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Abstract 
Cryptocurrency mining, especially Bitcoin's Proof of Work (PoW), significantly impacts 
the environment through high energy consumption, carbon footprint, and e-waste. 
Ethereum's adoption of Proof of Stake (PoS) in 2022 offers a potential solution to reduce 
these effects. This study compares the environmental impacts of PoW and PoS, focusing 
on energy consumption, mining efficiency, hash rate, and carbon footprint. Using 
regression analysis and t-tests on data from Bitcoin (PoW) and Ethereum (before and 
after PoS) from 2017 to 2024, the results show that PoS significantly reduces energy 
consumption, carbon footprint, and e-waste, while improving mining efficiency. The 
findings highlight that transitioning to PoS can mitigate the environmental impact of 
cryptocurrency mining and encourage its broader adoption to align with global 
sustainability goals. 
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Introduction 
Cryptocurrency mining has become a major global industry, and with its rapid growth, 
its environmental impacts have become a significant concern. Traditional Proof of Work 
(PoW) consensus mechanisms, such as those used in Bitcoin, are known to be energy-
intensive, resulting in a substantial carbon footprint and significant electronic waste (e-
waste) due to the high computational power required [7, 21, 23]. Mining operations 
under PoW consume massive amounts of electricity to solve complex mathematical 
puzzles, leading to increased greenhouse gas emissions and environmental degradation 
[11, 30]. In response, alternative consensus mechanisms like Proof of Stake (PoS), 
adopted by Ethereum in 2022, have emerged as potential solutions to reduce these 
environmental impacts [1, 10]. PoS consumes far less energy, as it eliminates the need 

https://creativecommons.org/licenses/by-nc/4.0/deed.id
https://creativecommons.org/licenses/by-nc/4.0/deed.id
https://creativecommons.org/licenses/by-nc/4.0/deed.id
https://doi.org/10.31603/biseb.233
mailto:adelianur90@gmail.com


BIS Economics and Business  
 

6th BIS-HSS 2024, Virtual Conference, December 11, 2024 V225015-2 
 

 

for energy-intensive mining equipment and instead relies on staking to validate 
transactions [3, 13, 25]. However, while PoS promises environmental benefits, its 
practical implications in terms of energy use and environmental sustainability need 
further investigation, particularly in comparison to PoW [22, 23]. 

This study aims to address the gap in understanding the environmental implications of 
different consensus mechanisms used in blockchain technologies. Specifically, it 
investigates the differences between PoW and PoS in their effects on energy 
consumption, mining efficiency, carbon footprint, and e-waste. Previous studies have 
highlighted the energy consumption associated with PoW mining and its environmental 
costs, but there is limited research on how the transition to PoS impacts these 
environmental factors  [1, 10, 26, 30]. This research focuses on analyzing the role of 
energy consumption and mining efficiency in shaping the environmental impact of 
cryptocurrency mining, particularly in the context of Ethereum’s shift from PoW to PoS. 
By comparing these two consensus mechanisms, the study aims to offer a clearer 
understanding of the potential benefits and trade-offs associated with transitioning to 
more sustainable blockchain technologies. 

The findings of this study have important implications for both the cryptocurrency 
industry and policymakers concerned with sustainability. The research will provide 
critical insights into how PoS can offer significant reductions in carbon footprint and e-
waste compared to PoW, thus supporting a more sustainable future for blockchain 
technologies. Furthermore, this study will help inform decisions on regulatory 
frameworks and mining practices, encouraging the adoption of energy-efficient 
technologies and consensus mechanisms across the cryptocurrency ecosystem. By 
understanding the environmental implications of blockchain mining, stakeholders can 
take proactive steps toward reducing the ecological footprint of this growing industry 
[22, 30]. 

Method 
This study analyzes the environmental impact of crypto mining, focusing on carbon 
footprint and e-waste from May 20, 2017 to October 26, 2024. It uses data from CBECI, 
Digiconomist, and Blockchain.com, employing two statistical models [5]. The first model 
uses panel regression to assess how independent variable influence the carbon 
footprint of Bitcoin and Ethereum. The equation is: 

𝑐𝑎𝑟𝑏𝑜𝑛_𝑓𝑜𝑜𝑡𝑝𝑟𝑖𝑛𝑡!,# =	𝛽$ +	𝛽%	𝑒𝑛𝑒𝑟𝑔𝑦_𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛!,# + 𝛽&	𝑚𝑖𝑛𝑖𝑛𝑔_𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦!,# +
𝛽'	ℎ𝑎𝑠ℎ_𝑟𝑎𝑡𝑒!,# +	𝛽(𝑐𝑜𝑛𝑠𝑒𝑛𝑠𝑢𝑠!,# +	𝛼! +	𝛾# +	∈!,#                  … (1) 

An independent t-test compares Bitcoin and Ethereum from September 15, 2022 to 
October 26, 2024 for energy consumption, mining efficiency, and hash rate. A paired 
sample t-test examines changes in these variables for Ethereum before and after 
September 15, 2022 [8]. Furthermore, the second model uses linear regression to 
analyze how independent variable influence Bitcoin mining e-waste [5, 8]. This approach 
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aims to identify factors influencing carbon footprint and e-waste, providing insights into 
the environmental impact of PoW and PoS protocols. The equation is: 

𝑒)*+#, =	𝛽$ +	𝛽%	𝑒𝑛𝑒𝑟𝑔𝑦-./+012#!./ + 𝛽&	𝑚𝑖𝑛𝑖𝑛𝑔,33!-!,/-4 +	𝛽'	ℎ𝑎𝑠ℎ_𝑟𝑎𝑡𝑒 +
	𝛽(𝑐𝑜𝑛𝑠𝑒𝑛𝑠𝑢𝑠+	∈        … (2) 

Results and Discussion 
The regression analysis using the fixed effects model 1 (Table 1) demonstrates significant 
impacts of energy consumption, mining efficiency, hash rate, and a dummy variable on 
the carbon footprint. A coefficient of 0.751207 for energy consumption indicates that 
each unit increase in energy consumption leads to a 0.751207 unit rise in carbon 
emissions, consistent with prior research [17, 23, 28]. Mining efficiency has a negative 
coefficient of -2.15E-06, suggesting that decreased efficiency correlates with increased 
carbon emissions, aligning with Morrell's findings on the importance of efficiency [15]. 
The hash rate shows a positive coefficient of 3.56E-08, indicating that higher hash rates 
are associated with increased emissions, confirming literature conclusions [11, 17]. 
Lastly, the dummy variable reflects significant effects (15.13118), highlighting that 
changes in consensus protocols can notably reduce environmental impact [3, 6]. 

Table 1. Model 1 
Variable Coefficient Std. Error t-Statistic Prob. 

C 2.33367 0.37413 6.23756 0.0000 
Energy Consumption 0.75121 0.00540 139.23890 0.0000 

Mining Efficiency -2.15E-06 1.30E-07 -16.56853 0.0000 
Hash Rate 3.56E-08 1.57E-09 22.73014 0.0000 

Dummy Consensus 15.13118 0.528257 28.64362 0.0000 
 
The independent samples t-test (Table 2) reveals significant differences in key 
environmental and operational metrics between Bitcoin and Ethereum from September 
15, 2022, to October 26, 2024. During this period, Bitcoin continued using Proof of Work 
(PoW), while Ethereum transitioned to Proof of Stake (PoS) post-merge. Bitcoin's 
average carbon footprint is 131.0947 MtCO2e, compared to Ethereum's 0.0020 MtCO2e 
(t = 120.053, p = 0.000). In terms of energy consumption, Bitcoin averages 131.0947 TWh, 
while Ethereum uses only 0.0086 TWh (t = 120.047, p = 0.000). Bitcoin's mining 
efficiency is 286.7117 J/TH versus Ethereum's 0 J/TH (t = 65.585, p = 0.000), and Bitcoin's 
hash rate (448,002,642.3380 TH/s) far exceeds Ethereum's (0 TH/s) (t = 88.209, p = 
0.000). These results confirm that Ethereum's transition from PoW to PoS dramatically 
reduced its energy consumption and hash rate (Figure 1), consistent with recent studies 
on blockchain technology's environmental impacts [2, 3, 6]. 
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Table 2. Independent sample t-test  
Consensus N Mean Levene's Test for 

Equality of Variances 
t-test for Equality of 

Means 
   

F Sig. t df Sig. 
Carbon footprint Bitcoin 772 131.0947 2149.00 0.000 120.053 1542 0.000  

Ethereum 772 0.002 
  

120.053 771 0.000 
Energy consumption Bitcoin 772 131.0947 2148.44 0.000 120.047 1542 0.000  

Ethereum 772 0.0086 
  

120.047 771 0.000 
Mining efficiency Bitcoin 772 286.7117 1079.27 0.000 65.585 1542 0.000  

Ethereum 772 0 
  

65.585 771 0.000 
Hash rate Bitcoin 772 4.48E+08 3170.91 0.000 88.209 1542 0.000  

Ethereum 772 0 
  

88.209 771 0.000 
 

 
Figure 1. Comparison between Bitcoin and Ethereum 

The paired sample t-test (Table 3) evaluated the significant changes in Ethereum's 
environmental impact and operational parameters during its transition from Proof of 
Work (PoW) to Proof of Stake (PoS). Results show substantial reductions in all variables 
post-transition. Carbon footprint decreased from 8.2113 MtCO2e (PoW) to 0.002 
MtCO2e (PoS) (t = 67.573, p = 0.000). Energy consumption fell from 47.5971 TWh to 
0.0086 TWh (t = 40.908, p = 0.000). Mining efficiency dropped from 501.4254 J/TH to 0 
J/TH (t = 387.438, p = 0.000), and hash rate decreased from 664,078,894.6 TH/s to 0 TH/s 
(t = 63.239, p = 0.000). These findings underscore the significant environmental benefits 
of Ethereum's shift to PoS, drastically reducing its carbon footprint, energy 
consumption, mining efficiency, and hash rate (Figure 2)  [3, 6, 15, 22]. 
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Table 3. Paired Samples Test     
Paired Differences t Sig.   

Mean N Mean Std. Dev. 
  

Pair 1 PoW_carbon_footprint 8.2113 772 8.20937 3.37555 67.573 0.000  
PoS_carbon_footprint 0.002 772 

    

Pair 2 PoW_carbon_footprint 47.5971 772 47.58846 32.32258 40.908 0.000  
PoS_carbon_footprint 0.0086 772 

    

Pair 3 PoW_carbon_footprint 501.4254 772 501.4254 35.95943 387.438 0.000  
PoS_carbon_footprint 0.000 772 

    

Pair 4 PoW_carbon_footprint 664078.8946 772 664078.9 291771.8 63.239 0.000  
PoS_carbon_footprint 0.000 772 

    

 
Figure 2. Comparison between PoS and PoW 

The regression analysis (Model 2) in Table 4 unveils the significant impact of key 
operational parameters on electronic waste generation in cryptocurrency mining. This 
model examines how various aspects of the mining process contribute to the 
production of e-waste, shedding light on the environmental consequences of different 
mining practices. Energy consumption positively influences e-waste production, with a 
coefficient of 0.1504, indicating that higher energy use leads to more e-waste, 
consistent with previous studies [23, 25, 26, 30]. Mining efficiency negatively impacts e-
waste (coefficient -3.51E-06), suggesting that improved efficiency reduces e-waste, 
aligning with Morrell's findings [12, 15, 24]. Hash rate also positively affects e-waste 
generation (coefficient 1.63E-07), indicating that greater computational power 
contributes to increased e-waste, as noted in the literature [9, 14, 22]. These findings 
underscore the need for enhanced mining efficiency and a shift to sustainable 
consensus mechanisms like Proof of Stake (PoS) to mitigate the environmental impact 
of cryptocurrency mining. 

Table 4. Model 2 
Variable Coefficient Std. Error t-Statistic Prob. 

C 37.54044 0.566968 66.21264 0.000 
Energy_Consumption 0.1504 0.005618 26.77219 0.000 

Mining_Efficiency -3.51E-06 1.17E-07 -29.9428 0.000 
Hash_Rate 1.63E-07 1.45E-09 112.4749 0.000 

The analysis reveals a significant relationship between energy consumption, mining 
efficiency, and hash rate with the environmental impact of cryptocurrency mining, 
particularly in terms of carbon footprint and e-waste [23, 26, 30]. It is evident that energy 
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consumption plays a critical role in increasing the environmental burden, as higher 
energy consumption correlates with a larger carbon footprint and more e-waste. This 
finding aligns with existing literature that identifies energy consumption as a key 
determinant of environmental damage in blockchain technologies [3, 4, 16, 18, 20, 29, 
30]. On the other hand, mining efficiency is shown to mitigate this effect, where 
improved efficiency in mining processes leads to a reduction in both emissions and 
waste generation. This supports the notion that more efficient mining technologies can 
reduce the environmental impact of cryptocurrencies [3, 4, 15, 27]. In contrast, hash rate, 
although necessary for computational power, has a direct positive effect on the 
environmental impact, indicating that higher computational demands result in more 
energy usage and, consequently, more e-waste and carbon emissions. This reinforces 
the findings of Zhang et al, who suggest that increased hash rate contributes to greater 
energy consumption and, in turn, worsens environmental outcomes [30]. 

The shift from Proof of Work (PoW) to Proof of Stake (PoS) presents a potential solution 
to reduce these environmental impacts significantly [15, 22]. The transition to PoS offers 
substantial reductions in energy consumption, e-waste, and carbon emissions, 
highlighting its advantages over the energy-intensive PoW mechanism. This is consistent 
with the work of Baur & Karlsen, who argue that PoS mechanisms are more energy-
efficient and environmentally friendly compared to PoW [6]. These results point to the 
broader implications of transitioning to more sustainable consensus mechanisms for 
blockchain networks. In practice, adopting PoS could not only improve the energy 
efficiency of cryptocurrency mining but also reduce the environmental harm associated 
with excessive electronic waste generation [3, 6, 11, 15]. This transition is crucial for the 
cryptocurrency industry, as it seeks to align with global sustainability goals and mitigate 
its contribution to climate change and electronic waste accumulation [3, 6, 10, 26, 27]. 
Further studies emphasize that blockchain systems moving to PoS will significantly 
lessen their ecological footprint, offering long-term sustainability benefits for the 
industry [3, 19]. 

Conclusion 
This study demonstrates that Proof of Work (PoW) significantly contributes to higher 
energy consumption, carbon footprint, and e-waste compared to Proof of Stake (PoS). 
The transition to PoS offers a more sustainable solution by reducing energy usage and 
environmental impact. The findings emphasize the importance of improving mining 
efficiency and adopting PoS as an eco-friendlier alternative in cryptocurrency mining. 
Theoretically, this study contributes to the understanding of the environmental 
implications of blockchain technologies, highlighting the benefits of PoS in mitigating 
environmental damage. Practically, it offers actionable insights for cryptocurrency 
mining operations, policymakers, and developers to promote sustainable mining 
practices by transitioning to PoS and enhancing mining efficiency to reduce 
environmental harm. Future research should assess the long-term impacts of PoS on 
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blockchain performance and sustainability. The cryptocurrency industry should focus on 
energy-efficient mining technologies and implement governance frameworks that 
promote sustainability, aligning the sector with global environmental goals. 
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