issues, particularly with regard to its supply. Much of the time it is produced at the
wrong time, for example when the wind blows in the middle of the night and wind turbines are generating electric while
we sleep. Similarly for solar in winter, when sunlight has low intensity. This intermittency problem is also acute for
hydroelectric installations.
Even in a country like Australia (which has very high electricity prices) there are times when the wholesale price of
electricity is actually negative. Who buys that surplus power? The answer is very often bitcoin miners. They are most
prominent in the hydroelectric plants throughout Sichuan, China. There, they have agreements with operators to take
all and any power below a certain threshold price. So, miners might say, we will take whatever power you can give us
below 3 cents per KWh.
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It is actually a huge part of the bitcoin invention that its Proof-of-Work protocol can actually transmute energy directly
into money. This is something that has never before been possible and we are seeing all sorts of interesting uses of this
property, including increasing the viability of renewable energy and providing load balancing capability for electricity
grids.
Another good example of this is in Quebec, Canada. They have a highly developed hydroelectric capacity and have
since 2018 been working with bitcoin miners to monetise their excess power. The power is cheap and plentiful, and the
arrangement works well for everyone, since domestic and industrial users have the power when they want it and the
bitcoin miners get the surplus, at low cost, whenever it is available.
Here is a snapshot of just how extensive these facilities are in Canada, its racks of miners as far as the eye can see. All
hydro powered.

Possibly less impressive than Quebec Hydro itself though. This looks like a painting but is a photo.

The point here is this; to win at bitcoin mining you have to have the lowest cost power. That will always be renewable
energy because its marginal cost is close to zero and very often is zero. Fossil fuels will never have a marginal cost as
low because extracting coal, gas or oil will always have some cost to fund ongoing labour and/or machinery needs.
Bitcoin actively seeks out that which is cheapest and most efficient, and most importantly not because it wants to or
that people in the industry are attempting to do the right thing, it is a simple economic imperative. As we will see the
importance of low-cost power has taken bitcoin mining to new places with some very innovative solutions.
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6. Stranded energy
In the USA there has been significant growth in the oil and gas industry over the last 10 years. One of the by-products
of that production has been methane. When drilling an oil or gas well, methane is released from the ground. Producers
then flare the methane because it is extremely bad for the environment (roughly 40x worse than CO2).

These methane flares represent wasted energy. Oil and gas production in remote parts of the USA and Canada is not
connected to the electricity grid so there is no possibility of utilising this surplus energy through distribution to the grid.
Enter the bitcoin miners. For the first time, we can now transport meaningful demand to remote locations and capture
the lost energy. One company doing exactly this is Upstream Data Inc.
Upstream Data Inc.

Upstream deploy bitcoin mining facilities on site at oil and gas mines. Essentially capturing the flare, converting it to
electricity with which they mine bitcoin.
This is a potentially massive industry because 42 gigawatts worth of natural gas is vented and flared globally simply
because the energy is stranded.
This is an Upstream Data installation. You can no longer see the flare because it is being consumed by the generator
set. That power is then used to mine bitcoin.
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Inside the boxes are housed bitcoin miners, which connect to the internet via Satellite to communicate with the bitcoin
network. It is ingenious because stranded energy is now being usefully harnessed. The gas is not flared into the
atmosphere and the miners have effectively zero marginal cost energy.
The economics of the arrangement are that the oil/gas miner pays for the installation and then generally takes 100% of
the mining revenue until the installation is repaid, then it is split between Upstream and the miner on and ongoing basis.
The same product is being used in the USA with Great American Mining Inc. being rolled out across the oil and gas
fields of the USA. It’s a very elegant solution to a very real problem and it is a huge environmental win.
Bitcoin is now making itself part of the energy mix in around the world. It is clearly providing a useful service in delivering
demand to locations that do not have it and also to locations that have too much supply.
We are simply seeing energy converted to ‘money’. We cannot create or destroy energy, but we can capture it, use it
and transfer it. That is exactly what bitcoin is doing.

7. The Kardashev Scale
As a footnote to the discussion around the consumption of power, the Kardashev scale. Developed by a Soviet
astronomer, the scale sets out to measure the scientific advancement of a civilisation. It is measure of the amount of
energy a society is capable of using and it acknowledged that capturing power and making it work represented huge
technological progress.

•

•

A Type I civilization, known as a planetary civilization – can use and store all of the energy available on its planet.

•

A Type II civilization, known as a stellar civilization – can use and control all of the energy available on its planetary system.

•

A Type III civilization, known as a galactic civilization – can control energy at the scale of its entire host galaxy.

Kardashev recognised something important, capturing and controlling energy was in fact the name of the game. The
capacity of humanity to do this is directly correlated to our progress. Cheap power lifts people upwards. It is a
component of all the things we use and consume, perhaps the most important input of all. The better we get at it, which
includes not destroying the planet in the process, the better things will be.
The drive must be for more efficient power use, cleaner and more renewable sources of energy (which in fact are
harnessing the power of planetary movement, like tidal power). We must not forget that the goal is always more power,
because that is the measure of progress. The alternative of less power exists, many people advocate for it, but it is to
regress as a civilisation.
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8. Economic growth and power consumption
It has long been known that there is a strong correlation between power and economic growth. Indeed, during the
coronavirus pandemic governments used power consumption to try and guess how bad things might get. It is a
tremendous leading indicator.
McKinsey research in 2019 mapped the growth of the global economy against the use of power. There is clearly an
element of chicken and egg here, what is driving the growth? The cheap energy or the other way around. It is a fact
though that the cheaper energy is, the better for everyone since it is such a large factor of production in everything we
do, but to get back on trend we need a step up in the efficiency and scale of new energy sources.

9. ESG
Most businesses now have an ESG (Environmental, Social and Governance) policy. Here is a telling article from
McKinsey on ESG.
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/five-ways-that-esgcreates-value).
It sets out exactly how your business should address the issue to ensure you remain in preference with your local
government, employees and customers. In effect, tips on how to game the system. It operates on a particular scale,
keep your head down, do the right thing and you will be able to navigate the ESG maze. For most companies it will be
a thing that they pretend to do.
For Bitcoin things are much more ruthless and much more effective. Bitcoin does not have a management team, any
shareholders or anyone at all actually. It certainly doesn’t have, and will never have, an ESG policy. It simply is ruthlessly
efficient in selecting the lowest cost power to ensure its security model. Most often than not that power will be renewable
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by default, because it is simply the lowest cost source of power. It is also able to harness wasted energy all over the
globe in ways no other industry can.
No industry or country in the world has 75% of its participants having significant renewable energy as part of their
production mix or 39% and rising of its total power consumption as renewable. This will likely be over 50% in 3 years,
simply because the cost of renewable energy is falling, and Bitcoin will find that energy.
Of all the industries and countries in the world, Bitcoin is a leader in the adoption of renewable energy sources. It’s easy
to criticise as many people do but as John Donne said, “send not to know for whom the bell tolls, it tolls for thee.” Your
house, your business, your investments will be nowhere near 39% renewable in almost every case you choose.

10. Where to next?
The prevailing narrative appears to be that bitcoin is not “green”. The fact of the matter is there is no industry so involved
in the renewable energy mix as bitcoin. It is at the forefront of efficiency gains; it is providing demand to sustain renewable
providers when otherwise subsidies would be required. It is seeking out stranded and wasted energy and converting
that to useful energy.
It is doing all of those things for the right reason, economic imperative. Not because it wants to look good or be seen
to do the right thing. It is just ruthless software.
Indeed, bitcoin as a protocol with its ability to transfer massive value around the world for almost zero cost in energy
terms is a huge leap forward for humanity. It will take time to educate people on these issues and it is of course up
against deeply embedded incumbents with hugely more expensive security models (see the US military).
Bitcoin is part of the solution; it is not the problem. Over time, as we have seen, there will be nowhere for the falsehoods
to hide.
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