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ABSTRACT	

	 The	 carbon	 footprint	 of	 Bitcoin	 has	 drawn	 wide	
attention,	 though	 Bitcoin’s	 long-term	 impact	 on	 the	
climate	 remains	 uncertain.	 In	 this	 paper,	we	present	 a	
framework	that	leverages	some	fundamental	concepts	in	
energy	 economics	 and	 finance	 to	 overcome	
uncertainties	in	previous	estimates	and	project	Bitcoin’s	
worldwide	electricity	consumption	and	carbon	footprint	
in	the	long-term.	If	Bitcoin’s	future	market	capitalization	
growth	rate	in	the	long-term	is	assumed	to	fall	within	the	
range	 of	 historical	 growth	 rates	 of	 several	 comparable	
mainstream	 financial	 assets,	 we	 find	 that	 the	 annual	
electricity	consumption	of	Bitcoin	may	increase	from	190	
to	7,500	TWh	between	2021	and	2100.	The	future	carbon	
footprint	 of	 Bitcoin	 strongly	 depends	 on	 the	
decarbonization	pathway	of	the	electricity	sector.	If	the	
electricity	 sector	 achieves	 carbon	 neutrality	 by	 2060,	
Bitcoin’s	annual	carbon	footprint	will	peak	in	2023,	with	
cumulative	 emissions	 of	 about	 1	 GtCO2	 by	 2100.	
However,	 in	 the	 business-as-usual	 scenario,	 emissions	
sum	 to	 a	 staggering	 30	 GtCO2	 through	 2100— the	
equivalent	of	total	global	emissions	from	2019.	In	light	of	
these	 results,	 we	 discuss	 implications	 for	 policy	 in	
reducing	Bitcoin’s	future	carbon	footprint.	
	
Keywords:	 Bitcoin;	 Electricity	 consumption;	 Emissions;	
Policy	implication	
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1. INTRODUCTION	
Bitcoin,	 a	 decentralized	 cryptocurrency,	 utilizes	

blockchain	 technology	 to	 validate	 transactions	 and	
ensure	the	integrity	of	the	network	in	the	absence	of	a	
trusted	third	party	(e.g.,	bank).	The	associated	electricity	
consumption	 and	 carbon	 footprint	 of	 Bitcoin	 mining	
have	 received	 attention	 from	 researchers	 and	
policymakers	alike	 in	recent	years.[1]-[4]	Previous	studies	
evaluated	 historical	 electricity	 consumption	 and	
emissions.	 For	 example,	 Krause	 et	 al.	 indicate	 that	 the	
electricity	input	to	generate	a	$1	market	value	by	Bitcoin	
mining	 (17	 MJ)	 is	 higher	 than	 that	 of	 precious	 metal	
mining	(5,	7,	and	9	MJ	for	gold,	platinum,	and	rare	earth	
oxides,	respectively)[1].	In	total,	the	annual	CO2	emissions	
(22	megatons	in	2018)	match	a	midsize	city	in	the	U.S.,	
such	as	Kansas	City.[2]	

Although	Bitcoin	becomes	more	salient	in	the	global	
financial	system,	its	long-term	worldwide	environmental	
impact	 remains	 uncertain.	 [5]-[9]	 Predicting	 the	 energy	
efficiency	of	future	mining	facilities	and	the	future	total	
hash	rate	of	the	mining	network	have	turned	out	to	be	a	
major	 challenge	 in	 estimating	 the	 future	 electricity	
consumption	 and	 resulting	 carbon	 footprint	 of	
cryptocurrency	mining.	 	

In	this	study,	we	present	a	novel	methodology	that	
leverages	 some	 fundamental	 concepts	 in	 energy	
economics	 and	 finance	 to	 overcome	 uncertainties	 in	
previous	 studies	 and	 estimate	 worldwide	 electricity	
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consumption	and	carbon	footprint	of	Bitcoin	mining	in	a	
long-time	 range.	 We	 also	 provide	 policy	
recommendations	to	control	emissions	of	Bitcoin	mining	
based	on	the	result	of	a	more	transparent	and	credible	
projection.	We	firstly	use	insights	from	the	financial	asset	
market	 as	 a	 proxy	 to	 estimate	 Bitcoin’s	 future	market	
capitalization.	 Previous	 studies	 that	 have	 examined	
Bitcoin’s	 historical	 market	 performance,	 as	 well	 as	
transaction	 characteristics,	 suggest	 that	 Bitcoin	 is	 and	
has	been	developing	prominently	into	a	new	asset	class	
in	the	global	financial	market.[10],[11]	 	

In	addition	 to	 the	 insights	 from	the	 financial	asset	
market,	 our	 framework	 secondly	 builds	 on	 the	
competitive	 market	 feature	 of	 the	 Bitcoin	 mining	
industry.	 The	 Bitcoin	 mining	 industry	 has	 no	 entry	
restrictions	 but	 limited	 economies	 of	 scale,	 given	
constraints	 on	 the	 expansion	 of	 stable	 and	 low-cost	
electricity	 supply.	Therefore,	 it	has	been	observed	 that	
miners’	 rent	 is	 limited,[12]	 suggesting	 that	 the	 revenue	
from	mining	is	close	to	the	cost	of	mining	in	the	long	run.	
On	the	revenue	side,	the	total	revenue	of	Bitcoin	mining	
in	a	 specific	year	 can	be	derived	 from	the	value	of	 the	
Bitcoin	mined	plus	 fees	 paid	 for	 on-chain	 transactions.	
We	 assume	 that	 Bitcoin’s	 long-term	 market	
capitalization	 growth	 rate	 falls	 within	 the	 range	 of	
historical	 growth	 rates	 of	 several	 comparable	
mainstream	 financial	 assets.	 On	 the	 cost	 side,	 we	
conclude	that	the	electricity	cost	comprises	a	relatively	
stable	 share	 of	 total	 mining	 costs.	 Based	 on	 the	 total	
electricity	cost,	we	estimate	the	electricity	consumption	
for	Bitcoin	mining	by	assuming	a	specific	electricity	price	
(average	 price	 of	 $0.05/kWh).	We	 then	 utilize	 tailored	
emission	 factors—weighted	 by	 the	 geographical	
distribution	 of	 the	 hash	 rate	 using	 a	 unique	 dataset	
collected	 from	 mining	 pool	 operators—accounting	 for	
different	 decarbonization	 pathways	 of	 the	 electricity	
sector.	

We	 estimate	 that	 the	 electricity	 consumption	 of	
Bitcoin	mining	 is	 about	 190	 TWh	 in	 2021,	 an	 amount	
close	 to	 the	 electricity	 consumed	 by	 all	 data	 centers	
worldwide	 in	 2018,[13]	 while	 the	 network’s	 electricity	
consumption	could	reach	7,500	TWh	by	2100,	about	one-
third	of	the	world’s	total	electricity	consumption	in	2018	
(~22,000	TWh),[14]	as	shown	in	Figure	1.	Bitcoin’s	carbon	
footprint,	 however,	 highly	 depends	 on	 the	
decarbonization	rate	of	the	world	electricity	sector.	In	a	
business-as-usual	 (BAU)	 scenario,	 cumulative	 CO2	
emissions	from	Bitcoin	mining	reach	30	gigatons	by	2100,	
an	amount	as	much	as	world	total	emissions	in	2019	(~33	
gigatons).[15]	 Under	 scenarios	 with	 higher	

decarbonization	 rates	 (450	 and	 550	 (central	 case)	
scenario	 that	 implies	 2°C	 and	 3°C	 global	 warming,	
respectively),	total	emissions	from	Bitcoin	mining	would	
be	around	1	 GtCO2	 by	 2100—a	non-negligible	number	
but	not	decisive	to	limit	global	warming.	 	 	

	
Fig.	 1	 |	 Annual	 electricity	 consumption	 and	 CO2	

emissions	of	Bitcoin	mining	through	2100.	The	business-
as-usual	 (BAU)	 scenario	 assumes	 that	 the	 annual	
reduction	rate	of	CO2	emissions	intensity	of	the	world’s	
electricity	 sector	 remains	 constant	 at	 0.7%;	 the	 450	
scenario	 results	 in	 approximately	 2°C	 global	 warming;	
the	 550	 scenario	 implies	 approximately	 3°C	 global	
warming	(for	 further	details,	see	section	3.3	as	below).	
Cumulative	 emissions	 under	 different	 scenarios	 are	
presented	in	the	bar	chart.	 	

2. MATERIAL	AND	METHODS	

2.1 Overview	of	the	analytical	framework	

We	use	 the	year	2020	as	 the	starting	point	of	 the	
timeline	 𝑡	 in	our	analytical	framework	by	setting	 𝑡 = 0	
for	2020.	We	here	estimate	Bitcoin’s	current	emissions	
in	2020,	 𝐸(0),	and	its	cumulative	emissions	from	2021	
( 𝑡 = 1 )	 through	 the	 year	 when	 the	 world	 electricity	
sector	achieves	carbon	neutrality	(we	denote	this	year	as	
𝑇 ),	 𝐸) .	 We	 validate	 our	 analytical	 framework	 by	
comparing	 𝐸(0) 	 to	 recent	 studies	 that	 estimate	
Bitcoin’s	 annual	emissions.	 Furthermore,	we	conduct	a	
sensitivity	 analysis	 to	 demonstrate	 the	 impact	 of	 key	
parameters	on	 𝐸).	

Bitcoin’s	 cumulative	 emissions	 are	 the	 integration	
of	its	emissions	in	each	year	 𝑡,	 𝐸(𝑡).	

	 𝐸) = 𝐸(𝑡)𝑑𝑡
)

+
	 (1)	

Emissions	 in	 each	 year	 𝑡 	 can	 be	 calculated	 by	
multiplying	the	electricity	consumption,	 𝐸𝐿𝐸(𝑡),	by	the	
average	 emissions	 intensity	 (weighted	 by	 the	
geographical	 distribution	 of	 hash	 rate)	 of	 the	 world	
electricity	sector	in	that	year,	 𝐸𝐹 𝑡 .	

	
	
	𝐸 𝑡 = 𝐸𝐿𝐸(𝑡)𝐸𝐹 𝑡 	 (2)	
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Applying	 the	 assumption	 that	 the	mining	 revenue	
𝑅(𝑡)	 is	equal	to	mining	cost	 𝐶(𝑡)	 and	electricity	price	
will	remain	stable	in	the	long-term	as	 𝑝232 	 ($0.05/kWh	
based	on	our	interviews	with	major	miners	in	2020.	We	
have	 seen	 electricity	 price	 (constant	 price)	 remain	
relatively	stable	for	the	last	few	decades	(5%	change	in	
2000s	 compare	 to	 1960s)	 in	 the	 United	 States[16]),	 the	
electricity	consumption	can	be	estimated	by	dividing	the	
expenses	 on	 electricity	 in	 mining	 activities	 by	 the	
electricity	 price.	 The	 expenses	 on	 electricity	 in	 mining	
activities	can	be	calculated	using	the	share	of	electricity	
in	 total	mining	costs,	 𝛼,	which	 is	a	key	parameter	 that	
we	 will	 discuss	 later	 and	 include	 in	 the	 sensitivity	
analysis.	 	

	 𝐸𝐿𝐸 𝑡 =
𝛼𝐶(𝑡)
𝑝232

=
𝛼𝑅(𝑡)
𝑝232

	 (3)	

We	 consider	 two	 revenue	 streams	 of	 the	 mining	
activity:	 block	 rewards	 and	 on-chain	 transaction	 fees,	
shown	in	the	equation	below.	The	first	term	on	the	right-
hand	side	represents	the	revenue	from	block	rewards.	It	
can	be	calculated	by	multiplying	the	scheduled	number	
of	Bitcoins	to	be	mined	in	year	 𝑡,	 𝑞 𝑡 ,	by	the	price	of	
Bitcoin	 in	 year	 𝑡 ,	 which	 could	 be	 estimated	 using	
Bitcoin’s	market	 capitalization	 in	 year	 𝑡,	 𝑉 𝑡 ,	 and	 all	
the	Bitcoins	mined	until	year	 𝑡,	 𝑄(𝑡).	The	second	term	
represents	the	revenue	from	on-chain	transaction	fees,	
which	is	the	product	of	Bitcoin’s	market	capitalization	in	
year	 𝑡,	 𝑉 𝑡 ,	and	a	ratio	of	on-chain	transaction	fees	to	
market	capitalization,	 𝛽,	which	is	discussed	later.	

	 𝑅 𝑡 =
𝑉 𝑡
𝑄(𝑡)

𝑞 𝑡 + 𝑉 𝑡 𝛽	 (4)	

For	 our	 main	 results,	 we	 assume	 that	 Bitcoin’s	
market	capitalization	will	grow	from	 𝑉 1 	 in	year	1	at	a	
constant	 rate,	 𝛾 ,	 which	 is	 a	 key	 parameter	 that	 we	
discuss	 later	 and	 include	 in	 the	 sensitivity	 analysis.	
Bitcoins	mined	by	year	 𝑡	 is	a	pre-determined	variable,	
which	can	be	represented	as	the	sum	of	Bitcoins	mined	
by	year	1,	 𝑄(1),	and	all	the	Bitcoins	mined	from	year	1	
to	 year	 𝑡 ,	 𝑞 𝑡 𝑑𝑡;

+ .	 Therefore,	 the	 mining	 revenue	
𝑅(𝑡)	 can	be	rewritten	as:	

	
𝑅 𝑡 =

𝑉 1 1 + 𝛾 ;<+

𝑄 1 + 𝑞 𝑡 𝑑𝑡;
+

𝑞 𝑡

+ 𝑉 1 1 + 𝛾 ;<+𝛽	
(5)	

Finally,	we	use	different	decarbonization	scenarios	
of	 future	average	emissions	 intensity	 (weighted	by	 the	
current	geographical	distribution	of	hash	rate,	assuming	
the	 distribution	 remains	 unchanged)	 of	 the	 world	
electricity	 sector	 in	 year	 𝑡 ,	 𝐸𝐹 𝑡 .	 In	 the	 business-as-
usual	 (BAU)	 decarbonization	 scenario,	 we	 assume	 the	
recent	 trend	of	annual	 reduction	 rate	 in	 the	emissions	

intensity	of	the	world	electricity	sector	will	continue.	We	
adopt	 the	 annual	 reduction	 rate	 as	 0.7%	 suggested	by	
Knobloch	et	al.[17]	for	all	the	future	years	after	2020,	and	
the	 world	 electricity	 sector	 cannot	 achieve	 carbon	
neutrality	before	the	end	of	this	century.	 	

In	 two	 further	 decarbonization	 scenarios	 (450	
scenario	 and	 550	 scenario),	 we	 consider	 faster	
decarbonization	rates	of	the	world	electricity	sector.	We	
retrieve	 results	 for	 EMF27	 analysis	 from	 integrated	
assessment	 models	 included	 in	 the	 IPCC	 AR5	 Scenario	
Database	 (EMF27-450-Conv	 and	 EMF27-550-Conv)	
under	 the	 emission	 budget	 to	 stabilize	 CO2	
concentrations	450	and	550	ppm	by	2100,	respectively)	
with	 the	 trajectory	 of	 the	 world	 electricity	 sector’s	
emissions	 intensity	 provided.	 We	 use	 the	 emissions	
intensity	trajectory	of	the	550	decarbonization	scenario	
for	our	main	results	(central	case).	

Combining	 all	 the	 equations	 above,	 Bitcoin’s	
cumulative	emissions	 for	 future	years	can	be	rewritten	
as:	

	
𝐸 =

𝛼
𝑝232

	
	𝑉 1 1 + 𝛾 ;<+

)

+

×
𝑞 𝑡

𝑄(1) + 𝑞 𝑡 𝑑𝑡;
+

+ 𝛽 𝐸𝐹 𝑡 𝑑𝑡	
(6)	

	

2.2 Sensitivity	analysis	 	

To	 facilitate	 the	 sensitivity	 analysis,	 we	 use	 linear	
trends	to	fit	emissions	intensity	trajectories,	so	emissions	
intensity	 beyond	 2020,	 𝐸𝐹 𝑡 ,	 can	 be	 represented	 as	
the	 equation	 below,	 where	 𝜃 	 is	 the	 annual	
decarbonization	rate	of	the	world	electricity	sector.	For	
example,	 our	 main	 results	 use	 the	 550	 scenario,	 𝜃 ≈
0.03 ,	 which	 means	 the	 world	 electricity	 sector	 will	
become	 carbon	 neutral	 within	 roughly	 33	 years	 after	
2020.	

	 𝐸𝐹 𝑡 = 𝐸𝐹 0 (1 − 𝜃𝑡)	 (7)	
Bitcoin’s	 cumulative	 emissions	 for	 future	 years	

could	be	rewritten	as:	

	

𝐸 = 𝐸 𝑡 𝑑𝑡
)

+
=

𝛼
𝑝232

	
	𝑉 1 1

)

+

+ 𝛾 ;<+ 𝑞 𝑡

𝑄 1 + 𝑞 𝑡 𝑑𝑡;
+

+ 𝛽 𝐸𝐹 0 (1 − 𝜃𝑡)𝑑𝑡	

(8)	

We	are	interested	in	changes	in	Bitcoin’s	cumulative	
emissions	for	future	years	(𝐸)	relative	to	changes	in	the	
share	of	 electricity	 in	 total	mining	 cost	 (𝛼),	 the	annual	
growth	rate	of	Bitcoin’s	market	capitalization	(𝛾),	and	the	
annual	 decarbonization	 rate	 of	 the	 world	 electricity	



	 4	 Copyright	©	2021	CUE	

sector	(𝜃).	We	then	compare	the	magnitude	of	each	of	
the	partial	derivative.	 	

3. RESULTS	

3.1 Electricity	consumption	of	future	Bitcoin	mining.	 	

We	find	that	the	electricity	consumption	of	Bitcoin	
mining	 will	 increase	 exponentially	 as	 transaction	 fees	
begin	 to	dominate	mining	revenue.	Figure	2	shows	the	
trend	 of	 mining	 revenue	 and	 associated	 electricity	
consumption	until	the	end	of	this	century.	Over	the	next	
decades,	 we	 expect	 electricity	 consumption	 to	
experience	 a	 phase	 of	 decline	 due	 to	 shrinking	 block	
rewards.	 Electricity	 consumption	 driven	 by	 block	
rewards	decreases	 to	 less	 than	1	TWh	by	around	2075	
compared	to	170	TWh	in	2021	and	reaches	zero	by	2140.	
This	 trend	 changes	 around	 2040	 when	 electricity	
consumption	begins	to	 increase	again	due	to	 increased	
on-chain	 transaction	 fees,	 which	 grows	 similarly	 to	
Bitcoin’s	 market	 capitalization	 growth.	 By	 2100,	 the	
annual	electricity	consumption	reaches	about	7.5	PWh,	
and	 continues	 to	 increase	 exponentially	 to	 about	 160	
PWh	by	2140.	

	
Fig.	 2	 |	 Mining	 revenue	 from	 block	 rewards	 and	

transaction	 fees	and	revenue	from	block	rewards	only,	
and	their	associated	electricity	consumption.	 	

3.2 Carbon	footprint	of	future	Bitcoin	mining	

CO2	 emission	 factors	 of	 the	 electricity	 used	 for	
mining	 are	 needed	 to	 translate	 the	 electricity	
consumption	 into	 carbon	 emissions.	 We	 collect	
independent	information	on	the	geographic	distribution	
of	mining	activities	from	mining	pools	for	our	estimates.	
We	collect	the	hash	rate	and	geographical	distribution	of	
all	major	mining	pools	 (market	 share	of	>	10%),	which	
together	account	for	70%	of	the	total	network	hash	rate	
(from	January	2020	to	September	2020).	Figure	3a	shows	
the	network	hash	rate	distribution	as	of	September	2020.	 	

Importantly,	 as	 75%	 of	 the	 network	 hash	 rate	
originates	from	China,	we	further	analyze	the	hash	rate	
distribution	among	Chinese	provinces.	 In	particular,	we	

find	mining	activities	to	be	highly	concentrated	in	regions	
with	 low-cost	 electricity,	 such	 as	 Sichuan	 and	 Inner	
Mongolia.	 Mining	 hotspots	 outside	 China	 include	
Kazakhstan	 and	 Russia.	 Figure	 3b	 shows	 the	 CO2	
emissions	 intensity	 of	 electricity	 generation	 globally,[25]	
and	by	region	for	China.[26],[27]	Based	on	these	two	data	
maps,	we	find	the	weighted	average	CO2	emission	factor	
of	 the	 electricity	 used	 for	 Bitcoin	 mining	 to	 be	 0.45	
kg/kWh	as	of	2020.	The	total	CO2	emissions	we	obtain	for	
2020	 (63	 megatons)	 are	 in	 line	 with	 existing	 research	
results.	 	

	

	
Fig.	 3	 |	 Hash	 rate	 geographic	 distribution	 (a)	 and	

emission	 factors	 of	 the	 electricity	 sector	 (b)	 for	 world	
regions	and	Chinese	provinces.	Geographic	distribution	
of	hash	rate	is	provided	by	mining	pool	operators.	

The	 projected	 carbon	 footprint	 of	 Bitcoin	 mining	
strongly	depends	on	the	decarbonization	pathway	of	the	
electricity	sector.	Therefore,	we	project	carbon	emissions	
from	 Bitcoin	 mining	 under	 different	 decarbonization	
pathways.	 Under	 the	 BAU	 scenario,	 carbon	 emissions	
increase	 in	 line	 with	 electricity	 consumption.	 The	
cumulative	emissions	until	2100	(~30	gigatons	CO2)	are	as	
much	 as	 the	 world’s	 total	 emissions	 in	 2019	 (~33	
gigatons).[15]	However,	under	the	450	and	550	scenarios	
with	 much	 faster	 decarbonization	 rates,	 annual	 CO2	
emissions	 from	 Bitcoin	 mining	 have	 peaked	 already	
around	 2020	 and	 gradually	 decline	 to	 zero	 by	 mid-
century.	This	would	lead	to	cumulative	CO2	emissions	of	
0.9	 gigatons	 (550	 scenario)—a	 non-negligible	 number	
but	 not	 decisive	 for	 climate	 goals	 (limiting	 global	
warming	 to	 below	 2°C	 allows	 for	 approximately	 1,000	
gigatons	CO2	emissions	from	now	on).	 	 	

3.3 Sensitivity	analysis	 	

Assumptions	for	some	key	parameters	used	in	our	
model’s	estimations	substantially	affect	the	results	from	
our	 projected	 CO2	 emissions	 trajectories	 and	 Bitcoin’s	
cumulative	CO2	emissions.	These	key	parameters	include	
the	share	of	electricity	 in	 total	mining	cost,	 the	annual	
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growth	 rate	 of	 Bitcoin’s	market	 capitalization,	 and	 the	
annual	 decarbonization	 rate	 of	 the	 world	 electricity	
sector.	 	

To	 demonstrate	 the	 sensitivity	 of	 our	 estimates	
relative	to	the	above	parameters,	we	first	show	in	Figure	
4	 CO2	 emissions	 trajectories	 and	 cumulative	 CO2	
emissions	 until	 the	 world	 electricity	 sector	 achieves	
carbon	neutrality	under	different	parameter	choices.	We	
pick	50–70%	as	parameters	for	the	share	of	electricity	in	
total	mining	costs,	4–12%	for	the	annual	growth	rate	of	
Bitcoin’s	 market	 capitalization,	 and	 0.5–5%	 for	 the	
annual	 decarbonization	 rate	 of	 the	 world	 electricity	
sector.	Changes	in	the	annual	decarbonization	rate	of	the	
world	 electricity	 sector	 show	 a	 large	 impact	 on	 the	
emissions	trajectory,	while	the	share	of	electricity	in	total	
mining	costs	has	a	relatively	small	impact.	 	

	
Fig.	 4	 |	 CO2	emissions	 trajectories	and	cumulative	

CO2	emissions	of	Bitcoin	mining	starting	from	2021	under	
different	parameter	choices.	We	use	60%,	8%,	and	3%	for	
the	share	of	electricity	 in	total	mining	costs	(α),	annual	
growth	 rate	 of	 Bitcoin’s	market	 capitalization	 (γ ),	 and	
annual	decarbonization	rate	of	the	world	power	sector	
(θ),	respectively,	in	our	central	case	scenario.	 	 	

4. DISCUSSION	AND	CONCLUSIONS	
Our	study	provides	a	framework	to	analyze	Bitcoin’s	

future	electricity	consumption	and	carbon	footprint.	The	
proposed	framework	is	not	limited	to	Bitcoin	but	can	also	
be	 applied	 to	 estimate	 the	 energy	 consumption	 and	
carbon	 footprint	 of	 other	 emerging	 technologies.	 This	
includes,	 for	 instance,	 additional	 cryptocurrencies[31],	
data	 centers[32],	 and	 communication	 infrastructures,	
given	there	is	adequate	information	on	the	future	size	of	
the	 industry	 as	 well	 as	 the	 energy	 share	 in	 total	
production	costs.	

Our	 work	 also	 provides	 a	 baseline	 analysis	 for	
policymakers	 to	 address	 the	 (potentially)	 high	 carbon	
footprint	 of	 Bitcoin	mining	 and	 discuss	 possible	 policy	
tools	or	mechanisms	that	ensure	widespread	emissions	
reduction	 from	global	mining	centers.	 In	particular,	we	
focus	 the	 discussion	 on	 potential	 supply-side	 policy	
instruments	that	could	reduce	the	share	of	electricity	in	
total	mining	cost	or	enhance	the	annual	decarbonization	
rate	 of	 the	world	 electricity	 system.	 First,	 policies	 that	
effectively	 raise	 the	price	of	electricity	used	 for	Bitcoin	
mining	 will	 directly	 reduce	 the	 quantity	 of	 electricity	
consumption	for	generating	a	unit	value	of	Bitcoin.	There	
are	 also	 significant	 indirect	 effects	 of	 higher	 electricity	
prices	for	Bitcoin	mining,	such	as	encouraging	technical	
innovation	 of	 mining	 hardware,	 in	 response	 to	 raised	
electricity	prices,	which	would	result	in	a	reduction	of	the	
share	 of	 electricity	 in	 total	 mining	 cost.[33]	 Second,	
economy-wide	carbon	pricing	facilitates	the	dual	effect	
of	reducing	Bitcoin’s	carbon	footprint	by	both	increasing	
the	 price	 of	 electricity	 and	 incentivizing	 the	
decarbonization	 of	 the	 electricity	 system.	 Third,	 direct	
R&D	subsidies	may	enable	further	technical	innovations	
in	 mining	 hardware,	 such	 as	 developing	more	 energy-
efficient	integrated	circuits	(IC).	In	turn,	the	increase	in	IC	
efficiency	would	lower	the	total	electricity	demand	and	
consequently	reduce	total	electricity	cost	shares.	 	
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