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Abstract. Data are the new fuel. We call it ‘Energy to Data, Data to Heat! Placing data centers at locations where both the demands for information
technology and heat coincide with server virtualization and load-optimization allows circular economy approaches. We investigate the effect of direct hot-

liguid cooling characteristics on the energy reusage factor. Depending upon the location, 85 % to slightly less than 100 % values are achievable. Optimized
servers and components significantly contribute to the objective.
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« High degree of dispersion in data in multi-CPU/GPU systems = disadvantageous
small calorific mean temperature of the liquid in those systems

Summary and Outlook
 Annual simulations and experiments show positive effects of DHLC with
server virtualization and load-optimization
High HCR in the server yield high ERF of 85 % to almost 100 %
0.95 Max. coolant outlet temperature (43 °C to 72 °C) depends strongly upon
the server system
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Chips and servers should be optimized for DHLC.

Enormous potential: When we use the waste heat of the DC to produce
potable water from seawater, a 40 MW DC installation would be sufficient
to supply all residents of the United Arab Emirates [7] with the annual

bottled water consumption.
Ofys0
ot

0.9

0.85

FigI3NSIMUISEION: Energy reusage factor of a Cloud&Heat data center. G t . t h
el INn toucC
References

[1] Masanet, E.; Shehabi, A,; Lei, N.; Smith, S. & Koomey, J. Recalibrating global data center energy-use estimates, Science, 2020, vol. 367, pp. 984-986 Wit h us atO
[2] United Nations Framework Convention on Climate Change (ed.) Adoption of the Paris Agreement, number FCCC/CP/2015/L.9/ReV.]

[3] ASHRAE TC 9.9, Thermal Guidelines for Data Processing Environments, 4th ed., vol 1. Atlanta, GA: ASHRAE, 2015

[4] https:;//gitlab.com/rak-n-rok/krake, downloaded on 23rd of July 2021 E

[5] Hantsch, A. Energieeffizienz durch softwaregefuhrtes Lastmanagement in verteilten Rechenzentren, Bitkom AK Software Engineering und AK Software Architektur — Software meets Sustainability, 16th June 2020 r

[6] Bronstein, I. N.; Semendjajew, K. A.; Musiol, G. & Muhlig, H. Taschenbuch der Mathematik, Frankfurt: Harri Deutsch, 2001

[7] Dakkak, A. Water Management in UAE, 2020. https://www.ecomena.org/water-management-uae/, downloaded on 23rd of July 2021 This work has been supported by the Federal Ministry of Education and
* Test reference years (TRY) are statistically prepared climatic data with hourly time-steps of temperature, humidity, wind, and the like. Research of the Federal Republic of Germany through the contract O1LY1916C.
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