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	Introduction	

 The cloud computing industry is facing a pivotal moment in its history as the rate of 

 technological innovation draws attention to critical issues surrounding sustainable 

 resource management. One significant problem is that the “Cloud now has a greater 

 carbon footprint than the airline industry.” Its energy usage is also so large that “data 

 centers collectively devour more energy than some nation-states,” with a single data 

 center using the “equivalent electricity of [up to] fifty thousand homes” (Monserrate, 

 2022, Cloud the Carbonivore section). These concerning statistics, among others, have led 

 to resource conservation and effectiveness being the main research priority in the field 

 (Panwar et al., 2022). Furthermore, if action isn’t taken soon, the effects of poor resource 

 management will worsen as emerging technologies like artificial intelligence (AI) strain 

 cloud infrastructure even further (Yan et al., 2024). 

 To investigate the pressing issue of sustainable cloud resource management, this paper 

 proposes that research be conducted in two parts. The technical portion of the research 

 would focus on the significant energy demands of cloud infrastructure, particularly in data 

 centers, and highlight the need for scalable, energy-efficient cloud solutions. As using AI to 

 optimize energy usage is a popular research topic in this field, the technical paper would 

 further assess the practicality of that approach. In comparison, the STS research would 

 explore corporate social responsibility and consumer expectations by analyzing the 

 sustainability decisions of major cloud providers. It would also address commonalities or 

 gaps in policy and outline the sociotechnical factors that drove the cloud industry to reach 

 its current state. By distilling the overarching sociotechnical problem into two prominent 
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 areas of interest, the proposed research papers hope to provide a holistic perspective on 

 the challenges of sustainable resource management. 

	Technical	Topic	

 Data centers account for almost 2% of all electricity usage in the U.S., with 40% of that 

 amount being used just on the cooling of cloud computing systems (Wang et al., 2023). 

 The scale and inefficiency of this energy usage is a serious technical problem as the 

 companies that provide power to cloud data centers are struggling to meet demand (Li & 

 Zhang, 2024). To combat this energy challenge, engineers within the field have primarily 

 focused on improvements to cooling efficiency. In particular, there is extensive literature 

 on using AI and machine learning (ML) to optimize data center cooling. Researchers like 

 Geng et al. have used empirical evidence to demonstrate that AI/ML algorithms can have 

 marked impacts on data center efficiency, even achieving 10% cooling energy savings 

 when compared to standard systems (2016). While I agree with Geng et al. that research 

 into AI-cooling solutions is warranted due to its potential to increase energy efficiency, 

 current literature on this topic often fails to recognize that the AI models themselves 

 require energy to run. This potential oversight may seem to produce a contradiction in 

 which energy-intensive AI is used to reduce an energy efficiency problem. However, if an 

 AI model can be found that results in a net reduction in overall energy usage, the costs of 

 running the AI would be worthwhile. Therefore, it is important to research the feasibility 

 of AI-optimized energy usage in cloud data centers. 
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 In order to analyze whether AI models can act as a viable energy-saving measure in data 

 centers, the technical paper will incorporate the results of evidence obtained through 

 multiple research methods. Those methods include document analysis, data mining, model 

 evaluation, and literature review. Document analysis and data mining will be tailored 

 towards reports with energy-usage data from companies and researchers experimenting 

 with AI-based cooling. Comparing electricity usage before and after implementing an 

 AI-cooling model will allow for patterns within the data to emerge that might point toward 

 the feasibility of incorporating AI into data center systems. Literature review and model 

 evaluation will be used on academic articles authored by AI and cloud experts. Current 

 literature on AI-enabled cooling often evidences case studies, simulation data, 

 mathematical proofs, and statistics that outline reasons why an AI-optimized cooling 

 system could help tackle the energy demands of data centers. Analyzing the tradeoffs of 

 various optimization algorithms through those sources will provide further context on 

 why and how researchers continue to investigate AI solutions despite their inherent 

 energy usage. For instance, Wang et al. informed me of the different applications for 

 model-free and model-based algorithms, which will help me in my future research to 

 determine if some AI approaches are more feasible than others in achieving a reduction in 

 energy utilization (2023). The technical research proposed above seeks to use the 

 discussion on AI-optimized energy usage to underscore the importance of energy-efficient 

 practices in cloud resource management. The paper will also aim to further conversation 

 on the role of AI in technical systems. 
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	STS	Topic	

 It is widely known that cloud computing results in the consumption of vast amounts of 

 electricity and the emission of large quantities of greenhouse gases. Despite these 

 environmental impacts, the demand for cloud resources continues to grow as emerging 

 technologies like Big Data and artificial intelligence necessitate an increase in data centers 

 (Yan et al., 2024). This balancing act between demand for compute resources and its 

 environmental ramifications poses a clear sociotechnical issue that needs to be addressed. 

 Yan et al. highlight the urgency of efficient resource management in this setting, and I 

 agree that environmental sustainability will be in jeopardy if current trends continue 

 (2024). A peer-reviewed MIT article by Monserrate further underscores the critical nature 

 of this problem as the cloud industry is mostly self-regulated (2022). I learned that there 

 is no overarching federal agency to impose data center guidelines, which means that the 

 proliferation of data centers could go unchecked and result in significant damage to the 

 environment. To investigate this pressing issue, I propose research regarding how and 

 why major cloud providers adopt their environmental strategies. By understanding the 

 factors that play into the sustainability policies of cloud providers, it becomes easier to 

 pinpoint where changes need to be made in order to strike a balance between 

 technological innovation and preserving the environment. 

 In order to compare the key considerations that go into developing cloud sustainability 

 strategies, the STS paper will utilize evidence obtained through a variety of research 

 methods. The main research methods that will be employed in the STS paper are 

 document, policy, and ethical analysis. Document analysis will be used on the 
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 environmental reports of leading cloud providers to compare emissions, water 

 stewardship, and electricity usage statistics. These primary source documents can also be 

 used to find commonalities or gaps across the different policies. For instance, it would be 

 interesting to explore the sociotechnical factors behind why Amazon Web Services (AWS) 

 has the least ambitious carbon emissions policy of the top 3 cloud providers and how that 

 affects its marketing. Specifically, AWS hopes to achieve net-zero carbon emissions by 

 2040 (Venkatesan & Karibandi, 2024) compared to Google Cloud Platform's goal to reach 

 net-zero carbon emissions by 2030 (Hölzle, 2022). Microsoft Azure’s policy goes a step 

 further and outlines how its strategy is the most aggressive, trying to be carbon-negative 

 by 2030 (Nakagawa & Smith, 2023). Cloud scholars and climate activists know that 

 operational costs and public image are often some of the driving sociotechnical factors in 

 these policy decisions (Shan et al., 2024), but their research can be expanded upon using 

 the Social Construction of Technology (SCOT) theory (Bijker et al., 2012). Investigating 

 corporate social responsibility and consumer expectations in the cloud computing 

 industry under this framework will highlight how cloud computing reached its current 

 state. In addition to document analysis, policy analysis can be used on state/federal codes 

 and the few regulations that exist for data centers. Marwah et al. taught me that it is very 

 difficult for cloud service providers to balance environmental sustainability with 

 consumer demand for quality of service and availability (2010), so it is essential to 

 explore how the lack of federal regulation and any new proposed bills affect the strategies 

 that cloud industry leaders adopt. Finally, ethical analysis can be used on statements and 

 reports from cloud industry executives to determine how much of a role ethics plays in 

 these strategies. I learned from Lucivero that the policies of cloud providers tend to focus 
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 on physical sustainability, rather than the socioeconomic environment that the data 

 centers affect (2019), so it would be interesting to explore deontological or utilitarian 

 viewpoints (Johnson, 2020) to analyze what cloud providers should cover in their 

 environmental strategies. 

	Conclusion	

 Sustainable resource management is an essential topic to explore in today’s digital age. 

 Researching this sociotechnical issue in the cloud computing industry can drive further 

 discussion and highlight potential innovative solutions for an industry that is struggling to 

 keep up with the rate of technological innovation. In particular, the technical and STS 

 research posed in this paper aims to grow awareness of the challenges of cloud resource 

 management and propose new paths forward that can help reduce operational and 

 environmental costs. The anticipated deliverable from the technical research is an artifact 

 outlining the feasibility of incorporating AI algorithms into cloud computing systems to 

 conserve energy. Potential technical findings from this research include a ranking of AI 

 resource optimization algorithms (if any are found to be practical) as well as the 

 identification of the largest culprits of inefficient energy usage in cloud data centers. These 

 technical findings can help cloud providers make informed decisions on how they should 

 handle resource management. The expected result of the STS research is a detailed 

 analysis of the environmental strategies of major cloud service providers, which will 

 improve readers’ understanding of the ethical and policy decisions surrounding cloud 

 infrastructure. Possible conclusions from this research are distinguishing which cloud 

 providers have the most ambitious environmental goals and pinpointing gaps in certain 
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 policies. By combining the outputs of the technical and STS research, readers will have the 

 knowledge and tools to start new dialogues and research to improve sustainable cloud 

 resource management. 
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