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Overview
Data centers, i.e. centralized facilities for processing, management, and dissemination of data and information, have become essential to the functioning of contemporary socio-economic systems. Companies of virtually any size and sector, government institutions, universities, and others rely on data center services to facilitate business transactions, administration, information processing, and communications functions. Information technology, and data centers as an important part of it, created significant social and economic benefits but, on the other side of the coin, concern about data centers’ soaring energy consumption and associated CO2 emissions emerged in recent years. This concern manifested in several public and private initiatives that attempt to promote energy efficiency and “green” technologies in data centers (see e.g.(EPA 2007; IES 2007; GreenGrid 2008)).
The rapid emergence of data centers, however, provides great challenges to energy demand and efficiency analysis; even in describing the status quo. There are considerable technical uncertainties in estimating data centers’ energy use, as statistics on the number of data centers, their current floor areas, power densities, and energy use are non-existent. Policymakers and industrial initiatives that attempt to drive the market for efficiency need to be informed about the role data centers play in today’s and future energy systems. For that reason, credible estimates on current and future trends in data center energy usage are required.
This is exactly the focus of this paper. We analyze the nationwide impact of data centers on energy and emissions in Germany for the period 1998-2008. 
Method
We have developed a model that allows systematically analyzing past trends, the present situation, and probable future trends in data centers’ energy use on a national scale. Data to parameterize the model are derived from comprehensive statistics about the major IT-equipment operated in data centers and a detailed technical survey on energy efficiency in data centers conducted by the Berlin Institute of Technology (IZE 2009). In order to account for uncertainties associated with the analyses, we apply Monte Carlo simulation methods.
Results
Our major findings can be summarized as follows: 
· Electricity demand of German data centers grew by the factor 5, from 1.7 TWh in 1998 to 8.2 TWh in 2008 (see Figure 1). This equals a compound annual growth rate of 17%, which corresponds to growth rates found for other countries and regions respectively (Koomey 2008). 

· The soaring installed base of IT-equipment operated in data centers, especially the number of servers, are the primary causes of the increase in energy use.

· Previous studies significantly overestimated electricity use of German data centres. 

· Dominant sources of uncertainty in the analysis are the allocation of IT-equipment to data centers, the specific energy consumption of the respective vintages of IT-equipment, and the amount of electricity used by the physical infrastructure (ower delivery systems and cooling systems) required in data centers. 
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Figure 1: Simulated electricity consumption by German data centers in the period 1998 - 2008
Conclusions

The data centers’ “energy crisis” is a fairly recent phenomenon that has lead to growing interest in so called Green IT, i.e. data center design that is more energy efficient and environmentally friendly. This tentative sign of a paradigm shift is not only the result of increasing concern about global warming, but it is also due to the fact that rising energy costs contribute a significant share to the total cost of ownership of data centers. In the case of Germany and, in all probability, even so elsewhere great uncertainties exist in estimating current and future trends in energy demand of data centers. Our analysis reveals the most important uncertainties in analyzing the energy situation of data centers in Germany. These results are prerequisite in strategically guiding further research on energy use in German data centers. 
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