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The energy consumption of data centers continues to in-
crease. At 17 billion kWh, data centers consumed 6.5 %
more electricity in 2021 than in 2020. The main reason
for the growth in energy consumption is the expansion
of cloud data centers in Germany and the associated in-
crease in the number of large data centers. However,
traditional data centers operated by companies them-
selves also continue to have a high share of data center
capacities in Germany.

These are the results of a recent study by the Borderstep
Institute on the development of the energy consumption
of data centers in Germany.

The growth in the energy consumption of data centers is
mainly due to the increased demand for IT performance
from data centers. Although servers are becoming more
and more powerful and the utilization of IT systems is in-
creasing, especially in cloud data centers, the sharp in-
crease in power demand is leading to higher electricity
consumption in data centers in Germany (figure 1). Of the
17 billion kWh of electricity consumed in data centers in
2021, almost 11 billion kWh went to IT components (serv-
ers, storage and network). Since 2010, the electricity de-
mand of the IT components in the data centers has thus
almost doubled. In comparison, the energy consumption
of the data center infrastructure (cooling/uninterruptible
power supply (UPS), etc.) increased only moderately from
4.6 to 6.1 billion kWh between 2010 and 2021. Therefore,
the efficiency of the data center infrastructure has im-
proved significantly. The so-called PUE value? is used as a
measure of the efficiency of the data center infrastruc-
ture. The average PUE value of data centers and small IT
installations in Germany improved from 1.82 to 1.56 be-
tween 2010 and 2021.

1 The Power Usage Effectiveness (PUE) value indicates the ratio of
the annual energy demand of the entire computing centre to the
annual energy demand of the IT of the computing centre.
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Figure 1: Energy consumption of servers and data centers in
Germany from 2010 to 2021 (Source: Borderstep)

If current trends continue, the energy consumption of
data centers in Germany will continue to rise in the future
despite the significant efficiency gains in IT and infrastruc-
ture components. By 2030, an increase to about 28 billion
kWh is expected. (Hintemann, GraB, Hinterholzer &
Grothey, 2022).

Servers need more and more power

A major reason for the rising energy consumption is the
increasing power consumption of the servers. If we look
at the 2-CPU servers measured for the SPECPower®
benchmark, they have a maximum power consumption
today that is almost two and a half times as high asin 2007
(figure 2). Despite this increase in power consumption, to-
day's systems are many times more efficient when com-
pared to the increase in computing power. The maximum
computing power of the systems has increased by a factor
of 50 in some cases over the same period.
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Figure 2: Maximum power consumption of servers with two
CPUs in the SPECpower® benchmark (2007 - 2021)

Strong growth of cloud data centers

According to current research by Eurostat, the share of
companies (10 employees or more) in Germany using
cloud services will be 42% in 2021, at the average Euro-
pean level. Especially in the Scandinavian countries Swe-
den (75 %), Finland (75 %), Denmark (65 %) and Norway
(64 %), cloud computing is used significantly more. But
also, in the Netherlands (65%) and Italy (60%) there is a
significantly higher share of companies using cloud ser-
vices. However, cloud use in Germany has been increasing
significantly in recent years. Between 2018 and 2021
alone, the number of cloud-using companies almost dou-
bled (Eurostat, 2022). One reason for this is not least the
Corona pandemic. Cloud providers in particular benefited
from the digitalization boost associated with the pan-
demic in the past year and will probably also emerge
stronger from the crisis in the long term. (eco & Arthur D.
Little, 2020). The significant growth in demand for cloud
services is one reason for the boom in the construction of
large data centers in Germany, which has been going on
for years. The cloud currently accounts for one-third of
data center capacity in Germany. By 2025, cloud compu-
ting is expected to become the dominant deployment
model in Germany. Especially in the Frankfurt Rhine-Main
and Berlin/Brandenburg regions, there are currently a
number of new data center projects with rated IT power
in the order of 100 MW and more. (Hintemann et al.,
2022).

Own operation of data centers continues to be very
important

Despite the strongly increasing share of cloud computing
in data center capacities in Germany, the in-house opera-
tion of data centers is also an important issue for a large
proportion of companies. The capacities of traditional
data centers in Germany have so far remained at a con-

An article on this topic for a scientific journal is currently being pre-
pared.

When mining cryptocurrencies, high computing power is usually
used in a network to ensure that the currencies are tamper-proof.

stant level. The growth in total capacities is almost exclu-
sively due to cloud data centers. It is also to be expected
that this development will change little in the future. Ac-
cording to a recent representative survey, only about 5 %
of companies are planning to do without their own data
centers. (Hintemann et al., 2022).

Waste heat from data centers must be recovered for
climate protection

Against the backdrop of advancing climate change and
the challenge of reducing dependence on fossil fuels such
as oil and gas, the use of waste heat is becoming increas-
ingly important. Data centers can make a significant con-
tribution to this. Up to now, the electricity consumed in
data centers has been released unused into the environ-
ment in the form of heat. Until now, this was due in par-
ticular to the lack of economic efficiency of waste heat
utilization from data centers. (Clausen, Hintemann &
Hinterholzer, 2020). In the future, however, it can be as-
sumed that the conditions will be significantly different,
so that the use of waste heat from data centers can be-
come very important. The reasons for this are the chang-
ing framework conditions of energy supply, new technical
approaches such as liquid cooling of servers or the use of
artificial intelligence to optimize heat extraction and heat
networks.

Worldwide development: High share of crypto-min-
ing in the increasing energy demand of data centers
If one analyses the available studies and publications on
the worldwide energy consumption of data centers, no
uniform picture emerges. Some researchers assume a sig-
nificant increase in energy consumption worldwide (An-
drae, 2019; Belkhir & Elmeligi, 2018; Petit, Carlini &
Avelar, 2021; The Shift Project, 2019). In other studies, on
the other hand, the energy consumption of data centers
has remained almost constant in recent years. (IEA, 2017;
Masanet, Shehabi, Lei, Smith & Koomey, 2020; Shehabi,
Smith, Masanet & Koomey, 2018). For the year 2020, for
example, the calculations range from about 200 billion
kWh to almost 900 billion kWh.

With the help of the structural bottom-up model of data
centers developed for Germany, an estimate of the devel-
opment of the global energy consumption of data centers
can be made. This can be done on the basis of worldwide
sales figures for servers and by adjusting the model as-
sumptions. Taking into account uncertainties due to pa-
rameter variations, a global energy consumption of data
centers in the order of 350 to 500 billion kWh/a can be
calculated in 20212 . Mining® of cryptocurrencies is re-
sponsible for about a quarter of this energy consumption.
If one analyses various model calculations on the subject

During this process, new "coins" are created ("mining") and distrib-
uted to the miners as a reward for their computing power.



of crypto-mining (CBECI, 2022; Digiconomist, 2022a,
2022b) an energy consumption in the order of 80 to 120
billion kWh/a seems likely.

Methodology of the study
This study is based on work by the Borderstep Institute on
the development of data centers in Germany.

According to the underlying system, data centers are all
closed spatial units such as server cabinets, server rooms,
parts of buildings or entire buildings in which IT compo-
nents such as servers, storage and network components
are installed. Small IT installations that centrally provide
computing and storage services are also explicitly consid-
ered data centers. The development of data center capac-
ities is calculated in particular on the basis of the server
equipment in the data centers. The different performance
classes of servers are also taken into account.

The calculations are made with the help of a comprehen-
sive structural bottom-up model of the data center land-
scape in Germany and Europe, which was developed at
the Borderstep Institute and is updated annually (Fichter
& Hintemann, 2014; Hintemann, 2017a, 2020; Hinte-
mann, Clausen, Beucker & Hinterholzer, 2021; Hinte-
mann, Fichter & Stobbe, 2010; Hintemann et al., 2022;
Hintemann & Hinterholzer, 2019, 2020; Hintemann, Hin-
terholzer, Montevecchi & Stickler, 2020; Hintemann et al.,
2020; Stobbe et al., 2015). The model describes the data
centers in various size classes in terms of their equipment
with different server types, storage systems and network
infrastructures. The age structure of the servers and the
energy requirements of the various server types in differ-
ent operating states are also taken into account. In addi-
tion, the data center infrastructures such as air condition-
ing, power supply, UPS, etc. are modelled.

The following sources in particular were used for the cur-
rent calculations:

= Study " Rechenzentren in Deutschland - Aktuelle
Marktentwicklungen " (Hintemann et al., 2022)

= Energy-efficient Cloud Computing Technologies and
Policies for an Eco-friendly Cloud Market" study
(Hintemann et al., 2020)

= Study "Data Centers in Europe - Opportunities for
Sustainable Digitalization - Part 1" (Hintemann &
Hinterholzer, 2020)

= Study " Entwicklung des IKT-bedingten Strombedarfs
in Deutschland " - Study by Fraunhofer IZM and Bor-
derstep on behalf of the Federal Ministry for Eco-
nomic Affairs and Energy (Stobbe et al., 2015)

=  Current results of studies on the development of the
data center market (CBRE, 2017, 2018, 2020; Cisco,
2015, 2016; Gartner, 2020; Hintemann, 2014, 2017b;
Hintemann & Clausen, 2018a, 2018b; Hintemann,
Fichter & Schlitt, 2014; Howard-Healy, 2018)

= Data from the market research institute Techconsult
on the market development of server, storage and

network components (eanalyzer) (Techconsult, 2014,
2015, 2016)

= Data from the market research institutes IDC and
EITO on the market development for servers in Ger-
many and Europe (EITO, 2014, 2019; IDC, 2018, 2021)

=  Scientific literature and manufacturer information on
the development of energy consumption of services,
storage and network products and other efficiency
technologies for data centers.
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