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The rise of cryptocurrencies and their growing environmental
costs

Cryptocurrencies have seen a meteoric rise in their adoption and value over the past decade.
For instance, the most widely-traded cryptocurrency, Bitcoin, which started at only a few cents
per token in 2009 when it was first mined [1], crossed an all-time high price of more than
USD68,000 in November 2021 [2]. Largely made possible with the rise of blockchain technol-
ogy, a cryptocurrency is essentially a digital form of money that allows the transfer of value
directly between users, without requiring an intervening financial institution [1]. A blockchain
is a system where records of transactions are distributed across multiple users in a network as
encrypted ‘blocks’ [1,3,4]. The users in a blockchain network participate in both the creation
of new tokens (equivalent to ‘minting’ new money), as well as the authentication of these rec-
ords through complex mathematical operations on their computers, which is referred to as
‘mining’ [1]. This decentralized ‘distributed ledger’ prevents the false modification of records
[3] and allows for a more secure, trustworthy and scalable way to make financial transactions
[1]. These advantages have led to significant growth in this sector.

However, the massive energy consumption of mining cryptocurrencies and consequently
their carbon footprint is a significant environmental concern. Studies suggest that the annual
carbon emissions from the Bitcoin network alone could potentially exceed 90 MtCO,e, which
surpasses the total carbon footprint of some of the most populous cities in the world including
Beijing, Sao Paulo and New Delhi (www.citycarbonfootprints.info) [5]. In response to these
environmental costs, several approaches to make cryptocurrencies more sustainable are being
explored. These either attempt to directly decarbonize cryptocurrencies by reducing emissions
or try to compensate for their adverse climate impacts through negative emissions from car-
bon offsets. Naturally, both these pathways are needed in tandem to achieve carbon neutrality
[6]. However, due to the significant constraints that limit the future decarbonization of this
sector, connecting cryptocurrencies to carbon offsets is arguably the most practical approach
for mitigating their climate impact.

Limits to reducing emissions through enhanced network efficiency

The first approach to creating a ‘greener’ cryptocurrency is to enhance the energy efficiency of
the blockchain networks that form the foundations of cryptocurrencies. Algorithms used to
establish consensus in a blockchain can typically consume varying degrees of energy [4]. For
example, Bitcoin uses a highly energy-intensive Proof-of-Work (POW) protocol but more effi-
cient algorithms like Proof-of-Stake (POS), which require less than a hundredth of the amount
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of energy required to power POW networks, are a viable approach for reducing the carbon
footprint of cryptocurrencies, which is why major cryptocurrencies like Ethereum are plan-
ning on moving to the latter in the future [4]. However, Bitcoin, which still dominates the
cryptocurrency sector in terms of value and environmental impact, is unlikely to transition
completely to POS given the inherent technical challenges and the need for agreement across a
majority of users on the network to enable such a transition [7]. Therefore, this approach is
useful in making newer tokens more sustainable but pre-existing cryptocurrencies need other
greening solutions such as relying on renewable energy sources or linking to carbon offsets as
outlined below.

Challenges in transitioning to renewable sources of power

There has recently been significant interest in powering cryptocurrencies through renewable
energy. For example, blockchain-based platforms like Ripple have recently announced the
decision to go carbon neutral by 2030, which will partly be achieved through renewable
sources of power [8]. However, this is easier to do for privately held networks like Ripple’s
XRP cryptocurrency compared to completely public ledgers like Bitcoin that make the tracing
of mining activity and consequently of energy consumption, very challenging [9]. Moreover,
despite the availability of renewable energy sources such as hydropower in regions like Sichuan
province in China, where over 48% of historical mining capacity was concentrated, seasonal
fluctuations in renewable energy yield still need to be balanced out using non-renewable coal
power [10]. Although the Chinese government has recently clamped down on mining activity
within these regions, this will likely lead to mining capacity getting displaced to other coun-
tries, where renewable sources may not be abundant, thereby ruling out the possibility of truly
decarbonized cryptocurrencies through reliance on renewable energy alone [11].

The promise of connecting carbon offsets to cryptocurrencies

Given the aforementioned constraints that limit the decarbonization of cryptocurrencies and
the voluntary carbon market’s recent surge [12], carbon offsets offer an exciting opportunity
for greening cryptocurrencies. Using offsets can potentially be a substantial climate mitigation
tool for cryptocurrencies since the total volume of carbon credits in tons of CO,e transacted in
the voluntary market in 2021 (through August 2021) are currently more than twice as high as
the estimated annual carbon emissions from the Bitcoin network (239.3 MtCO,e vs. 90.1
MtCOse) [5, 12]. Moreover, offsets for cryptocurrencies can potentially drive up the demand
and consequently price for carbon credits, thereby opening up new opportunities for investible
carbon sequestration projects. A recent example of this approach is the launch of Bitcoin Zero
[13]. This novel cryptocurrency builds on the bitcoin network, but for every one unit of Bit-
coin Zero that is minted, 10 tons of carbon credits generated through REDD+ projects are
retired to offset the carbon footprint of each token [13]. A carbon credit once retired cannot
be traded further, thus reducing the total amount of available carbon within circulation in the
offsets market.

However, ensuring that carbon credits deliver the climate benefits that they promise is vital
for effectively offsetting the environmental impacts of cryptocurrencies. This is especially
important because forestry and land-use based projects, which have recently become the most
highly transacted offset type in the voluntary market [12], can often overstate their climate
impact [14]. Furthermore, guaranteeing that carbon offsetting projects store carbon perma-
nently and ensuring that they do not simply displace the drivers of environmental degradation
elsewhere are significant technical challenges and administrative overheads that potentially
diminish their adoption [15]. Additionally, limitations in environmental accounting can lead
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to ‘double-counting’, where both the buyer and seller of a carbon credit count the emissions
reductions of the same action towards their climate targets, which may lead to a net increase in
emissions [16]. Addressing these challenges must be a fundamental priority for the future
adoption of carbon offsets for greening cryptocurrencies.

Priorities for the future

Investors are unlikely to move away from tokens like Bitcoin given the immense wealth locked
away in this network, as well as the fact that it has continued to be the most dominant and
highly valued cryptocurrency [2], despite government crackdowns and widespread coverage
about its environmental damage [5,11]. However, developments such as the launch of Bitcoin
Zero suggest that investors may be willing to pay a premium to offset this environmental dam-
age. Therefore, offsets are currently the lowest hanging fruit for bringing cryptocurrencies like
Bitcoin closer to carbon neutrality and must therefore be more widely publicized to enhance
adoption. Next, there is immense scope for developing additional products like Bitcoin Zero
that connect other cryptocurrencies to carbon markets. Finally, it is crucial to ensure the qual-
ity of carbon offsets by leveraging emerging technologies such as remote-sensing, artificial
intelligence and blockchain for more accurate, transparent and timely reporting of their per-
formance [17]. There is still a long way to go in making cryptocurrencies truly ‘green’, but
with a total market value of more than two trillion dollars [2], cryptocurrencies are here to
stay. Mitigating their environmental cost is vital to a sustainable future and leveraging carbon
offsets may be the key to doing so.

References
1. Nian LP, Chuen DLK. Introduction to bitcoin. Handbook of digital currency: Elsevier; 2015. p. 5-30.

2. Sigalos MK. Bitcoin hits new all-time high above $68,000 as cryptocurrencies extend rally [Internet].
CNBC. CNBC; 2021 [cited 2021Dec10]. Available from: https://www.cnbc.com/2021/11/08/bitcoin-and-
ether-hit-new-all-time-highs.html

3. Giudici G, Milne A, Vinogradov D. Cryptocurrencies: market analysis and perspectives. Journal of
Industrial and Business Economics. 2020; 47(1):1-18.

4. Howson P. Tackling climate change with blockchain. Nature Climate Change. 2019; 9(9):644-5.
de Vries A. Bitcoin boom: What rising prices mean for the network’s energy consumption. Joule. 2021
Mar 17; 5(3):509-13.

6. Gasser T, Guivarch C, Tachiiri K, Jones C, Ciais P. Negative emissions physically needed to keep
global warming below 2 C. Nature communications. 2015; 6(1):1-7.

7. KostalK, Krupa T, Gembec M, Veres |, Ries M, Kotuliak I, editors. On transition between PoW and
PoS. 2018 International Symposium ELMAR; 2018: IEEE.

8. Ripple.com. Ripple leads to achieve carbon neutrality by 2030 [Internet]. Ripple. 2021 [cited 2021 Oct
1]. Available from: https:/ripple.com/ripple-press/ripple-leads-sustainability-agenda-to-achieve-carbon-
neutrality-by-2030/

9. LiJ,LiN,PengdJ, CuiH, Wu Z. Energy consumption of cryptocurrency mining: A study of electricity con-
sumption in mi1ning cryptocurrencies. Energy. 2019; 168:160-8.
10. de Vries A. Renewable energy will not solve bitcoin’s sustainability problem. Joule. 2019; 3(4):893-8.
11.  Oxford Analytica. China crackdown reshapes cryptocurrency landscape. Emerald Expert Briefings
(oxan-db). 2021
12. Forest Trends’ Ecosystem Marketplace. ‘Markets in Motion’. State of the Voluntary Carbon Markets
2021, Installment 1. Washington DC: Forest Trends Association, 2021.

13. Uphold.com [Internet]. Buy BTCO—Buy Bitcoin Zero 2020 [cited 2021 Oct 1]. Available from: https://
uphold.com/en/assets/environmental/buy-bitcoin-zero.

14. West TA, Borner J, Sills EO, Kontoleon A. Overstated carbon emission reductions from voluntary
REDD-+ projects in the Brazilian Amazon. Proceedings of the National Academy of Sciences. 2020; 117
(39):24188-94. https://doi.org/10.1073/pnas.2004334117 PMID: 32929021

PLOS Sustainability and Transformation | https://doi.org/10.1371/journal.pstr.0000002 March 1, 2022 3/4


https://www.cnbc.com/2021/11/08/bitcoin-and-ether-hit-new-all-time-highs.html
https://www.cnbc.com/2021/11/08/bitcoin-and-ether-hit-new-all-time-highs.html
https://ripple.com/ripple-press/ripple-leads-sustainability-agenda-to-achieve-carbon-neutrality-by-2030/
https://ripple.com/ripple-press/ripple-leads-sustainability-agenda-to-achieve-carbon-neutrality-by-2030/
https://uphold.com/en/assets/environmental/buy-bitcoin-zero
https://uphold.com/en/assets/environmental/buy-bitcoin-zero
https://doi.org/10.1073/pnas.2004334117
http://www.ncbi.nlm.nih.gov/pubmed/32929021
https://doi.org/10.1371/journal.pstr.0000002

PLOS SUSTAINABILITY AND TRANSFORMATION

15. Van Oosterzee P, Blignaut J, Bradshaw CJ. iREDD hedges against avoided deforestation’s unholy trin-
ity of leakage, permanence and additionality. Conservation Letters. 2012 Aug; 5(4):266—73.

16. Kreibich N, Hermwille L. Caught in between: credibility and feasibility of the voluntary carbon market
post-2020. Climate Policy. 2021 Aug 9; 21(7):939-57.

17. Howson P, Oakes S, Baynham-Herd Z, Swords J. Cryptocarbon: the promises and pitfalls of forest pro-
tection on a blockchain. Geoforum. 2019; 100:1-9.

PLOS Sustainability and Transformation | https://doi.org/10.1371/journal.pstr.0000002 March 1, 2022 4/4


https://doi.org/10.1371/journal.pstr.0000002

