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Extract Data

Chapter 1

Related Folder : Document-2020\Chaptre-1\N1-Extract-Data 



Extract Data
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Steps :

1- Write python script that 

download the data related to the 

bitcoin mined blocks

The Script download the following Information :

height, version, mrkl_root, timestamp, bits, nonce, hash, prev_block_has

h, next_block_hash, size, pool_difficulty, difficulty, tx_count, reward_bloc

k, reward_fees, created_at, confirmations, is_orphan, curr_max_timesta

mp, is_sw_block, stripped_size, weight, Mining_pool, miningpool_url



Extract Data
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Result :
All information related to the

Bitcoin mined block are download

ed for the following years:

- 2015

- 2016

- 2017

- 2018

- 2019

- 2020 



Estimation the energy 
consumption of Bitcoin

Chapter 2

Related Folder : Document-2020\Chaptre-1\N2-EnergyConsumptionOfCountries
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References :

1- randi21.csv database listing the processors currently used for mining.

-Bendiksen, C.; Gibbons, S.; Lim, E. The Bitcoin Mining Network - Trends, Marginal Creation Cost, Electricity Consump

tion & Sources. Coin Shares Research & Three Body Capital; 2018.

The types of equipment included in the model are taken from Bendiksen et al.23 79.9% of the miners mod

eled are Antminer S9, 7.6% Avalon 841, 6.7% Ebang E10, and the remaining 5.8% are modeled as other 

machines. Details on the methodology used to derive these values are provided in SI Section 4.

- Köhler, Susanne, and Massimo Pizzol. "Life Cycle Assessment of Bitcoin Mining." Environmental Science & Technolo

gy 53.23 (2019): 13598-13606.
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References :

1- Katie_TableS2 list of comp

anies doing mining and the CO2e e

mmisions of electricity generation in t

heir claimed countries.

Mora, Camilo, et al. "Bitcoin emissions alone could push global warming above 

2 C." Nature Climate Change 8.11 (2018): 931-933.
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Steps :

1- Load Required Data  :

-Load database containing all blocks mined in 2020

-Load database listing the processors currently used for mining

-Load list of companies doing mining and the CO2e emissions of e

lectricity generation in their claimed countries

2- Process  loaded Data  :

- Convert units from giga hashes to hashes

- Convert units Megahashes per jule to hashes per J

-Estimate total number of hashes



Estimation the energy consumption of Bitcoin
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Steps :

3- Calculate Carbon emissions of electricity generation in the countries o

f Bitcoin mining companies:

-Select a list of processors equal o the number of blocks

-estimate total Jules of the block

-estimate carbon emissions from the given block in Ggtons of Carbon.

4- Displays Results:

- Energy Per Hashes Per country  (WattHour/MegaHashes)

- Mean emissions per country

- Percentage Mean emissions per country

- Standard deviation for emissions per country

- Mean energy consumption per country

- Standard deviation for energy consumption per country



Estimation the energy consumption of Bitcoin

Result :  Example 2019

07
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Result :

Years Energy consumption TWh

2015 0.152092

2016 1.228189

2017 4.976362

2018 22.46275

2019 38.90745

2020 55.57515

Estimation  the energy consumption 

De Vries, A. 22−67 TWh/yr (mid-March 

2018)

Köhler, Susanne, and Massimo Pizzol  

31,29 TWh/yr (mid-March 2018)

43 TWh/ yr (October 2018)

TWh/yr (November 2018)

6452 TWh/yr (average of 2018)

39−83 TWh/yr (mid-November 2018)

105.82 TWh/yr (29 July 2018).
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Result :

% China Finland Georgia Iceland India Sweden U.S Global

2015 59.75 4.53 4.53 4.53 - - 19.47 6.71

2016 64.27 3.27 3.27 3.27 1.267 0.39 15.29 8.86

2017 71.89 1.89 1.89 1.89 2.52 - 9.45 10.23

2018 70.24 0.9 0.9 0.9 0.28 - 9.39 17.35

2019 71.25 1.76 1.76 1.76 - - 11.52 11.92

2020 75.945 0.27321 0.27321 0.27321 - - 16.112 7.122



Estimation of carbon footprint 
for electricity generation by 
sector

Chapter 3

Related Folder : Document-2020\Chaptre-2\N1-MRIO-LCSAModel
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Steps :
we calculate the carbon footprint 

impacts of the regional and intern

ational supply chains. A Python p

rogramming language was used t

o carry out all matrix operations o

f big matrix data and sectorial mu

ltipliers for ten energy sources



Estimation of carbon footprint for electricity generation by  sector
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Result :
Screenshot of the part generated f

ile that contains greenhouse gas e

missions caused by electricity gen

eration in China (The table involve

s all the global supply-chain sector

s involved electricity generation in 

China)



Carbon Footprint for Electricity 
Generation of the Bitcoin-mini
ng countries

Chapter 4

Related Folder : Document-2020\Chaptre-2\N2-EstimationtheC.F.P.ElectricityCountry



Carbon Footprint for Electricity Generation 
of the Bitcoin-mining countries Footprint for

Electricity Generation by country

Chapter 2 / N2-EstimationtheC.F.P.Bitcoin / China

CHINA
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Steps :

64,6%

16.9%

5.4%

4.6%
3.3%

3.0%
1.4%

0.4%
0.3%

Electricity 
Generation

in China

  Coal (65%)

Hydro (17%)

Wind (5.4%)

Nuclear (4.6%)

Natural gas (3.3%)

Solar (3%)

Biomass (1.4%)

Pumped storage hydro
(0.4%)
Other thermal (0.3%)

Source of electricity Electricity generation

(%)

Coal 64.6%

Hydro 16.90%

Wind 5.40%

Nuclear 4.60%

Natural gas 3.30%

Solar 3%

Biomass 1.40%

Pumped storage hydro 0.40%

Other thermal 0.30%
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China Price Electricity :

Des /Country India China USA Finland Sweden Iceland Georgia

Price In Euro 0.02 0.05 0.075 0.144 0.128 0.088 0.04

Value 0.868 0.813 0.647 0.365 0.016 0.017 0.08

Steps :



Carbon Footprint for
Electricity Generation by country
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Total = 0,64 X Coal + 0,031 X Natural gas  + 0,042 X Nucl

ear +0,171 X Hydro + 0,052 X Wind +0,025 X Solar + 0,01

3 X Biomass

Carbon Footprint  = Total X Cost 1 kWh

Carbon Footprint  = 0.81 kgCO2/kWh

Steps :



Carbon Footprint for
Electricity Generation by country
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Result : China Carbon Footprint by Sector



Carbon Footprint for
Electricity Generation by country
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Result : China Carbon Footprint by Country



Estimation of Carbon Footprint 
of Bitcoin Equipment

Chapter 5

Related Folder : Document-2020\Chaptre-2\N3-CarbonFootprintofBitcoinEquipment
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Mining Hardware Percentage Hash Rate (Ghash/s) Consumption (GWh)

AntMiner S9 79.9 % 14,000 1.38E-06

Avalon821 7.6.% 11,000 1.2E-06

Ebit E10 6.7% 18,000 1.62E-06

Others 5.8 % 23,260 1.83E-06

List of Bitcoin processing hardware and their electricity consumption

Steps :



Estimation of Carbon Footprint of Bitcoin Equipment

18

Average Hashrate

(TH/s)
Number Equipment Value (M. USD)

2015 405341 28,453.4 33.44 

2016 1,532,974 107,609.0 126.45 

2017 6,306,453 442,689.6 520.21 

2018 36,403,242 2,555,372.6 3,002.86 

2019 67,023,852 4,704,825.9 5,528.72 

2020 119,864,038 8,414,011.1 9,887.44 

Steps :
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Carbon Footprint of Mining Equipment

Years Carbon Footprint of Mining 

Equipment 

Per Transaction (KgCO2)

Total Carbon Footprint of Mining 

Equipment (MTCO2)

Per year 

2015 0.50 0.02288
2016 1.09 0.08934
2017 3.11 0.32184
2018 23.84 1.947067
2019 30.50 3.661283
2020 53.36 6.006096

Result :



Estimation of Carbon Footprint 
of Bitcoin energy consumption 
by country

Chapter 6

Related Folder : Document-2020\Chaptre-2\N4-CarbonFootprintofEnergyconsumptionOfBitcoin



Carbon Footprint of Bitcoin by country
(Document : Result-1)
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The number of transactions mined per year (Example 2019)  :

Date Number of transaction Total Number of Transaction

per year

1/2/2020 489274895 120034648

1/1/2019 369240247  

Steps :



Carbon Footprint of Bitcoin by country
(Document : Result-1)
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Average energy consumption per transaction:

Steps :

𝐴𝐸𝐶𝑇𝑟𝑖,𝑡 =
𝐸𝐶𝑖,𝑡
𝑇𝑟𝑖,𝑡

Where, 𝐴𝐸𝐶𝑇𝑟𝑖,𝑡 is annual electricity consumption per transaction in country i in ye

ar t. 𝐸𝐶𝑖,𝑡 is the total annual electricity consumption for bitcoin mining country i in y

ear t. 𝑇𝑟𝑖,𝑡 is total annual number transaction in country i in year t.

The average energy consumption per transaction for 2019 as follows:

𝐴𝐸𝐶𝑇𝑟𝑡𝑜𝑡𝑎𝑙,2019= 120034648 / 38.90745272 

𝐴𝐸𝐶𝑇𝑟𝑡𝑜𝑡𝑎𝑙,2019= 3.24135E-07 (TWH) per transaction

𝐴𝐸𝐶𝑇𝑟𝑡𝑜𝑡𝑎𝑙,2019= 324.14 (kWh) per transaction



Carbon Footprint of Bitcoin by country
(Document : Result-1)
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Average energy consumption per transaction:

Steps :

𝐴𝐸𝐶𝑇𝑟𝑖,𝑡 =
𝐸𝐶𝑖,𝑡
𝑇𝑟𝑖,𝑡

Where, 𝐴𝐸𝐶𝑇𝑟𝑖,𝑡 is annual electricity consumption per transaction in country i in ye

ar t. 𝐸𝐶𝑖,𝑡 is the total annual electricity consumption for bitcoin mining country i in y

ear t. 𝑇𝑟𝑖,𝑡 is total annual number transaction in country i in year t.

The average energy consumption per transaction for 2019 as follows:

𝐴𝐸𝐶𝑇𝑟𝑡𝑜𝑡𝑎𝑙,2019= 120034648 / 38.90745272 

𝐴𝐸𝐶𝑇𝑟𝑡𝑜𝑡𝑎𝑙,2019= 3.24135E-07 (TWH) per transaction

𝐴𝐸𝐶𝑇𝑟𝑡𝑜𝑡𝑎𝑙,2019= 324.14 (kWh) per transaction



Carbon Footprint of Bitcoin by country
(Document : Result-1)
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Average number of transactions mined per country:

Steps :

𝐴𝑁𝑇𝑟𝑖,𝑡 = 𝑇𝑟𝑖,𝑡 ×𝑀𝑃𝑟𝑖,𝑡

Where, 𝐴𝑁𝑇𝑟𝑖,𝑡 is average number of transactions mined in country i in year t. 

𝑇𝑟𝑖,𝑡 is total annual number transaction mined in country i in year t. 𝑀𝑃𝑟𝑖,𝑡 is t

he mining percentage in country i in year t.

For example, we calculated the average number of transactions mined in 2019 

in China as follows:

𝐴𝑁𝑇𝑟𝐶ℎ𝑖𝑛𝑎,2019= 120,034,648 *0.72 = 85533777.22 Transaction



Carbon Footprint of Bitcoin by country
(Document : Result-1)
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Annual Carbon footprint of Bitcoin energy consumption per country 
per transaction

Steps :

𝐴𝐹𝐸𝐶𝐵𝑀𝑇𝑟𝑖,𝑡 = 𝐴𝐸𝐶𝑇𝑟𝑖,𝑡 × 𝐺𝑊𝑃100𝑒,𝑖

Where 𝐴𝐹𝐸𝐶𝐵𝑀𝑇𝑟𝑖,𝑡 is annual carbon footprint from electricity gene consumption r

ation of the bitcoin-mining in country i in year t per transaction per kWh.  𝐴𝐸𝐶𝑇𝑟𝑖,𝑡 i

s annual electricity consumption  per transaction in country i in year t. 𝐺𝑊𝑃100𝑒,𝑖 is 

GWP100 of electricity generation e in country i.

As an example, the annual carbon footprint of Bitcoin energy consumption per tran

saction mined in China for 2019:

𝐴𝐹𝐸𝐶𝐵𝑀𝑇𝑟𝐶ℎ𝑖𝑛𝑎,2019 = 324.1351839 *0.813166656 = 263.5759237 (kWh) per trans

action



Carbon Footprint of Bitcoin by country
(Document : Result-1)

25

Annual Footprint of electricity needed for mining Bitcoin per 
Country

Steps :

𝐴𝐹𝐸𝐶𝐵𝑀𝑖,𝑡 = 𝐴𝐹𝐸𝐶𝐵𝑀𝑇𝑟𝑖,𝑡 × 𝑇𝑟𝑖,𝑡

Where 𝐴𝐹𝐸𝐵𝑀𝑖,𝑡 annual carbon footprint from electricity consumption of the bitcoi

n-mining in country i in year t per kWh.  𝐴𝐹𝐸𝐺𝐵𝑀𝑇𝑟𝑖,𝑡 is annual carbon footprint fr

om electricity generation of the bitcoin-mining in country i in year t per transaction. 

𝑇𝑟𝑖,𝑡 is total annual number transaction in country i in year t

For example, we calculated the average number of transactions mined in China in 

2019 as follows:

𝐴𝐹𝐸𝐶𝐵𝑀𝐶ℎ𝑖𝑛𝑎,2019= 85533777.22 * 263.5759237

= 22544644334.45 kWh



Global Warming Potential per kWh of electricity generation
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Des /Country India China USA Finland Georgia

Value 0.868103 0.813167 0.647817 0.365052
0.080715

Des /Country Iceland Sweden

Value 0.017168 0.016335747

Result :



Carbon Footprint of Bitcoin energy consumption 
by country
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Result :

0

5

10

15

20

25

30

35

40

45

50

2015 2016 2017 2018 2019 2020

To
ta

l G
W

P
 p

e
r 

ye
ar

 (
M

tC
O

2
-e

q
v.

)

China Finland Georgia

Global Iceland U.S.

India Sedewen Total



Carbon Footprint of Bitcoin energy consumption 
by country

28

Result :
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Result : Example China by Country
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Result : Example China by sector



Estimation of Carbon Footprint 
of Bitcoin Mining

Chapter 7

Related Folder : Document-2020\Chaptre-2\N5-CarbonFootprintOfBitcoinMining
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Results : Carbon Footprint of Bitcoin Mining = Carbon Footprint of Bitcoin 
energy consumption  + Carbon Footprint of Bitcoin equipment
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Carbon Footprint of Bitcoin Mining = Carbon Footprint of Bitcoin 
energy consumption  + Carbon Footprint of Bitcoin equipmentResults :
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Result : Example China by Country
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Result : Example China by Sector
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