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Abstract: This research aims to analyze the economics of crypto mining within the
framework of the digital transformation towards a sustainable network economy, by
comparing the Bitcoin model based on the Proof of Work (PoW) mechanism with the
Ethereum experience after its transition to the Proof of Stake (PoS) mechanism. The
research problem revolves around the ability of mining technologies to achieve a balance
between the requirements of decentralization and security on the one hand, and the criteria
of economic efficiency and environmental sustainability on the other. The research adopted
a comparative analytical approach based on the contents of academic papers and specialized
international reports such as the Cambridge Bitcoin Electricity Index, the World Economic
Forum (WEF), and the Crypto Carbon Ratings Institute, along with a critical analysis of the
economic and environmental structure of the two models. The results showed that the
Bitcoin network, despite its superiority in cybersecurity and decentralization, suffers from
high energy consumption exceeding 120 terawatt-hours annually, corresponding to the
emission of millions of tons of carbon dioxide, which reduces its long-term sustainability. In
contrast, Ethereum’s transition to PoS represented a significant turning point, reducing its
energy consumption by over 99.9% and making its carbon emissions virtually zero.

However, it also raises concerns about the potential for increased centralization.

The study concludes that adopting environmentally friendly consensus mechanisms such as
PoS is a pivotal path to enhancing sustainability in the network economy, and that the future
of this economy—qglobally and regionally—will depend on formulating regulatory
frameworks and sound governance that support digital innovation and reduce environmental
impact. The findings also recommend integrating sustainability criteria into digital asset
investment strategies, encouraging the adoption of renewable energy, and moving toward
"green mining," thus enhancing the integration of digital transformation with sustainable

development requirements.
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