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Money must be one of the most
successful human creations in terms of
its extension and massiveness. Its forms,
however, are multiple. For instance, we are
witnessing today a cryptocurrency boom
that threatens to render physical money
obsolete. But, as this article sharply shows,
no matter how digital a cryptocurrency
is, its creation has physical effects on
a massive scale, especially in terms of
energy consumption and carbon footprint.
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he code shown above is the cryptographic hash
that univocally certifies the original document
with the text you are about to read. It has been
stamped with a digital service that uses blockchain
data certification, which creates an immutable record
of existence, integrity, and ownership for documents
and files. The records certified are generated
leveraging both the Bitcoin and the Ethereum
blockchains. At first sight, both the vocabulary, the
protocols, and the string of letters and numbers
resulting of this process seem complicated, but the
general concept behind the technology is simple and
the outputs that it is producing are yet far from being
completely developed. The name blockchain refers to
a series of transactions bundled into ‘blocks’ of data
that are written onto the end of a ‘chain’ of existing
blocks describing all prior transactions.

Blockchain and decentralization
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Crypto networks are distributed and communitygoverned networks, ruled by a blockchain-based
crypto asset, for instance a cryptocurrency.
Unlike centralized networks that need different
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kinds of certifiers, the decentralized ones rely on
the confidence of the peers and use consensus
mechanisms to maintain and update themselves.
Cryptonetworks use rewards in the form of tokens or
coins to enhance consensus among participants. This
rewarding mechanism ensures that all stakeholders
work towards the success of the network.
Cryptonetworks favor the emergence of new kinds of
assets that enable decentralized applications, as they
are community-governed they can easily surpass the
capacity of the most advanced centralized services
(Dixon, 2018). Considering this, there is no surprise
in the emergence of many entrepreneur initiatives
and evangelists claiming they have the definitive
alternative to central banks, to nation states and to
supranational entities like the imf.
The most well-known example of
cryptonetworks is Bitcoin,1 a platform combining
cryptography and software that offers an
alternative currency and payment-tracking system.
It is made possible by a distributed network that
produces them and, at the same time, verifies each
transaction. As part of a virtual system, they are
not backed nor controlled by any government or
corporation; allowing instant payments near to zero
fees, available to everyone with internet connection.
As gold, it is recognizable, divisible and limited.
According to its monetary exchange rate, it seems
it’s worth its weight in gold and apparently this
weight is much easier to transport.

Bitcoin Energy Consumption
But just like the internet with its apparent virtuality,
the processes required to create and exchange
cryptocurrencies are done in a real-world site, and
they need physical infrastructures. Mining Bitcoins
is high-energy consuming and requires specialized
hardware and installations. The vision of a single
digital-money fanatic mining Bitcoins in the loneliness
of a home computer is now part of its short history

FIG 1 Índice de consumo
de energía de Bitcoin.
Abril de 2017 a enero de
2018. / Bitcoin Energy
Consumption Index Chart.
April 2017 - January 2018.
Fuente / Source:
Digiconomist
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TABLA/TABLE 1
Estadísticas de la red
Bitcoin. Febrero 2018.
Key Bitcoin Network
Statistics. February 2018.
Fuente / Source:
Digiconomist

Descripción / Description

Valor / Value

Consumo de electricidad anual estimado de Bitcoins (TWh)
Bitcoin's current estimated annual electricity consumption (TWh)

50,88

Ingresos anuales globales por minería (usd)
Annualized global mining revenues (usd)

$8,980,085,446

Costos anuales globales estimados por minería (usd)
Annualized estimated global mining costs (usd)

$2,543,885,031

País más cercano a Bitcoin en términos de consumo de electricidad
Country closest to Bitcoin in terms of electricity consumption

Uzbekistan

Electricidad estimada utilizada durante el día previo (KWh)
Estimated electricity used over the previous day (KWh)

139.390.961

Vatios implícitos por GH/s
Implied Watts per GH/s

0,227

Hash rate de red total en PH/s (1,000,000 GH/s)
Total Network Hash rate in PH/s (1,000,000 GH/s)

25.194

Electricidad consumida por transacción (KWh)
Electricity consumed per transaction (KWh)

749

Número de hogares de ee.uu. que podrían ser alimentados por Bitcoin
Number of u.s. households that could be powered by Bitcoin

4.710.898

Número de hogares de ee.uu. alimentados por un día con la
electricidad consumida por una única transacción
Number of u.s. households powered for 1 day by the electricity
consumed for a single transaction
Consumo de electricidad de Bitcoin como porcentaje del consumo
eléctrico en el mundo
Bitcoin's electricity consumption as a percentage of the world's
electricity consumption
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25,3

0,23%

Huella de carbono anual (kt of CO₂)
Annual carbon footprint (kt of CO₂ )

24.930

Huella de carbono por transacción (kg of CO₂)
Carbon footprint per transaction (kg of CO₂)

366,77

while mining has moved to data centers and other larger
infrastructures.
In January 2018, the milestone of 80 % of the
maximum of 21 million mineable Bitcoins was reached.
As the process of mining gets harder the value of a
single Bitcoin has dramatically pushed over the last
year.2 This has also led to the growing of Bitcoin mining
up to industrial scales. The market of mining is similar
to that of the data center industry and has witnessed
the rise of startups producing the necessary equipment
and setting installations in locations with favorable
climate conditions or with low-cost electricity to cool
overheated equipment3 (FIG. 1).
Why Bitcoin mining is so energy consuming? Each
block of Bitcoin transactions must be encoded in an
iterative process called ‘cryptographic hashing.’ Every
block contains the hash of the preceding block, thus each
block has a chain of blocks that together contain a large
amount of work. In order for a block to be accepted by
network participants, miners must complete a proof of
work which covers all of the data in the block.4 Proof
of work in Bitcoin mining is deliberately designed to
be computationally intensive and it consumes lots of
energy; as it is extremely expensive to create blocks
that won’t be backed nor rewarded by the network, this
feature is aimed at preventing fraud.

02-04-18 3:32 p.m.

Don’t forget that computers are basically engines that
transform energy into waste heat and mathematical
work (Bennett, 1982). In addition to the ecological
footprint of their fabrication, we should consider the
energy that makes them work, and the material basis
that makes all this possible, as “no agent can create
the material on which it works. Nor can capital create
the stuff out of which it is made” (Georgescu-Roegen,
1979). The digital world runs on electricity which,
given our current consumption patterns, rely mainly
in fossil fuel consumption (Ritchie & Roser, 2018). As
a result of that, the simplest digital task has a real
carbon footprint (table 1).
In addition to Bitcoin mining massive energy
consumption, we have the material basis that fuels
the network. The main Bitcoin mining operations are
based in China (58 %) where electricity is available
at very low rates, mainly based on coal-fired power
plants, followed by the u.s. with 16 % (Hileman &
Rauchs, 2017). More recently Georgia and Iceland have
emerged as Bitcoin-friendly countries, relying on their
hydropower and geothermal potential, as well as more
favorable climatic conditions for cooling operations.
There are several accountabilities underway trying
to figure out as approximate as possible the energy
consumption of Bitcoin production. Initiatives like
the Economist’s Bitcoin Energy Consumption Index,5
or the Blockchain Charts6 monitor and update data
about its energy consumption and costs, while at
the same time, make comparatives to nation-state
electricity spend.
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“The digital world runs on
electricity which, given our current
consumption patterns, rely mainly
in fossil fuel consumption. As a
result of that, the simplest digital
task has a real carbon footprint.”

FIG 2 Consumo de
energía de Bitcoin
en relación a un país.
Bitcoin Energy
Consumption as if a
Country. January 2018.
Fuente / Source:
Digiconomist
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There is no consensus on how the Bitcoin energy
consumption calculations are made. Some analyses
take into consideration the network ‘hashrate’, but
it’s practically impossible to know exactly what does
it mean in terms of energy consumption as there is no
a centralized register with all active machines mining
and the means they use to cool down systems and
network gear. In this article, we will refer to the Bitcoin
Energy Consumption Index which accurately relates
miner incomes and operational costs. Their advocates
argue that the higher the mining revenues are, the more
energy-hungry machines that can be supported.7
To the day this text was written, it was estimated
that the energy consumption of Bitcoin mining was
around 50.88 TWh, which means a carbon footprint of
24,930 kt of CO₂.8
These numbers are so huge that it is difficult to
have a realistic idea of what they represent. A common
approach is to compare the Bitcoin mining consumption
with the amount of energy spent by countries. Thus, in
2017 it was estimated that Bitcoin energy consumption
was higher than the consumption of 159 countries,
based on a report by the International Energy Agency.9
If Bitcoin were a country, its 50.88 TWh of energy
consumption would be higher than the yearly energy
consumption of Portugal, just behind Uzbekistan, as
shown in figure 2.

Eat your Bitcoins
As a thought experiment, we propose to think of
Bitcoins in terms of food. It’s obvious that we cannot
eat them, but what if the resources devoted to its
production were relocated towards the production
of food? We won’t delve into the environmental
convenience of current food production methods, but

TABLA/TABLE 2 Emisiones
de CO₂ de la producción de
alimentos y equivalente con
emisiones por minado de
Bitcoins.
CO2 emissions in food
production and food
production with Bitcoin
energy consumption.
Fuente / Source: Food’s
Carbon Footprint
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Ranking
Rank

Comida (1kg)
Food (1kg)

Emisiones CO2/ Kg
CO2 emissions per kg

Toneladas de comida con emisiones de CO2 de Bitcoin
Tons of food with Bitcoin CO2 emissions

1

Cordero / Lamb

39,2

2

Res / Beef

27

923.333

3

Queso / Cheese

13,5

1.846.667

4

Cerdo / Pork

12,1

2.060.331

5

Pavo / Turkey

10,9

2.287.156

6

Pollo / Chicken

6,9

3.613.043
4.086.885

635.969

7

Atún / Tuna

6,1

8

Huevos / Eggs

4,8

5.193.750

9

Papas / Potatoes

2,9

8.596.552

10

Arroz / Rice

2,7

9.233.333

11

Frutos secos / Nuts

2,3

10.839.130

12

Porotos, tofu / Beans, tofu

2

12.465.000

13

Vegetales / Vegetables

2

12.465.000

14

Leche / Milk

1,9

13.121.053

15

Fruta / Fruit

1,1

22.663.636

16

Lentejas / Lentils

0,9

27.700.000

03-04-18
5:33 09:30
p.m.
04-04-18

Menos de 10% / Under 10%
10 - 30%
30 - 50%
50 - 70%
70 - 90%
90 - 110%
110 - 150%
150 - 200%
200 - 300%
300% y más / 300% and more

simply compare what would we have achieved if instead
of mining Bitcoins we would have produced food. When
talking about ecological footprint, studies often refer
to the CO₂ emissions from a certain activity – this
index makes reference to the area of forest necessary
to absorb the CO₂ generated by energy consumption,
either directly or to produce the goods of consumption
of a certain population or by certain transformation
process. Focusing on consumption patterns and taking
as an example the consumption of meat, we have that
to produce 1 kg of lamb meat, around 39.2 kg of CO₂
are issued. We could relate this to the annual data from
Bitcoin mining:

FIG 3 Consumo mundial
de energía eléctrica
por minado de Bitcoin
en comparación con
el consumo de energía
eléctrica de cada país.
Global Bitcoin Mining
consumption compared to
each country’s electricity
consumption.
Fuente / Source:
powercompare.co.uk/
bitcoin

24,930,000,000 kg / 39.2 kg = 635,969,387 kg of lamb
meat = 635,969 tons

Table 2 shows the greenhouse gas emissions
produced by one kg of various food products. It
includes all the emissions produced along the whole
process, including those generated in the farm, in the
factory, on the road, in the shop and at home. Meat,
cheese and eggs have the highest carbon footprint;
while fruit, vegetables, beans and nuts have much
lower values.10 The table also shows the tons of
food that the same energy consumption would have

“These numbers are so huge that it is
difficult to have a realistic idea of what they
represent. A common approach is to
compare the Bitcoin mining consumption
with the amount of energy spent by
countries. Thus, in 2017 it was estimated
that Bitcoin energy consumption was higher
than the consumption of 159 countries.”
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Vernacular Hakka house, China

Eiffel Tower, France

The Watercube, China

Twin Towers, usa

cctv
Headquarters, China

Burj al Arab, Dubai

36.000

45.000

9.000

200.000

7.300

123.750

6500

0,0

Toneladas de CO₂ por causa del acero
Tons of CO₂ due to steel

55.800

69.750

13.950

310.000

11.315

191.812

10.075

0,0

Número de edificios con Bitcoin CO₂
Number of buildings with Bitcoin CO₂

447

357

1.787

80

2.203

130

2.474

0

1 ton acero

1 steel ton

The Nest, China

Viaduc de Millau, France

B a r ao n a — R e y e s

Toneladas de acero en su construcción
Tons of steel in construction

FIG 4 Consumo de acero
y emisiones de CO2 de
algunos edificios icónicos.
Steel consumption and tons
of CO2 emissions of some
iconic buildings.

produced, if instead mining Bitcoins it would have
been used for food production.
It’s difficult to get the sense of bulk numbers of
tons of food shown above. According to fao11 the
production of rice in Central America for 2016 was
1,216,683 tons; considering CO₂ emissions, Bitcoin
mining consumption would produce 7.5 times that
number. If we talk about beef, the amount would be
enough to cover Colombia (818,318 t) and Panama
(70,999 t) together, or 4 times the Chilean production
(215,266 t). The data is surprising if we consider whole
milk production in the American continent for 2014,
which was around 260,000 tons. According to the data
above, Bitcoin emissions would be the equivalent to
the emissions of producing whole milk for 50 American
continents. If we talk about lentils, then we have that
the world production for 2016 was 6,315,858 tons, so
the same amount of CO₂ emission of Bitcoin mining
would provide 4.4 times the production of lentils to
the entire world.

Build with Bitcoins
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Another illustrative approach would be to compare
the CO₂ emission of Bitcoin mining with those of the
materials used in construction. We don’t intend to
make an exhaustive life-cycle analysis but just show
as graphically as possible that such digital activity has
a series of hidden environmental costs which are not
being discussed in depth yet.
To show this, we will rely on the carbon dioxide
intensity ratio (cdir) proposed by MacMath and
Fisk, which is defined as the ratio between the net
upstream CO₂ impact (emissions minus storage) of

02-04-18 3:32 p.m.
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a material and the weight of the material. Following
their classification, it appears that most metal,
synthetic, organic, and ceramic building materials are
net sources of CO₂ emissions, while natural organic or
biomass building materials appear to be net CO₂ sinks.
This is due to their capacity to absorb CO₂ (MacMath
& Fisk, 2000).
If we take the cct v Headquarters building in
China by oma, we have that 123,750 tons of steel
were used for its construction (Baraona Pohl, 2008),
which would represent 191,812 tons of CO₂ according
to the cdir ratio. Then, if we apply the same simple
arithmetic formula for tons of emissions, then we
would have the following:

FIG 5 Emisiones de
CO2 de la producción
de cemento en 2016.
CO2 Cement emissions
in 2016. Fuente / Source:
Global Carbon Project

24,930,000 t / 191,812 t = 130 CCTV buildings

In the case of the Burj al Arab building in Dubai, with
13,950 tons of CO₂ due to steel, the result of the same
equation would be 1,788 buildings. In the case of
vernacular architecture, like Hakka walled houses in
China, the comparison is practically impossible due to
their near to zero carbon emissions.
The comparisons become more striking if instead
of iconic architecture, we refer to housing. If we
estimate that the carbon footprint of a new house in
the uk is 80 tons of CO₂ (Berners Lee, 2018), then we
would be able to build 311,625 units. If we go further
and consider the emissions of a low carbon house
with A certification (10.1 kg CO₂/m2 year),12 Bitcoin
emissions would amount to 33 million houses of 75m2.
If we talk in terms of cement, we can also draw
more striking conclusions. Following data from to
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the Global Carbon Atlas, the Bitcoin footprint is
higher than the CO₂ cement emission of the Russian
Federation (21,000 kt) in 2016. If included in this
table, Bitcoin would rank number 13, just after Iran,
with (26,000 kt).13
Referring to national database sources presents
some difficulties, as the emissions resulting from
extraction and transport may substantially differ
from one place to another. Primary production
and the use of recycled products are also factors
to take into account. This is why this kind of
comparisons should be only taken as a pedagogical
tool to communicate in a graphical way alternative
interpretations of Bitcoin mining, which are mainly
broadcasted by their economic profitability. The
figures above foster a different understanding of the
massive amount of emissions devoted to an activity
that, however promising, has a scarce application in
daily life activities.

Money is the easy part
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We have seen that one of the main characteristics
of Bitcoin cryptonetwork is that it is high energy
consuming. It’s clear that mining Bitcoins is an activity
reserved for the very few who control immense
computing power, as the proof of work system
demands infrastructure and electricity expenditures
that are prohibitive for domestic peers. On the other
hand, it’s not clear that its use as an alternative
currency and payment system will be undoubtedly
adopted for retail transactions, especially because the
process of setting up a wallet, acquiring Bitcoins and
find retailers willing to accept them is an unwieldy
process.14 What exactly is happening in the fields of
economy, hacking, and social and digital innovation, if
a tool that didn’t effectively succeed as a currency is
still triggering so much attention? Should we accept
that the thermodynamic cost of Bitcoin has simply
placed it in the Olympus of expensive toys, whimsically
developed by humankind, like cars and weapons?
Maybe we shouldn’t understand Bitcoin and its
sibling cryptocurrencies just as a new kind of money,
something that capitalism’s inertia has made us
think with greedy enthusiasm. “Abstracted from the
question of value exchange, the blockchain offers
us a tool of surprisingly broad utility that we didn’t
know we needed, and didn’t even have a language
to properly describe, until it was dropped in our
laps” (Greenfield, 2017). The idea of a distributed
autonomous organization latent in blockchain has
powerful implications. We might disagree with Mark
Fisher (2009) when he noted that: “not only capitalism
is the only viable political and economic system, but
also it is now impossible even to imagine a coherent
alternative to it.”
If we get rid of the monetary function as the
leitmotif of these decentralized systems, we can
substitute the high energy demanding proof of
work, which is mainly an economic protection
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“If we get rid of the monetary function
as the leitmotif of these decentralized
systems, we can substitute the high
energy demanding proof of work, which
is mainly an economic protection
measure. Then, we can focus on the
emergence of trust infrastructures,
distributed governance and
decentralized ways of collaboration
built on blockchain concepts.”

measure. Then, we can focus on the emergence
of trust infrastructures, distributed governance
and decentralized ways of collaboration built on
blockchain concepts. Initiatives powered by blockchain
technology like foam, doma, and Phi are examples of
some of the possibilities of decentralized autonomous
organizations with specific spatial manifestations in
urban and rural contexts.15 The implications of this
new kind of assembles surpass many of the institutions
we see as immutable, as state nations or supranational
financial authorities. The new set of concepts
including ‘smart contracts,’ ‘non-human peers,’
‘autonomous consensus,’ or ‘distributed benefits’
shouldn’t make us forget that there are always hidden
fluxes that make our human constructions work.
Energy is important, but so is the material base that
sustains it, and we cannot abstract ourselves from the
thermodynamic cost of our stuff and the tools to make
it. The series of concepts and tools we are developing
might be difficult to manage by a single mind, but
we are also exploring the power of the collectivity to
adjust their dissonances. ARQ
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Notas / Notes
1

2

3

4
5
6
7
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9
10
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Bitcoin protocol was described in an academic paper written in 2008
by a developer under the name of Satoshi Nakamoto. It was intended
to be a peer-to-peer electronic cash system that was secure,
affordable, and more efficient than conventional banking standards.
The system was developed into open-source software and the first
Bitcoin transaction (also known as the Genesis Block) was confirmed
on January 3, 2009.
By early 2017, the exchange rate per btc was around usd$ 900, it
reached its peak in December 17th, hitting the usd$ 20,000 mark. Its
considerable volatility has mixed rapid growth with sudden declines
in the last year and currently is set around usd$ 10,000.
For instance, the Moonlight Project, set to begin in August 2018,
seeks to operate several industrial-scale data centers in the CryptoCurrency Mining industry, relying in Iceland climatic conditions and
using hydro, geothermal, and wind sources. See: <https://www.
moonlite.io> However, the heart of Bitcoin mining is now in China
with some of the cheapest electricity prices in the world, where coal
plants fuel farms of application-specific integrated circuits (a sics),
which are specifically designed for the task of computing the Bitcoin
hashing algorithm.
Proof of Work. BitcoinWiki. <https://en.bitcoin.it/wiki/Proof_of_
work> Accessed February 20, 2018
<https://digiconomist.net/bitcoin-energy-consumption> Accessed
February 16, 2018
<https://blockchain.info/charts> Accessed February 16, 2018
“Bitcoin Electricity Consumption: An Economic Approach.” <https://
digiconomist.net/bitcoin-electricity-consumption> Accessed
February 21, 2018
Major energy production or consumption is often expressed as
terawatt hours (t wh) for a given period that is often a calendar year
or financial year. A 365-day year equals to 8,760 hours, therefore,
over a period of one year, a power of one gigawatt equates to 8.76
terawatt hours of energy. Conversely, one terawatt hour is equal to a
sustained power of approximately 114 megawatts per year.
<https://www.iea.org/>
Food’s Carbon Footprint. <http://www.greeneatz.com/foodscarbon-footprint.html> Data extracted from the Environmental
Working Group (e wg) partnered with CleanMetrics Corp, refers
to CO₂ emission of food production in u.s. in 2011 and include
the following processes: Production and transport of ‘inputs,’ the
materials used to grow crops or feed animals, on-farm generation
of ghg emissions, on-farm energy use, transportation of animals
and harvested crops, processing, refrigeration, cooking, retail and
consumer waste. Food production with less intensive inputs would
show an even more dramatic contrast.
faostat. Food and Agriculture Organization of the United Nations.
<http://www.fao.org/faostat/en/#data/QC> Accessed February
21, 2018
idae. Instituto para la Diversificación y Ahorro de la Energía. Escala
de calificación energética para edificios de nueva construcción. 2009
<http://www.globalcarbonatlas.org/en/CO2-emissions>
In August 2013 we opened a sale space for people to purchase
our books using Bitcoins. The total amount collected
was 0. <https://archinect.com/firms/release/9215461/
no-money-you-can-buy-our-e-books-with-bitcoins/79834053>
foam <https://www.foam.space/> builds spatial protocols that
bring geospatial data to blockchains. doma <http://doma.city> is
a proposal for a non-profit housing cooperative that brings smart
contracts to real estate business. Phi <https://phi.is/> proposes
decentralized energy systems. The last two are outcomes from
the New Normal Education Programme of the Strelka Institute
for Media, Architecture and Design, both selected by the Future
Architecture platform among highlighted emergent creatives.
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