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Fig.2 Forecast results of global data center electricity consumption
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Table 1 Estimated energy consumption and carbon emissions for typical Al model training
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The Climate Impact Paradox of Artificial Intelligence:
Literature Review and Research Prospects

Abstract

CHEN Zhanming', XIONG Qiyang', HU Zitong"?, LIU Shiyun!,
MA Jianhong!"

1. School of Applied Economics, Renmin University of China, Beijing 100872, China;
2. School of Economics and Management, China University of Geosciences (Wuhan), Wuhan
430078, China

In the context of global climate governance, artificial intelligence (Al) exerts a dual effect on climate
change: acting as both a carbon-intensive energy consumer and an enabler of low-carbon
transitions, which creates a complex climate impact paradox. By conducting a systematic literature
review, this paper aims to clarify the relationship between Al, energy consumption, and carbon
emissions. The review reveals that the exponential expansion of computing infrastructure not only
exacerbates the impact of operational energy consumption on regional power grids but also
generates embodied carbon emissions through hardware manufacturing and electronic waste
disposal. Although Al demonstrates significant positive externalities in optimizing energy systems,
driving green technology innovation, and reshaping supply chains, the rebound effects triggered by
efficiency improvements across material, economic, and socio-behavioral dimensions often
diminish or even offset its decarbonization benefits, thereby inducing the Jevons Paradox.
Consequently, this paper argues that relying solely on exogenous technological progress is
insufficient to mitigate the environmental risks of Al. Instead, it is imperative to construct a
comprehensive governance framework that encompasses full life-cycle carbon footprint
accounting, software-hardware synergetic innovation, and market-based incentive mechanisms.
This mechanism aims to achieve the deep integration of computing power and green electricity,
positioning Al as a powerful engine for realizing sustainable development goals.

Key Words : artificial intelligence; data center; carbon footprint; rebound effect; low-carbon transition
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