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Abstract

Purpose: The aim of this study is to analyse crypto-assets with a limited environmental 
impact and to assess the impact of the Proof of Work mechanism on the natural environment.

Methodology: The study is of a review and analytical nature and is based on an analysis of 

mechanisms.

Results: The analysis showed that PoW is characterised by high energy consumption and 

lower energy consumption and may reduce the negative environmental impact of blockchain 
technology.

Conclusions: Crypto-assets with a limited environmental impact may represent a direction 

further research and greater transparency regarding environmental data.
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Introduction 

The dynamic development of blockchain technology and crypto-assets in recent 

At the heart of the debate is the high energy intensity of consensus mechanisms, 
especially Proof of Work, which translates into increasing energy consumption and 
greenhouse gas emissions. However, this issue goes beyond the ecological aspect 
itself, also encompassing social, economic and regulatory issues, which points to the 
need to look for more sustainable models of blockchain technology. In response to 
these challenges, so-called green crypto-assets are being developed, which use less 

well as support initiatives related to renewable energy sources. They are increasingly 

way consensus mechanisms work. In the case of both bitcoin and ethereum, the basis 
of operation is a distributed blockchain database, in which successive packages of 

process takes place without central supervision, and its participants are paid for their 
participation. An important difference appears in the way the entity responsible for 
adding a new block is selected. In the Proof of Work system, computing power plays 
a decisive role, participants compete by performing a huge number of operations, 

model, the capital you own in the form of cryptocurrency deposited on the network is 
crucial. In this case, the selection of the participant is based on their participation and 

The aim of this study is to identify and analyze green crypto-assets as a tool to 
support sustainable development in the digital economy, with particular emphasis on 
the impact of the Proof of Work consensus mechanism on the natural environment. 
Particular attention was paid to the environmental consequences of blockchain 

of electronic waste. The study also incorporates alternative consensus mechanisms, 

impact of cryptocurrencies. An important element of the analysis is also the 

transformation in accordance with the principles of sustainable development.

1. Theoretical foundations of pro-environmental crypto-assets

Presenting the theoretical foundations of pro-environmental cryptoassets is 
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aimed at reducing the negative impact on the environment, in particular by reducing 

waste compared to traditional cryptocurrencies using the Proof of Work consensus 

and solutions that reduce the negative impact of blockchain technology on the 

in the process of cryptocurrency mining and validation. Green blockchain means 
using blockchain technology in an environmentally sustainable way, prioritizing the 

not require intensive use of computing power and specialized mining equipment, 

environmental crypto-assets are increasingly being designed in a way that allows 

and environmental goals are simultaneously taken into account in the development 
process, while maintaining the possibility of meeting the needs of future generations 

a set of criteria used to assess the activities of companies and investments in terms 
of environmental, social and governance factors that may affect the risk, stability and 

2. Research method

The aim of this study is to identify and analyze pro-environmental crypto-assets as 
a tool supporting sustainable development in the digital economy, with particular 
emphasis on the impact of the Proof of Work consensus mechanism on the natural 
environment. Due to the nature of the studied issue, covering both technological 
and economic and regulatory aspects, a qualitative approach was used, based on 

analytical nature and was conducted on the basis of an analysis of the literature on 

of blockchain technology and cryptocurrencies. The aim of the study was to 
organize and synthetically present the most important aspects of the impact of the 
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The basic research method used in the article was the analysis of the literature on 

documents and industry analyses. The selection of literature was based on searching 

keywords: cryptocurrencies, blockchain, energy consumption, carbon footprint, Proof 

development and the latest technological and regulatory trends. The analysis was 

mechanism on the environment and the socio-economic environment: consumption 
of natural resources, electricity consumption, carbon footprint, social and economic 
impact of PoW and electronic waste. Individual areas were analysed on the basis of 

emissions, the impact on local energy systems and social costs, and the degree of 
wear and tear of equipment used in the mining process. The adopted criteria made it 
possible to synthetically compare the environmental consequences of the functioning 
of cryptocurrencies based on the Proof of Work mechanism. This division was of 
an orderly nature and served to synthetically present the results of research available 
in the literature. The study also provides a general comparison of Proof of Work with 

of the declared level of energy intensity and potential environmental impact. This 
comparison was descriptive and based on the data presented in the analyzed sources.

3. Analysis of the environmental impact of PoW 

a key factor determining the environmental consequences of the development 
of blockchain technology. Blockchain as a technology can potentially support the 
achievement of sustainability goals, it is PoW-based networks that generate huge 

research methodology, the analysis of the impact of PoW was carried out in a review 
and analytical approach by identifying, aggregating and grouping the results of 

lack of a centralized, trusted authority means that blockchain needs a “consensus 
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transaction fees on the network. The energy consumption of the bitcoin network 
is therefore both a security and a side effect of relying on the ever-increasing 
computing power of competing miners to validate transactions via PoW. 

The PoW mechanism requires a continuous increase in the computing power of 
the network, which leads to intensive use of natural resources, in particular energy 

Additional research indicates that the intensive use of resources in the PoW model is not 
limited to energy, but also includes the material resources necessary for the production 
of mining infrastructure. The life cycle of mining equipment is associated with 

a consensus mechanism does not have built-in incentives to optimize the use of resources, 
which distinguishes it from newer solutions designed in the spirit of environmental 

The electricity consumption of PoW networks is one of the best documented 
aspects of their environmental impact. Bitcoin’s energy demand is not related to 

the Cambridge Centre for Alternative Finance indicates that the annual energy 
consumption of the Bitcoin network is comparable to that of medium-sized 
countries, making PoW one of the most energy-intensive digital systems in the 

of PoW networks is characterized by high volatility, but a long-term upward trend, 
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varies depending on the study, the methodology adopted, and most studies are 
based on underestimating the price of electricity, electricity consumption is in 

that the share of renewable energy sources used to acquire cryptoassets has been 

Cryptocurrency mining has a positive and negative impact on the environment, the 
substitution effect is one of the positive effects, cryptoassets can replace currencies 

contribute to increased investment in poorer countries. The production effect is 

consumption, mostly from fossil fuels, which causes an increase in CO  emissions. 

Chart 1. Estimates of Bitcoin’s energy consumption 

https://www.iea.org/data-and-statistics/
charts/bitcoin-energy-use-estimates
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greenhouse gas emissions. Bitcoin’s carbon footprint is heavily dependent on 

PoW-based cryptocurrencies may hinder the achievement of global climate goals 

Newer emission estimation models indicate that the PoW carbon footprint is often 
underestimated, as many analyses do not take into account indirect emissions 
related to the production of equipment and cooling infrastructure of mining centres. 

of cryptocurrencies. The share of renewables in Bitcoin mining decreased from 

Chart 2. BTC and ETH’s annual greenhouse gas emissions compared to previous greenhouse 
gas emissions savings and greenhouse gas emissions savings targets

Mining the environment – is climate risk 
priced into crypto-assets?



69

<< BACK TO THE CONTENTS

Chart 3. Estimated annual electricity consumption of global bitcoin (BTC) and etherum (ETH) 
compared to selected countries

Mining the environment – is climate risk 
priced into crypto-assets?

direction of legislative changes in OECD forums. Estimates of the carbon footprint 

eurozone countries Electricity consumption is also high, consuming as much energy 

The environmental impact of PoW also has a social and economic dimension. In 
the regions where cryptocurrency mines are concentrated, there is an increase 
in electricity demand, which can lead to higher energy prices for local communities 

are not internalized in cryptocurrency prices. From an environmental economics 

perpetuation of business models that contradict the concept of sustainable 
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affect the social perception of blockchain technology, lowering the level of trust 

From a social perspective, it is indicated that sanctioned countries such as Iran or 
Russia can use cryptocurrency mining, in particular bitcoin, as a way to circumvent 
economic restrictions imposed to enhance international security. At the same time, 
intensive mining is associated with a high burden on energy systems, which can 

the share of illegal activities in the total volume of bitcoin transactions remains 

such as money laundering or cybercrime, including ransomware attacks. There are 

raised by the issue of the energy base of mining – the use of energy from regions 

3.5. Electronic waste

An important, but relatively less frequently analyzed aspect of the impact of PoW on 

especially in countries with underdeveloped waste management systems (OECD 

from soil pollution to air and water pollution.

 
mechanism in terms of environmental impact

In this part of the study, a list of selected crypto-assets using the Proof of Work 
mechanism is made in order to show their diverse impact on the environment. The 

computing resources. The list allows you to capture the key differences between 
individual cryptocurrencies in terms of their environmental impact. The table 
shows a synthetic comparison of selected Proof of Work-based cryptocurrencies in 
terms of their environmental impact.
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Table 1. Analysis of selected crypto-assets based on the Proof of Work mechanism  
in terms of environmental impact

Cryptoasset Consumption of Carbon 
footprint waste

utilization of 

infrastructure

costs and pres
sure on local 

rapid 
outdated 

(before the 

Increase in 

process

Monero 
(XMR)

Greater transac

costs

Speculative 

The analysis indicates that crypto-assets using the Proof of Work mechanism are 

impact. The biggest burden is generated by Bitcoin, whose functioning is associated 
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which continue the model based on an energy-intensive mining process. The analysis 
also shows that the development of the cryptocurrency market may increase pressure 
on local energy systems and increase energy costs in regions with a high concentration 

environmentally problematic solutions used in blockchain technology, reinforcing the 

4. Green Cryptoassets – Technological and Economic Solutions

Pro-environmental crypto-assets are a response to the structural environmental 
constraints of Proof of Work-based cryptocurrencies and are increasingly being 
analyzed in the literature as part of the transformation of the digital economy towards 

The basic technological solution underpinning green crypto-assets is to replace 
energy-intensive PoW algorithms with low-energy consensus mechanisms. 

held or delegated, this reduces energy consumption when verifying transactions 

and economic innovations translate into real environmental impacts and energy 

users to invest in computing power without the need for their own hardware. By 

eTukTuk integrates blockchain into the electric mobility sector, tokenizing EV 
charging infrastructure and supporting decentralized energy trading. This system 
allows for the tracking and accounting of energy from renewable sources, increasing 

is awarded for a unit of energy produced from photovoltaic panels, which creates 
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a block-lattice structure, eliminating the need for energy-intensive consensus 

of a very environmentally friendly cryptocurrency, especially in digital payment 

mechanisms not only allow for minimizing energy consumption, but also support 

protection and energy transition, which allows investors to make a real ecological 

In order to illustrate the diversity of green crypto-assets, an analysis of selected 

intensity of blockchain technology was carried out. Crypto-assets representing 
different approaches to sustainability were selected for the analysis, including 

activities. The benchmarks were primarily the consensus mechanism, the level of 

Table 2. Comparison of selected green crypto-assets in terms of consensus mechanism  
and environmental impact

Cryptoasset Consensus Estimated energy  Potential  
limitations

Bitcoin   
PoS

Reduce the need for Early develop

Proof of Stake

transport

Proof of Stake

Proof of Stake

Nano (XNO) Open Represen
adoption
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supporting the development of renewable energy sources, electromobility and 
initiatives in line with the concept of sustainable development. The analysis is part of 
the contribution of our own study through a synthetic comparison and comparison 

impact on the implementation of sustainable development assumptions.

5.  The importance of green crypto-assets  

The development of green crypto-assets has an indirect but multidimensional 

segment, in particular renewable energy. The mechanism of this impact is not 

markets. One of the key channels of impact of green crypto-assets is their role as 

energy assets and the use of blockchain make it possible to directly raise capital 
for investments in renewable energy sources, bypassing traditional intermediary 

transaction costs, shorten the time of raising capital and increase the availability of 

strengthening their market position.

The second important mechanism is the signalling function of green crypto-
assets. The growing interest of investors in digital assets with a low environmental 
footprint can be interpreted as a signal of changing market preferences and the 

the structure of investment portfolios and the allocation of capital in the economy 

boost interest in shares of companies in the renewable energy sector, increasing 
their liquidity and stock market stability.
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Another aspect of the impact of crypto-assets with limited environmental impact 

markets fosters the dissemination of information about the environmental impact 
of economic activity, which in turn may lead to a change in investment strategies. 

Summary

The development of blockchain technology and crypto-assets poses environmental 
challenges to the modern digital economy, primarily related to high energy 
consumption and greenhouse gas emissions in traditional Proof of Work consensus 
mechanisms. The analysis carried out in the article indicates that the impact of PoW 
includes not only energy intensity, but also social, economic and regulatory issues, 
which highlights the need to look for more sustainable technological solutions. 
Crypto-assets with a limited environmental impact are one of the possible responses 
to these challenges. They use consensus mechanisms with lower energy intensity, 

integrate functions related to supporting environmental initiatives and renewable 
energy sources.

environmental impact can contribute to reducing energy consumption compared to 

to assess unequivocally due to the limited availability of comparable data and the 
dynamic development of the cryptocurrency market.

The literature also indicates that the development of crypto-assets with limited 

segment faces numerous limitations, including the lack of uniform standards for 
reporting environmental impact, the risk of greenwashing, the immaturity of some 
technological solutions and regulatory diversity at the international level. Therefore, 
further research is needed on the actual environmental impact of crypto-assets 
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