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• !"
• MSc Environmental Science
• PhD in Planning and development 
• Research domain: industr ial ecology 
The study of material and energy f lows across industr ial systems 
and the environment

• Research focus: l i fe cycle assessment
I  make models so say how good/bad a product is for the 
environment, “al l- inclusive”

Who is this guy?
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Wine is good 
…for research



Bitcoin – a life cycle perspective

• Bitcoin requires mining👇
• Mining requires electricity 👇
• Producing el generates impact😢
• Mining grew >500% since January 2018 
😱😱😱…

• And therefore…



Bitcoin – an environmental disaster?



Other claims* about Bitcoin mining…

• …uses more energy than mining gold🏆

• …is equal to Switzerland’s energy consumption%

• …will use all the world’s energy by 2020 🌍

• …will be alone responsible for not reaching the Paris Agreement'

*refs in Köhler and Pizzol, 2019



• Bitcoin 22-63 Mt (17 in our own study)
• Danish people 50-60 Mt (depends how you count…)
• Coca Cola 2.2 Mt (their own report)
• Amazon 51.17 Mt (their own report)

Some perspective, CO2-eq of

Why aren’t media saying that Amazon will burn down the world?
Are these comparisons meaningful?

Is this impact a problem?

https://sustainability.aboutamazon.com/environment/sustainable-operations/carbon-footprint 
https://www.coca-colacompany.com/news/reducing-carbon-in-our-value-chain



• Assumptions and “back on the 
envelope” calculations (e .g .  wor ld  
average impact /kWh,  70% of  m iners  in  Ch ina  
and the  res t  impact  f ree)

• No standard method and data, 
not (always) peer-reviewed

• Previous results: 22-63 MtCO2-
eq/yr (S to l l  e t  a l .  2019;  D ig iconomis t 2019;  

McCook 2018)  but hardly comparable

Previous Bitcoin carbon footprint estimates



• “function” of Bitcoin? comparability…

• Bitcoin vs financial services? blocks ≠ transactions

• High energy = high impact? renewables…

• Where are miners? yesterday, today, in 5 years…

• Electricity only? machine production…

Carbon footprint, not as simple as you would like it to be!



• Media: alarmist claims

• Academia: contrasting results

Two overall problems





• Can we improve the validity 
of this analysis? use 
established methodology: 
LCA & databases

• What are hotspots of Bitcoin 
mining?

• What will the future impact of 
Bitcoin be?

Our work



• Location of miners à l iterature 
meta-analysis and scenarios

• Energy efficiency of equipment 
à sensitivity analysis

• Background system (and 
uncertainty) à ecoinvent (10000 
activities) and Monte Carlo

Bitcoin Mining changes all the time!



Function

WHAT should 
the product 

do?

The basis for comparing products

Functional
Unit (FU)

HOW MUCH 
of 

FUNCTION 
should be 
provided?

Reference 
flow (RF)

HOW MUCH 
of PRODUCT 
is needed to 
provide the 
function? 

Computing 1 THComputing Electricity + machines



Functional unit

❌ Transactions, one block can include many
❌ Blocks, are variable
❌ Hashrate variable too, no comparisons between studies 
at different points in time
✅ Computing 1 TH can then be linearly upscaled to obtain 
the impact of Bitcoin for a given period according to the 
actual hashrate



Retrospective model
(attributional)

• Locations

• Machines

• Bg database with 
average techs 
(e.g. average 
energy mix per 
country)



What is a background database?

• (v ideo of  spaghet t i  monster )



Location of miners
(retrospective model)

Miners locations as 
2018 (own estimate 
based on triangulating 
different literature 
sources)



Carbon footprint (retrospective model)

31.29 TWh in 2018      15 mgCO2-eq / TH       17.28 MtCO2-eq in 2018

Impact linear rel. with hashrate
(model! reality is more complex)



Mining versus footprint share
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Sensitivity to electricity mix
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Prospective model (consequential)

• Functional unit increase in demand for computing 1 additional TH

• BAU scenario bg database with marginal techs (modern only)

• New tech scenario only most efficient mining equipment

• New tech & locations scenario only locations with competitive 
conditions (e.g., lower energy prices and temperatures)



Prospective scenarios (consequential model)
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•Major impact drivers: location and mining efficiency

•Hashrate expected to👆, impact/TH 👇

•Further research: 
• Increase geographical  accuracy via expert interviews and surveys

• From mining to ent i re Bi tcoin network (nodes, but not expected to be 
major)

Wrap-up on mining and outlook



• We see hotspots (relative contr ibutions to impact)

• We see absolute energy consumption (substantial!)😱

• Miners wil l  move to locations with cheap electr ici ty. Can be 
unused electr ici ty from hydro (Sichuan), but also cheap electr ici ty 
from coal (Inner Mongolia)

Why is this useful?



• Plattsburg (New York):  miners f locking to a ci ty wi th cheap electr ic i ty 👉
increase i ts energy consumption 👉 to ci ty is no longer able to provide 
cheap electr ic i ty 👉 has to import i t  f rom elsewhere

= miners shi f t  the environmental  impact to other users 

• True improvement miners establ ished new capaci ty of renewable energy 
product ion ✅ (= their  own wind turbine) 

= green marginal  (= due to addi t ional  demand) electr ic i ty consumption

Why is this useful?



Couldn’t we 
just “mine” 
Bitcoin in 
another way? 

The elephant in the room
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