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1 Problem, objective and methodology

The energy demand for information and communication technology (ICT) is esti-
mated at almost 1.5 % of the total final energy consumption in Germany, or 7.1 %
of the electricity consumption (Geiger/Wittke 2002). This field of application has
the greatest significance in the household and the tertiary sectors. It is generally
accepted that the demand for information and communication services will increase
and thus also at first the associated electricity consumption. This is valid both inter-
nationally (IEA 2000) and for Germany (Prognos/EWI 1999; Ziesing et al. 1999;
Böde et al. 2000a). However, the future development of electricity demand is espe-
cially difficult to estimate in the information and communication sector since the
technologies and applications are changing and expanding so rapidly. In addition,
the data situation on energy consumption is unsatisfactory for both the present and
the past in the household and tertiary sectors in general and in the application field
information and communication in particular (Diekmann et al. 2000).

The electricity demand caused by electrical and electronic appliances in households
and offices and the associated conservation possibilities have been the subject of
increased research for some time (for Germany, among others, in Rath et al. 1997;
Rath et al. 1999; Brohmann et al. 2000; Böde et al. 2000a; Böde et al. 2000b; Wup-
pertal Institut/ebök 2000; Barthel et al. 2001; internationally, among others, in
Huber/Mills 1999; Kawamoto et al. 2001; Mitchell-Jackson 2001; Roth et al. 2002).
On a policy level, there are a series of initiatives dealing with this topic on a Euro-
pean level by the IEA and the European Commission and also on a regional level.
These activities focus on the reduction of the no-load or standby consumption of
electrical and electronic appliances. For example, the Standby Initiatives of the IEA
and the European Commission, the recent adoption of the Energy Star-Label for
office appliances in the European Union and, in Germany, the 1999 Standby cam-
paign conducted with the support of the Federal Ministry for the Environment
(Brohmann et al. 2000), the "Aus - wirklich aus?" ("Off - really off?") campaign of
the Energiestiftung Schleswig-Holstein1 and the "Initiative EnergieEffizienz"
launched in Autumn 2002 by the Associations of the Electricity Industry (VDEW,
VRE, VKU) and the German Energy Agency (dena)2.

Increasing power consumption for ICT applications represents a basic risk both
with regard to climate protection and against the background of the expected shut-
down of nuclear power stations in Germany. On the other hand, the prospects for
improved energy use due to ICT applications should not be neglected. These are
found in existing electricity saving potentials in the ICT sector itself, which could

                                                
1 www.wirklich-aus.de

2 www.initiative-energieeffizienz.de
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be exploited to a greater extent, as well as in possibilities to save energy in other
sectors through increased use of new ICT applications (e.g. through remote moni-
toring in the transport sector, in the intelligent home, in energy technology auxiliary
systems, especially in contracting and in logistics). Neither aspect has been the
subject of much research so far. Nor have the indirect impacts of ICT  on energy
consumption been analysed to any great extent so far. This is particularly true for
transport services which, on the one hand, may become unnecessary due to elec-
tronic services (e.g. electronic banking services, telephone conferences, decentral-
ised printing of daily newspapers), but, on the other, may create additional transport
services (e.g. e-commerce).

Against this background, the objectives of this survey are,

• to qualitatively and quantitatively analyse the direct and indirect influence of
modern appliances, systems and services of information and communication
technology on the energy consumption in Germany up to the year 2010,

• to develop an "early warning system" which indicates in good time the danger of
increasing power consumption or opportunities for rational energy use or the
substitution of applications as well as

• to make concrete suggestions on this basis for energy policy at a national and EU
level.

The current and future direct electricity demand of ICT appliances and the associ-
ated infrastructure was methodically determined based on a model consisting of the
following components (Figure 1-1):

• the stock of today as well as the expected stock development including new ap-
pliances or uses up to 2010.

• Electricity consumption of the appliances in the different operating modes as
well as the energy consumption of the underlying infrastructure. Following Böde
et al. (2000a), the following four operating modes are distinguished in this study:
normal, standby, off-mode, and off. The definitions on which these modes are
based are shown in Figure 1-2 3.

• Operating times in the various modes, i. e. the respective intensity of use.

• The future power demand is further influenced by the existence of (technical and
behavioural) saving potentials with regard to the energy consumption in the dif-
ferent modes and their actual implementation.

                                                
3 As yet there is no uniform definition of the operating modes, but several different approaches

have been developed. Especially the term "standby" is used inconsistently. When naming the in-
dividual modes, there is the additional problem that not every German term has a corresponding
unamb iguous English translation and vice versa.
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Figure 1-1: Model to determine the power demand of ICT appliances and
the associated infrastructure

Normal operation
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Σ
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To determine the individual components of the model, the following methodology
was selected:

• systematic analysis of already existing studies, statistics, brochures and manu-
facturer's information about appliances, the total system of stationary and mobile
communication services and their direct and indirect (induced) energy consump-
tion (and reduced demand) as well as expected developments in the near future
in Germany.

• Conducting questionnaire-based expert interviews on several groups of appli-
ances for which insufficient data was available. These interviews focused on the
sector of telecommunications and data processing infrastructure (mobile com-
munications, fixed network, internet, servers).

• Conducting own measurements for a series of appliances, especially to determine
consumption in the off-mode because the current data situation is still relatively
poor in this area.

• Own estimations of power consumption and potentials for electricity conserva-
tion based on the information gathered for those areas of application for which,
up to now, no or only incomplete data are available.
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Figure 1-2: The definition of operating modes for ICT devices
used in this study
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“IDLING”

The starting-point for the study was a detailed list with all the main ICT appliances
which were examined for Germany with regard to their current stock and energy
requirement as well as the expected development up to 2010 (see Table 1-1). This
list differentiated between the main functions of entertainment, communication,
data processing and intelligent home (wired home), in which the individual appli-
ances were additionally grouped according to functions within a main group. A dis-
tinction was made between private households and offices as areas of use. End-use
appliances and the associated infrastructure are examined separately. In the latter, a
further differentiation was made between in-house infrastructure and the infra-
structure of the telecommunications companies.
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Table 1-1: List of the ICT appliances and the associated infrastructure considered in this study
Function End-use appliances Infrastructure (in-house) Infrastructure of the tele-

Main group Households Offices Households Offices communications compa-
nies

Audio  (stationary) Television
Compact system Satellite receiver
Stereo system Antenna preamplifier
Hifi amplifier Set-top box
Cassette recorder LNB
CD player
Minidisc player
Audio-DVD player
Clock radio
Audio  (portable)
Radio-tape deck
Television
Cathode ray TV
LCD TV
Plasma TV
TV projector
Video recorder
Video recorder (analog)
Video-DVD player/recorder
Cameras
Video camera/Camcorder
Digital camera
Others
Video game console
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)

Mains power supply 
1

Telefony (fixed network) Cameras Internet-Infrastructure Networking Fixed network
Cordless phone Video camera/Camcorder DSL splitter Router (19 inch rack) Power demand per channel
Smart phone Digital camera DSL modem Hubs Power demand per DSL line
Answering machine Telefony (fixed network) CATV modem Switches Mobile communications
Fax machine Cordless phone Satellite modem Telephone system Mobile base station GSM
Telefony (mobile) Smart phone PLC (powerline communication)

adapter
Private branch exchange Mobile switching centre GSM

GSM Answering machine PLC house coupler Others Mobile base station GSM
UMTS Fax machine Router (DSL) Intercom Mobile switching centre GSM

Telefony (mobile) Telephone modem
GSM Telephone system
UMTS ISDN box

Others

C
om

m
un

ic
at

io
ns

Intercom
1 Mains power supplies are balanced for the appliances.
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Table 1-1 continued ...
Function End-use appliances Infrastructure (in-house) Infrastructure of the tele-

Main group Households Offices Households Offices communications compa-
nies

Computer Computer Server Data centres/DP centres
Personal Computer (PC) Personal Computer (PC) lower price range (<25 k€)
Notebook Notebook medium price range (<100 k€)
PDA PDA upper price range (>100 k€ )
Monitor Monitor UPS
Cathode ray Cathode ray for routers
LCD LCD for switches
Printer Printer for servers (lpr)
Inkjet Inkjet for servers (mpr)
Laser Laser for servers (upr)
Matrix Matrix
Others Others
Scanner Scanner
Copier (Desktop) Copier

D
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a 
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es
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ng

Active boxes (PC) Projector
Household appliances Networking technology
Microwave Gateway System
Cooker Central Control Unit
Extractor hood Intelligent home bus system
Coffee maker
Dishwasher
Refrigerator
Fridge/freezer combination
Freezer
Washing machine
Dryer
Washer/dryer combination
Heating/hot water
Small boilers
Hot water boiler
Continuous flow
Heating system
Security equipment
Surveillance camera
Motion detector
Operating terminal/monitor
Automatic doorlock
Alarm systems
Smoke detector
Others
Time switches
Sensors/actuators
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 h
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e

Lighting
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2 The stock and energy demand of modern ICT appli-
ances in Germany up to 2010

This study centred upon determining the current and future electricity demand of
ICT devices and their associated infrastructure using the model described above
(Figure 1-1). The main results are presented in a summarised form below. All the
input data to the computational model can be taken from the detailed tables in Ap-
pendix 1. These include data on the stock, power consumption and times of use as
well as the results obtained for the development of the electricity demand of the ICT
devices listed in Table 1-1 in Germany for the base year 2001 and the predicted
dates 2005 and 2010.

2.1 End-use appliances in private households

Stock development

Determining the stock of ICT end-use devices in German households in 2001 and
estimating the development up to 2010 was based on the equipment of households
with these appliances. The stock of devices was extrapolated using the number of
private households. Following Schlesinger (2001), it was assumed that the number
of households in Germany will increase slightly in the near future (especially due to
the growth of one-person households) from 38.16 million in 2001 to 38.31 million
in 2005 and to 38.5 million in 2010.

The following information sources were used to determine the stock of devices/the
household equipment in the base year 2001:

• official or semi-official statistics (Federal Statistical Office, Eurostat, RegTP,
OECD, ITU, German Federal Labour Office),

• statistics of associations (ZVEI, GfU, BVT, BITKOM, EITO),

• statistics of market and opinion research institutes (ACTA, Media-Analyse, Ver-
braucher Analyse, Typologie der Wünsche Intermedia),

• statistics from relevant studies.

These data sources were systematically harmonised in order to obtain a consistent
data set for predicting future stocks. For the prediction of future household equip-
ment, saturation values were able to be determined for the majority of not com-
pletely new market appliances and the future household equipment was calculated
using a non-linear regression analysis from past trends.



8

The resulting underlying stock development of ICT end-use appliances in private
households in Germany for 2001, 2005 and 2010 can be derived from the tables in
Appendix A1.1. The following main trends can be ascertained:

• audio devices: these are largely saturated markets so that only a slight increase in
stock should be expected in the near future.

• The number of televisions increases from almost 55 million in 2001 to 59.5 mil-
lion in 2010, i. e. by about 8 %. Since the majority of households are equipped
with at least one (first) television, this increase is mostly caused by the growth in
second and third TVs. Even if there are no publicly accessible data on the stock
of televisions according to screen technology and size, experts agree that the
conventional CRT technology will continue to dominate the market for several
years, but will then probably be replaced by LCD and possibly plasma TVs. For
this reason, it is assumed that cathode ray TVs are increasingly substituted by
LCD TVs and that there is a strong percentage growth in plasma screens within
the group of televisions from 2005, although the latter are still likely to only oc-
cupy a niche market in terms of numbers even in 2010.

• There has been a strong rise in the number of video recorders in households over
the past years. This trend can be expected to continue in the future with a further
increase in the stock of VCRs by 30 % up to 2010. This is predominantly due to
the increased spread of video-DVD players and recorders, whereas the stock of
conventional video recorders will decline. However, a complete substitution of
conventional VCRs by DVD devices is not expected before 2010.

• Between 2001 and 2010, the stock of video cameras or camcorders will almost
double again, while digital cameras are expected to experience a massive in-
crease in stock from around 2.3 million in 2001 to 19.3 million in 2010. The
number of game consoles has increased clearly over the past ten years, but strong
saturation effects can now be observed so that only a slight future growth is as-
sumed.

• The stock of fixed network telephones already reached a level close to saturation
several years ago in Germany. Recently a clear structural shift - relevant for
power consumption - within the stock of appliances away from simple tele-
phones to so-called "smart phones" (multi-function) with many additional func-
tions as well as to cordless phones consisting of a base station and one or more
handsets has begun. This trend will continue in the near future so that further
growth can be expected in the numbers of these devices.

• There has been enormous growth in Germany among the number of users of mo-
bile communications especially since 1999. For 2001, the number of actual mo-
bile users is estimated at 47 million. The total number is frequently given as
higher than this4, but it can be assumed that there are many unused telephones

                                                
4 For example, NGO Infratest (2001) assumes 65.9 million mobile communications users in 2001.
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and mobile communications connections that are not relevant with regard to
electricity consumption and are thus not considered here. A continued increase of
mobile communications users up to around 70 million by 2010 is expected. In
spite of the currently still uncertain development prospects of UMTS, following
Büllingen/Stamm (2001), it is anticipated that, by 2010, there will be roughly the
same diffusion of UMTS and today's predominant GSM devices.

• The number of computers in German households totalled around 21.2 million in
2001, including 2.6 million notebooks. A continued increase by 30 % is expected
up to 2010, in which the greatest growth is in the number of notebooks. The
trend towards mobile IT and telecommunications which can be observed in many
sectors, can also be seen in the growing number of PDAs (Personal Digital As-
sistant). Around 7.5 million appliances are estimated up to 2010 and thus a much
higher prevalence than today (2001: around 2.8 million appliances).

• The overall number of computer monitors increases parallel to the number of
desktop PCs. Up to 2010, today's customary CRT monitors will be successively
replaced by the thinner LCD displays, although this development will probably
take place at a slower pace in households than in offices due to the relatively
high prices for LCD screens. Printers also form part of the standard equipment
of an ordinary PC household in Germany so that the development here will
probably mirror that of PCs.

Power consumption of the appliances

The respective power consumption selected for the base year 2001 in normal,
standby and off-mode operation is mainly based on values found in the literature or
own measurements. The estimates made for 2005 and 2010 take into account both
expected increases due to higher performance requirements and expected decreases
in power consumption due to autonomous technical progress or already ongoing
measures to increase energy efficiency.

The power consumption for all the ICT end-use appliances in households selected
in the study can be drawn from the tables in Appendix A1.1. The power consump-
tion of the appliances in the modes distinguished in this study - normal, standby,
off-mode - develops in opposite directions in some appliance groups between 2001
and 2010:

• a decrease in power consumption between 2001 and 2010 is only assumed for a
very few appliance groups in normal mode. Technical possibilities to reduce the
electricity demand are usually compensated or frequently even overcompensated
by increased performance or additional functions. This is especially valid for ICT
appliances so that the assumption of a constant power consumption seems plau-
sible. On the policy side as well there are as yet no measures to reduce the en-
ergy demand in normal mode worth mentioning (see Chapter 6). For these rea-
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sons, a constant power consumption in normal mode between the base year 2001
and 2010 is assumed for appliances which are technically already very mature
and for which no strong demand is expected for higher performance or complex
additional functions. This applies to all audio devices, video recorders, cameras,
fixed network telephony devices, PDAs, many peripheral devices of PC use
(LCD displays, printers, scanners, active boxes) as well as copiers and projec-
tors. The continuous drop in the power consumption of appliances observed in
recent years is assumed to continue only for mobile phones. Exactly the opposite,
i.e. a future increase in power input, is anticipated for several appliances due to
continued increases in performance or convenience requirements which ove r-
compensate the technically possible consumption reductions:
− the electrical power in normal mode is currently around 75 W on average for

televisions with today's predominant cathode ray tube technology. It was as-
sumed for the near future that the share of appliances with large screens and
higher frequencies (100 Hz) will continue to increase, so that the average
power consumption up to 2010 could increase to approx. 120 W. Televisions
with LCD technology have a much lower electrical power consumption
(2001: approx. 40 W). Again, an increase - albeit a moderate one - to 50 W is
anticipated here by 2010.

− For game consoles, the measured values showed that the new appliances from
Sony and especially the Microsoft X-box have much higher power require-
ments than the previous appliances. The trend towards increased performance
due to increasingly complex games will probably continue in the future so
that a clearly increasing power consumption is expected here as well up to
2010. The same applies to PCs and notebooks, at least in the household sector
it is assumed that the trend towards ever more powerful appliances with cor-
respondingly high electricity demand will persist in the future.

• It is also anticipated that the power consumption will remain constant in standby
mode for most ICT end-use appliances in the household sector. A decrease, albeit
a moderate one, up to 2010 is assumed for televisions and video recorders be-
cause of the manufacturers' voluntary self-commitment here at EU level. No sig-
nificant changes in power consumption are expected for the off-mode operation
for most groups of appliances under the present conditions up to 2010.

Operating times of the appliances

The respective operating times in the various operating modes are the third signifi-
cant component determining the electricity demand of ICT end-use appliances (see
Figure 1-1). Independent surveys can be used to a large extent to determine operat-
ing times for the household sector, although these only cover the normal mode of
these appliances. Media studies have been carried out in the Federal Republic of
Germany since the 1960s. For instance, the eighth survey of the ARD/ZDF-Studie
Massenkommunikation, which was first conducted in 1964, is now available for
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2000 (see van Eimeren/Ridder 2001). In addition, data of Media Analyse (MA) can
be used for the analysis of media operating times. The MA is the largest compre-
hensive survey conducted in the Federal Republic of Germany5. The division of the
remaining operating time in to stand-by, off-mode and off is mainly based on own
estimations which in turn are based on figures in the literature. Furthermore, it was
possible to refer to a current survey of the Initiative Energieeffizienz6 on the be-
haviour of German citizens with regard to the standby operation of their electronic
appliances (dena 2002).

Up to 2010 a slight increase of the viewing time of 10 % is estimated for televisions
and video recorders and a much larger 30 % increase in use for PCs and auxiliary
devices. There are no significant changes expected in operating times for the other
appliances in normal mode. For some appliances (especially televisions) it is also
assumed that the off-mode is successively replaced by the standby mode, due to
new concepts of use as, e. g. digital video broadcasting.

2.2 End-use appliances in offices

Stock Development

Compared with the household sector, the available data on the stock of relevant ICT
end-use appliances in offices, i.e. computers with all peripheral devices, as well as
office communication devices (see Table 1-1) are much poorer. To determine the
current stock as well as its development up to 2010, a similar approach was applied
as in the private households. The estimate is made using the number of employees
in office occupations or similar activities7 as well as the equipment of office work-
places with information and communication end-use appliances.

The group of those employed in office occupations or persons included with similar
activities has become considerably more significant over the past few years. Today

                                                
5 The MA is sponsored by the non-profit organisation Arbeitsgemeinschaft Media-Analyse/

AG.MA) which unites the 250 most important companies in the advertising industry. Using sur-
veys, the MA researches media utilization behaviour in Germany for daily papers, magazines and
also appliances of consumer electronics in the total population and their subgroups.

6 The Initiative Energieeffizienz (Initiative Energy Efficiency) was launched in Autumn 2002 to
promote electricity efficiency and is financed by the Associations of the Energy Industry
(VDEW, VRE, VKU Association of Local Authority Enterprises) and the German Energy
Agency (dena) and supported by the Deutschen Bundesstiftung Umwelt (DBU) and the Federal
Ministry of Economics and Labour.

7 Research and development activities, organisation and management, trading activities with ma-
nagerial tasks, legal advisors or similar, publishing and artistic work, other consultation and trai-
ning activities.
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almost every third working person in the Federal Republic of Germany is employed
in desk work (Troll 2000c). In 2000, this equalled around 11.75 million persons. A
projection study on employment activities in Germany (Weidig et al. 1999) was
referred to when estimating the future development. In accordance with this, the
number of employees in the office sector is likely to increase to around 12.6 million
by 2010.

The best source for data on ICT end-use appliances in office workplaces in Ger-
many proved to be the most recent 1998/99 survey on qualifications and employ-
ment in Germany (Dostal et al. 2000; Troll 2000a-d). The information from this
survey thus forms the main base for estimating the current stock and the expected
market development of ICT appliances in offices. Supplementary statistics from asso-
ciations8 and market and opinion research institutes were referred to in individual
cases. Figure 2-1 gives an overview of the use of ICT end-use appliances in offices
in 1999.

Figure 2-1: ICT end-use equipment (in %) in offices in Germany in 1999

11,4%

32,1%
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Source: Troll 2000c; own calculations

                                                
8 The European Information Technology Observatory (EITO) should be emphasised here which

has published a European yearbook for the information and communications technology industry
since 1993, in which the development in Germany is also documented (EITO 1993ff.).
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The number of ICT end-use appliances in offices estimated for the base year 2001
as well as for 2005 and 2010 is the product of the number of employees and the
respective degree of equipment. All stock figures can be taken from the detailed
tables in Appendix A1.3. The following trends in development emerge:

• in the field of communication, almost all the office workplaces in Germany to-
day are fitted with fixed network telephones, approx. 40 % still with simple tele-
phones (see. Figure 2-1). Their number will decrease strongly up to 2010,
whereas the number of smart and cordless phones, which are relevant for power
consumption, will increase by one third from 15.8 million in 2001 to 21.7 mil-
lion in 2010. In contrast, a saturation effect can be observed for answering ma-
chines which are predominantly widespread in small offices since these devices
are being increasingly integrated. A stock increase of 3.5 to 5 million is antici-
pated for fax machines, at least up to 2005 and in spite of the substitution effect
of e-mail (especially in the smallest firms and start-ups) since businesses want to
be able to maintain contact with customers via various media. In doing so, how-
ever, companies will increasingly turn to multifunctional devices. The number of
mobile phones used for business purposes was accounted for in private house-
holds since these devices are person-related and it is very difficult to segregate
personal and business use.

• It is estimated that computers in offices will continue to increase from around
17.7 million today to almost 24 million in 2010. However, this is entirely due to
the expected strong growth in notebooks and PDAs in particular, whereas the
number of desktop PCs, which are still predominant today, will probably drop
slightly from 10.5 to 10 million in 2010. Accordingly, the number of monitors
will not continue to increase. The share of LCD screens, which is only around
10 % today, will grow to roughly 40 % in this period. Only a slight increase in
stock is expected for printers and scanners in this decade. The same applies to
photocopiers.

• Cameras are only present to a small extent in companies today and are not likely
to form part of the typical office equipment in the future. A slight increase is
only expected for digital cameras from 12 % today to about 15 % by 2010.

Power consumption of the appliances

The power consumption of the ICT appliances used in offices should not differ sig-
nificantly from those used in private households as long as the performance re-
quirements made are also comparable. In these cases, the same assumptions were
made for both sectors about power consumption in the three different operating
modes. This applies to cameras, telephones and answering machines, PDAs, matrix
and inkjet printers as well as active boxes (see also Appendix A1.3).
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For other appliances, the performance requirements for offices are much greater and
the appliances are bigger than those in private households so that the electricity de-
mand in normal, and usually also in standby mode, is correspondingly higher. This
applies primarily to fax machines, laser printers and photocopiers. The monitors
used in offices tend to be bigger than those at home and the power consumption in
normal operation will probably be greater as a result. In contrast, for PCs and note-
books, it is assumed that the capacity of today's appliances is completely satisfac-
tory for the majority of office applications and that increasingly secondary features
such as noise reduction development (Windeck 2001) or energy demand will come
to the fore. Accordingly, the continued increase in power demand of computers as-
sumed in the household sector is not expected in offices (for PCs), or not to the
same extent (for notebooks).

Generally, under the present conditions in the office sector, there are no major
changes in the power consumption of ICT end-use devices expected for the period
2001-2010. For some types of appliance, the power demand might decrease slightly
in standby mode only, also as a result of policy measures such as introducing vo l-
untary quality labels or procurement activities (see Chapter 6).

Operating times of the appliances

Unlike households, there are no regular surveys of the operating times of ICT appli-
ances in offices. The operating times selected here for the various operating modes
represent own estimations based on existing figures in the literature.9 No significant
changes in operating times are anticipated in offices up to 2010.

2.3 In-house infrastructure

Internet infrastructure in private households and offices

Unlike the other areas, broadband internet connections cannot be separated into
households and companies since there are no differentiated data available. Indeed,
there is little point in making such a distinction in many cases. For example Internet
access via DSL is a technology especially suited to small businesses which are often
not able to be strictly demarcated from private households. This area is accounted
for under the infrastructure of private households (see also the tables in Appendix
A1.2 with all the assumptions on stock development, power consumption and oper-
ating times).

                                                
9 The following main assumptions are made: the appliances are in operation during the usual office

hours for an average of eight to ten hours and for 220 working days per year. During this time,
the appliances are not in continuous use but are permanently on standby.
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There has been a strong growth in demand for fast Internet access using broadband
technologies in Germany over the past few years. Overall, however, these technolo-
gies are still of secondary importance at present and narrowband analog modem and
ISDN connections continue to dominate. In this survey it is assumed that the stock
of external telephone modems will plummet in the near future and will no longer
feature at all in 2010. The high diffusion of ISDN in households in the past was a
result of increasing private Internet use. It is therefore assumed in this survey that
the number of ISDN connections will continue to increase in the future and then
ultimately be replaced by broadband transmission technologies (BDRC 2001).

According to the assumptions made here, the total number of broadband Internet
connections in Germany will climb from around 2.4 million in 2001 to almost 38
million in 2010.The internationally dominant DSL and cable-television operators
(CATV) will take the leading role here. Since telephone connections are much more
widespread in Germany than cable network connections, DSL will probably be-
come the most used access technology. Here, it is assumed that about 16 million
DSL and around 14 million CATV connections will be installed in 2010. In com-
parison, other broadband transmission technologies such as Powerline Communica-
tion (PLC) which uses the electricity mains, so-called Wireless Local Loop (WLL)
or satellite connections will only be of secondary importance (see Figure 2-2).

Figure 2-2: Development of the number of broadband Internet connections
in Germany up to 2010
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The power consumption of the appliances necessary for broadband Internet access
- two devices each are necessary for DSL and PLC - does not vary significantly. It
is true that the electricity demand of PLC technology is slightly lower than for DSL
or CATV, but there are considerable uncertainties associated with the figures as-
sumed here. Only satellite modems have a power demand which is almost double
that of the other transmission technologies, but these are of secondary importance in
terms of stock. The respective operating times of the appliances in the various op-
erating modes were estimated.

Television infrastructure

The television infrastructure can once again be clearly assigned to the household
sector and is accounted for here (see Appendix A1.2). The television technology
change from analog to digital services also results in changes in the appliances used.
The appliances of the analog infrastructure are mainly restricted to antenna pream-
plifiers and analog satellite receivers (Satellite-IRD). In contrast, set-top boxes are
increasingly used in digital TV, since the digital signal has to be transformed into an
analog one. This function could also be integrated into television sets in future, as-
suming a standardised protocol for all transmission channels (terrestrial, via cable
and satellite). However, it is generally assumed that this will not have taken place to
any significant extent by 2010.

Three types of systems are installed in private households in Germany at present to
receive television broadcasts: about half the households are connected to a
broadband switching network, a further third have a satellite receiver. The remain-
der, almost 15 % of the households, still have the traditional terrestrial reception via
outdoor or indoor antennas. In the future there will probably only be minor changes
to this structure, i.e. both the current number of cable connections (18.1 million)
and satellite systems (12.2 million), which experienced strong growth in the 90s,
will only increase slightly up to 2010. The same is true for the number of antenna
preamplifiers which are generally necessary for terrestrial TV reception and some-
times required for cable TV (if the signal strength is insufficient).

The number of set-top boxes needed to receive digital TV will increase, but proba-
bly not to the extent which was rather optimistically assumed in the recent past.
According to information of the ARD (2001), only approx. 6 % of households cur-
rently use digital television. This means that about 2.3 million corresponding re-
ceivers are installed. According to experts' appraisal (among others DocuWatch
Digitales Fernsehen 2001), there are hardly any indications at present of a marked
acceleration in the spread of these devices. It is therefore assumed that, up to 2005,
just over 4 million and, by 2010, approx. 7 million set-top boxes will be installed in
German households to use digital television.
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The electrical power consumption of satellite receiver systems in normal mode is
about 20 W and is still around 9 W in standby mode. Since these appliances are not
fitted with an off-switch with which they can be completely disconnected from the
mains, they thus cause considerable permanent electricity consumption. In addition,
another device is necessary for satellite reception, the so-called LNB (Low Blow
Converter), with a power consumption of around 4 W in normal and standby mode
and which is thus comparable with that of an antenna preamplifier. At 17 W, the
power demand of set-top boxes is currently just under that of satellite receivers.
However, for the projection to 2010, an increasing power consumption in normal
mode is assumed on account of the further development of these devices beyond
pure reception and decoding functions towards multi-media platforms. The ope r-
ating times observed today will also increase in the future due to the greater variety
of uses which become possible.

Network infrastructure in offices

The main elements of the network infrastructure in offices are

• servers, i. e. computers in a network which supply other computers with various
services (such as data storage, providing databases or Internet presence or han-
dling e-mail communication) ,

• hubs and switches, via which the computer and peripherals are linked in an en-
terprise network as well as

• routers, which connect two spatially separated networks or networks with differ-
ent protocols.

The data on how German businesses are equipped with these appliances is very
poor  and the few existing data are usually not freely accessible. The stocks as-
sumed here were therefore extrapolated from existing data and expert estimations,
in which, among others, the results of a comprehensive Swiss survey of server dis-
tribution (Gubler/Peters 2000; Huser 2002) were transferred to Germany. The re-
sults of these estimations are shown in detail in the tables in Appendix A1.4. For the
development up to 2010 it is assumed that the current stock of these appliances in
enterprises will grow by a good 50 %. The high growth rates of 10-15 % annually
experienced in the past are thus not sustained, but the influence on the future power
demand is still considerable since the electrical power consumption of routers and
especially servers is very high and all appliances are usually operated in normal
mode all year round without a break.

To estimate the energy demand, the servers were divided into three classes of size
or price (small, medium and very large). The majority of devices fall into the lowest
class for which an average power consumption of 150 W was assumed for 2001.
The average power consumption of medium-sized appliances was estimated to be
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800, that of very large servers 2500 W. In the medium term, it can be assumed that
the effective output of servers will continue to grow and thus also the specific en-
ergy demand per appliance. This is because optimising energy demand has only
played a subordinate role so far among IT infrastructure appliances, the main crite-
ria are primary power, costs and reliability.

The so-called uninterruptible power supply (UPS) should not be neglected when
regarding the current and future power demand of the network infrastructure in of-
fices. This is used to connect appliances which have to be fail-safe. These usually
include servers, routers and switches. The energy demand of these systems can be
determined using their operating efficiency which today equals almost 90 % and
should improve slightly in the next few years.

Excursus: Data Centres

There is no generally valid definition for the term data centres. In a wider sense, it
can include all the buildings or parts of buildings which house ICT appliances and
which are not directly associated with a specific user. In a more restricted sense, so-
called "server farms" are understood to be data centres in which data and services
for Internet applications are stored and performed and for which dramatic growth –
at least locally –has been forecast in recent years.

Data centres were interpreted in the more restricted sense in this survey and taken as
a main example for the increasing significance of the energy demand of the infra-
structure for ICT end-use appliances and the possible local concentration of elec-
tricity demand which is linked with this development. The appliances situated in
data centres were already accounted for under office infrastructure (see Appendix
A1.4). When accounting for the energy demand of ICT infrastructure appliances, it
is of secondary importance where these appliances are situated - in an office or a
server farm.

Apart from that, a separate estimation of the energy demand of data centres is even
more difficult, given the current data situation for Germany, than the quantification
approach selected for the entire appliance stock in companies (or outsourced in data
centres) and their power consumption.

Once the term has been clearly defined, two approaches are widespread to quantify
the energy demand of data centres:

• in one approach, the floor space is taken as a base and a specific power con-
sumption for the area (in W/m²) is determined. The electricity demand of data
centres (in kWh/m²) is then calculated using the electrical power consumption
per unit area and the time of use. This method of calculation has been applied
internationally by, e. g. Mitchell-Jackson (2001) and Beck (2001) for the USA
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and by Hartkamp (2002) for the Netherlands, and usually includes the energy
necessary for operating the infrastructure, especially UPS and heat removal.

• Alternatively, the number of ICT appliances used in data centres can be taken as
a base and the energy demand calculated using the expected annual electricity
demand of the individual types of appliance. In this case, the energy required for
operating the infrastructure (power supply, heat removal) has to be additionally
taken into account. There are various surveys using this approach (Spreng/
Aebischer 1990, Aebischer et al. 2002 and Huser 2002 for Switzerland, Roth et
al. 2002 for the USA and Thomas/Barthel 2001), which are, however, based on
data centres in its wider sense and which only include the electricity demand of
the appliances themselves and not that required by the infrastructure.

Since, for Germany, there are neither data on the surface areas of data centres, nor
on the number of appliances installed there, the energy demand of data centres op-
erated here can only be derived by transferring the data available from the above
cited surveys of other countries. The appliance approach for the power demand of
data centres in its wider sense yields a typical share of 0.5 % of the total electricity
demand of a country. If the power demand to operate the necessary infrastructure is
also included, 1 % of the power demand of a country should be a plausible order of
magnitude. The approach using the floor space of data centres in its more restricted
sense yields values between 15 and 50 kWh/inhabitant. For Germany, applying
these figures would mean that between 10 and 25 % of companies' ICT infrastruc-
ture appliances are operated in data centres.

Whether this share will increase decisively in future, i. e. whether businesses prefer
a continued outsourcing of IT services or their direct control in in-house computer
centres or server centres, is very difficult to judge at present. For reasons of effi-
ciency, outsourcing to larger data centres has benefits since computing, communi-
cation and storage can be performed by larger appliances with a lower specific en-
ergy demand. Furthermore, appliances operated by service companies have a higher
utilisation ratio since it is their core business to utilise their systems as efficiently as
possible. Recent surveys assume a fairly moderate growth rate. For Switzerland, an
annual growth of almost 2 % is anticipated (Aebischer et al. 2002), for the USA, the
relevant estimates are between 1.8 and 6.1 %/a (Roth et al. 2002).

2.4 Infrastructure of the telecommunications companies

Fixed network infrastructure

The fixed network infrastructure can be split into the local exchange network and
the long-distance network. The local exchange network transports voice or data
information from the end-use appliances of the user to the transfer points to the
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long-distance network. The transmission technology used ranges from analog con-
nections via ISDN to the various broadband connections such as DSL. The long-
distance network then takes over the data transmission from the transfer point of the
local exchange networks. Connections are bundled and compressed when transmit-
ted over greater distances. In Germany, the main supplier of fixed network connec-
tions is the Deutsche Telekom AG, but other network operators such as Arcor AG,
Tesion or Netcologne are also represented on the market.

Determining the power demand of the communication and transmission technology
of the fixed network operators was based on the same methodological approach as
for the other ICT appliances (see Figure 1-1). The number of telephone channels
was selected as the stock variable and multiplied by the specific power consumption
of the channels. Differentiating the power consumption according to various oper-
ating modes is generally not necessary for the telecommunications infrastructure
since the systems are in permanent operation (see Appendix A1.5 for the detailed
results of the calculations).

Taking into account data from the German Regulatory Authority for Telecommuni-
cations and Post (RegTP 1999ff, 2001), around 50.3 million telephone channels are
assumed for 2001, this number will grow to about 55.5 million by 2010. After 2005,
only a greatly flattened growth is anticipated. The specific power per telephone
channel was approximately 2.4 W in 2001, based on information of the Deutsche
Telekom (2001) and the RegTP (1999ff, 2001). In 1997 this figure was around 3 W,
however, no further significant decrease is expected in the near future. DSL con-
nections have to be dealt with separately, since additional modems have to be in-
stalled for these, which, today, also require a power consumption of 2.4 W per link,
although this could drop by about one third in the near future.

Mobile communications infrastructure

Mobile networks, today based on the dominant GSM standard (Global System for
Mobile Communications) or the future UMTS standard (Universal Mobile Tele-
communications System), are so-called hybrid networks. They consist not only of
pure radio links but a considerable part of the communication takes place via grid-
based transmission using copper, or optical fibre cables. Two mobile phones do not
connect with each other directly, but are linked via stationary transmis-
sion/reception installations and switching centres. Here, a distinction was made
between base stations and switching centres. The power demand of the mobile
communications infrastructure results from the number of base stations and
switching centres and their electrical power consumption. Since the UMTS network
represents a completely independent network which has to be constructed from
scratch, the two technologies have to regarded separately.
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Based on the official data of network operators and the additional interviews con-
ducted for this study, the number of GSM base stations totalled 50 700 in 2001 with
an additional 230 GSM switching centres. It is not expected that these will decrease
up to 2010 despite the anticipated start of UMTS operation in 2003. Instead a mod-
erate extension of the GSM network is predicted since, according to experts, the
existing GSM network will still be needed, i. e. a coexistence of both networks is
assumed. Almost 80 000 additional UMTS base stations and about 330 switching
centres are reckoned with up to 2010.

The electrical power consumption for UMTS stations according to manufacturer
and expert information is more than double that for GMS stations. Since a moderate
reduction is expected for both fields in the near future, no major changes will affect
this ratio up to 2010. The expected parallel construction of a UMTS network thus
has serious consequences for the development of electricity demand in Germany
(see Appendix A1.5 for details).

2.5 Intelligent home

Alongside the power demand caused by ICT appliances themselves which was dealt
with in the previous sections, there are also advanced or indirect impacts of ICT
applications on energy demand. These include both over- and under-consumption
occurring in the ICT sector itself and in other fields (e. g. space heating, transport).
These effects are described below using the example of the "networked house."10

In a networked house, some or all - in principle, already existing - electrical and
electronic appliances and energy technology systems are connected with each other
via a communication system. Connecting to the external network is done using a
centralised gateway which is designed for broadband applications (Figure 2-3).

                                                
10 In the full version of this study, other areas examined included "substitution of ICT applications",

"telecommuting" and "e-commerce". The biggest effects in the sense of achievable energy sav-
ings due to increased ICT applications in other consumption areas resulted for the transport sec-
tor.
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Figure 2-3: House with external and internal networks

Source: Fraunhofer Gesellschaft ( www.inhaus-nrw.de)

On the one hand, networking the house causes an additional energy demand deter-
mined by the electrical power consumption of the central gateway, the power sup-
ply of the controlling devices for the household technology (heating, hot water,
lighting, security) as well as the network technology for the large electrical house-
hold appliances for cooking, cooling/freezing and washing/drying (Aebischer/Huser
2000). For an average house, this energy demand depending on the networking
technology involved is estimated at approx. 70-115 W.

On the other hand, there are possible energy savings due to networking, mainly ef-
fected by improved monitoring and control of the household technology. In Ger-
many, modern, computer-controlled systems for heating have not been installed in
many buildings so far. The vast majority are only fitted with a simple control which
is basically limited to pre-set temperature reductions, especially overnight. Without
house networks, this will probably not change much in the future, so that a large
share of the energy savings achievable using optimum control is to be assigned to
such household networking. Kleemann et al. (2001) estimate the saving achievable
with automated room temperature control at 20 to 30 kWh/m² for individual build-
ings. This would be equivalent to a saving rate in the order of 15 to 35 % in build-
ings which comply with the Thermal Insulation Ordinance. The saving effect of a
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heating control in a networked home is estimated in the order of 20 to 30 % by the
Enquête Commission "Sustainable Energy Supply" (2002).

To estimate the net effect of household networking on energy demand, the avoided
heating energy demand in residential buildings was compared with the increased
power demand due to the networking. Based on the stock numbers for residential
buildings and assumed penetration rates of between 2 and 5 % of household ne t-
working, an additional demand for electrical power of 700 GWh is set against a
reduced demand in heating energy of 1870 GWh. If the effects are compared based
on the use of energy source, an additional demand of 1610 GWh results for the
electricity supply and a saving of 2390 GWh in energy sources for generating heat.
The net effect in the sense of a slight energy saving through household networking
is thus not very marked, especially taking into account the large uncertainties at-
tached to this relatively rough estimation.

Overall it can be concluded that, in line with current knowledge, intelligent homes
will probably not be a driver for increasing energy efficiency. The possible net en-
ergy savings will rather be a positive side effect if optimum control of the heat sup-
ply results is effected by the house networking, which would not have taken place
without this development.

2.6 Summary of the results

According to the bottom-up analysis of the individual appliances conducted here,
the total electricity demand for the use of ICT in households and offices in Germany
amounted to around 38 TWh in 2001 (see Table 2-1). This is equivalent to a share
of almost 8 % of the overall electricity consumption of final energy sectors in Ger-
many, which totalled 484 TWh in 2001 (AGEB 2002). With reference to the total
final energy demand, the 38 TWh denote a share of 1.4 %. A further increase of the
power demand for ICT by about 45 % to 55.4 TWh is anticipated up to 2010. This
is equivalent to an annual growth of 4.3 %. If the total electricity consumption fore-
cast by Prognos/EWI (1999) of 520 TWh for 2010 is taken as a base, the share of
the electricity demand for ICT purposes would already amount to almost 11 % in
2010.

Table 2-1 shows the development of the electricity demand for ICT purposes differ-
entiated according to areas of use and operating mode. This is illustrated below in
more detail.
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Table 2-1: Overview of the development in electricity demand for ICT appli-
ances and associated infrastructure in households and offices in
Germany between 2001 and 2010

Electricity demand (GWh)
2001

Normal Standby Off-mode Sum
ICT appliances in households 10279 6987 1849 19115
ICT appliances in offices 4575 2584 628 7787
Household infrastructure 1102 2108 192 3402
Office infrastructure 5153 273 0 5425
Infrastructure telecommunication 2250 0 0 2250
Total 23359 11951 2669 37979

2005

ICT appliances in households 13269 7855 1735 22858
ICT appliances in offices 4330 2759 516 7604
Household infrastructure 2363 2146 186 4695
Office infrastructure 7454 273 0 7726
Infrastructure telecommunication 3560 0 0 3399
Total 30975 13032 2436 46282

2010

ICT appliances in households 15296 7708 1459 24463
ICT appliances in offices 4463 2687 479 7629
Household infrastructure 4060 2212 156 6428
Office infrastructure 10829 273 0 11101
Infrastructure telecommunication 5803 0 0 5803
Total 40451 12880 2094 55425

Energy demand according to use

In 2001, the energy demand for ICT is clearly dominated by end-use appliances in
households, which account for about half of the total electricity consumption. How-
ever, this dominance will weaken in the near future since the largest growth in con-
sumption is not found among ICT end-use appliances - this increases by almost
30 % in households, but decreases slightly in offices - but in the ICT infrastructure.
An increase in the power demand of the household infrastructure by 90 % is ex-
pected by 2010, it will more than double for the office infrastructure, and the power
demand of the infrastructure of telecommunications companies will grow by more
than 150 %. This extreme growth can be clearly ascribed to the planned construc-
tion of the UMTS mobile communications networks, which have an even higher
power demand than the existing GSM networks. The servers have the largest share
in the growth in demand of the office infrastructure. Both the stock of servers and



25

the average power consumption per unit will increase strongly11. The more moder-
ate increase in the power demand of the household infrastructure can be attributed
to both the television infrastructure (especially to the growth in digital set-top
boxes) and the internet infrastructure (especially the growth of broadband Internet
connections). The slight fall in the power demand of office end-use appliances ex-
pected up to 2010 is mainly due to the more energy-efficient LCD monitors being
substituted for cathode ray monitors, as well as the substitution of desktop-PCs by
the more efficient notebooks. Among household end-use appliances, the electricity
demand continues to grow for televisions (mainly caused by longer times of use in
normal and standby mode and the trend towards devices with large screens and
higher frequencies) and video recorders (caused by the growing diffusion of DVD
players which, however, will only slowly substitute conventional video recorders),
as well as for personal computers (caused by the use of increasingly powerful appli-
ances with higher power consumption and longer operating times).

Energy demand in the various operating modes

The growth in energy demand is primarily caused by operation in normal mode.
This is mainly attributable to the fact that the majority of ICT appliances and sys-
tems in the two strongest growing consumption sectors - office infrastructure and
the infrastructure of telecommunication appliances - such as servers or mobile
communications systems, are operated almost exclusively in normal mode.

In the applications, in which standby mode has a high share in the total electricity
demand, namely among ICT end-use appliances and the household infrastructure, a
clear increase can be registered at least up to 2005. Overall, the energy demand in
this mode rises by 9.0 % from 2001 to 2005. This is followed in the second half of
the decade by a marginal drop by 1.2 or 0.2 % per year according to the calcula-
tions. This is also a result of the efforts already undertaken to increase energy effi-
ciency which specifically concentrate on this operating mode (see Chapter 6). How-
ever, the fact that the decrease is only marginal clearly shows that their effect is not
sufficient to really significantly lower the power demand for standby mode.

Only the power demand caused in the off-mode really decreases in the period under
review by 21.6 % from 2001 to 2010. The biggest share of this reduction in con-
sumption is not due to an explicit increase in efficiency, but rather that the off-mode

                                                
11 The energy demand for the air conditioning of server rooms which is also relevant in this context

is not considered in this study since this does not directly involve ICT appliances. A range from
20 to 50 % of the energy demand of the server is cited in the literature as being necessary for air
conditioning (Roth et al. 2002; Koomey et al 1999). If a rather cautious value of 25 % of the de-
mand for IT appliances is assumed for Germany, and it is presumed that a small proportion of
simple servers are not operated in air-conditioned rooms, then around 930 GWh have to be added
to the above cited figures for air conditioning in 2001; in 2005 this increases to 1890 GWh and
3 TWh in 2010.
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is replaced by standby mode in several appliances up to 2010, especially televisions.
This is an effect of new concepts of use resulting, for example, from digital video
broadcasting. Independent of this, an off-mode loss of 2.1 TWh (or almost 0.5 % of
the expected total electricity consumption) in 2010 can still be assessed as too high
from the viewpoint of energy efficiency and ultimately superfluous.

Energy demand in appliance classes

Examining the energy demand of ICT according to the classes of appliance consid-
ered shows that more than half the energy demand from 2005 is distributed over
four appliance classes and over 80 % is spread over 10 of 26 classes (see Figure 2-
4). The three appliance classes with the greatest energy demand - televisions, serv-
ers in offices and audio devices - already held their dominating role in 2001 and
retain this throughout the whole period under review. The significance of the infra-
structure of the mobile communications companies and the communications infra-
structure in households rises steeply in contrast. Among the former, the construction
of UMTS networks becomes noticeable, as mentioned above; in the households, the
extension of broadband terminals and the appliances used here have the effect of
increasing energy demand.
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Figure 2-4: Energy demand of ICT  according to appliance types
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3 Options and potentials for energy conservation of ICT

For the examination of the energy saving options and potentials in the field of ICT
it is advisable to differentiate the three operating modes: normal, standby and off-
mode. General statements can then be made for the standby and off-mode for a
large share of the ICT appliances equipped with these modes, whereas, in normal
mode, the technologies vary to such an extent that the analysis has to be performed
on an individual appliance level. Alongside technical options and potentials of en-
ergy conservation, behavioural changes and modified usage patterns can also play a
role in ICT, for example, switching off office equipment regularly after work or
switching PCs, monitors, printers and copiers into a power-saving standby mode
when not directly in use. Similar options exist for household ICT appliances, e.g.
consistent use of the off-switch wherever available or the use of switchable multiple
socket outlets. In principle, the technical savings potentials for electrical and elec-
tronic appliances are estimated to be much more effective than behavioural driven
potentials (Brohmann et al. 2000; Böde et al 2000b), so the analysis undertaken
here will concentrate on the technology options.

Options and potentials in the off-mode

As the off-mode has been defined as the mode in which the appliance does not fulfil
any function after it has been switched off, but still draws power, there are technical
options to completely avoid the power demand occurring when in this mode. Basi-
cally, the total savings potential here is as large as the total power demand in off-
mode. The projected demand in off-mode decreases slightly from 2.7 TWh in 2001
to 2.1 TWh in 2010 (see Table 2-1), so consequently the savings potentials decrease
accordingly. However, even the remaining energy demand is superfluous and
should be reduced still further, or completely avoided.

There are several options to do so:

• off-mode losses can be reduced by behavioural measures of the user. Buying and
regularly using a switchable multiple socket outlet with which the appliances can
be completely turned off is the main measure to be cited.12 The (one-off) pur-
chase costs for the user are in the order of approx. 5 €, the (annual) savings in
electricity costs depend on the type of appliance and lie between 0.25 and almost
4 €. If only one device is connected to the socket outlet, the payback period
ranges between 1.5 and 20 years. Much higher electricity cost savings can be
achieved by running several appliances on one switchable outlet such as a stereo

                                                
12 Manufacturers occasionally recommend unplugging the appliances from the mains for longer

periods of non-use. Admittedly, this option does not generate any costs for the user but it seems
rather impractical.



29

system consisting of several separate devices or a computer system made up of
PC, printer and monitor. Audio devices in households and computers with pe-
ripherals in households and offices represent the two most important applications
for this option.

• Of course, the off-mode loss could also be avoided by the manufacturers equip-
ping their products with switches that disconnect completely from the mains. The
main reason for manufacturers preferring to use switches on the low voltage side
which do not disconnect the power supply unit from the mains are the lower
costs. Although the exact manufacturers' prices could not be determined, the in-
formation gathered suggests that the additional costs for switches disconnecting
completely from the mains should not be higher than € 2.5 depending on the
power to be switched and, in most cases, should be around 1 €. This option
would thus be more cost efficient from a macroeconomic viewpoint than users
having to purchase the - more expensive - multiple socket outlets.

Options and potentials in standby mode

Switching ICT appliances off completely is linked in many cases with a loss of
convenience - e.g. not being able to turn the device on using a remote control - or it
is not advisable because appliance settings such as an internal clock or program-
ming would be lost. In the future, a permanent data exchange with the Internet will
be possible in digital services that are supplied via multimedia appliances, which
also stands in the way of completely disconnecting appliances. For these appliances,
the most important savings option is to equip them with energy-efficient circuits for
the power supply in standby mode. If equipped with a separate circuit for standby
operation, the power consumption of appliances can be reduced to less than 0.5 W,
as long as only simple functions like an internal clock or the preservation of an in-
ternal memory have to be fulfilled. It is not possible to reduce the energy demand to
such low values solely by use of adjusted power supplies if more complex functions
have to be performed in standby mode.

The assumptions made about average electrical power consumption in standby
mode were modified to estimate the savings potentials here. Depending on the type
of appliance, varying achievable figures were assumed for new appliances. For
those with simple standby functions, a power consumption of 0.5 W was generally
assumed to be attainable, for those with more complex functions, either best prac-
tice examples were used or own estimations made. In addition, the replacement rate
of the stock with new appliances was also considered. Table 3-1 shows the saving
potentials in standby mode calculated up to 2010. Overall, the potential in the year
2010 is estimated to be around 4 TWh which represents almost one third of the total
electricity demand in this operating mode. The end-use devices in households ac-
count for roughly three quarters of the 4 TWh, the rest is dis tributed more or less
evenly between the end-use devices in offices and the infrastructure in households.
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Table 3-1: Savings potentials from increased energy efficiency in standby op-
eration (GWh per year)

2005 2010

ECT end-use appliances in households 2090 3080
Audio devices 540 860
TV, VCR 960 1250
Telephony 230 320
Computers and peripherals 210 400
Others 150 250

Infrastructure in households 260 490
TV infrastructure 140 310
Internet/telecommunication-infrastructure 120 180

ICT end-use appliances in offices 260 450
Telephony 100 190
Computers and peripherals 80 170
Others (mainly copiers) 80 90

Total savings potentials in standby operation 2610 4020

Source: own calculations

Options and potentials in normal mode

Whereas general statements can be made for a large proportion of ICT appliances in
off-mode and standby mode, a detailed analysis of the individual classes of appli-
ances is necessary in normal mode because of the very different technical require-
ments involved here. Therefore for normal operation, first of all those appliances
were examined which account for a prominent share of the total energy demand of
ICT appliances in this mode in Germany. A good way to estimate savings potentials
is to identify best practice devices. As long as their net power is comparable to that
of conventional appliances, the difference in specific power consumption in normal
mode per appliance and year can be assessed as the savings potential for the stock
resulting from the use of best practice equipment.

This study identified the following relevant savings potentials for the normal mode:

• televisions: 1 TWh for the year 2005 and almost 3 TWh for 2010 if there is a
quicker substitution of cathode ray tube TVs by LCD TVs, or almost 1 TWh in
2010 if CRT technology continues to dominate but there is a stronger market
penetration of best practice CRT TVs.

• Servers: between 50 to 60 GWh per year by switching off server-computers
overnight in small and medium enterprises.
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• Mobile communications infrastructure: savings possible by reducing the energy
demand for air conditioning and ventilation in the base stations as well as limit-
ing the number of base stations to the greatest extent possible.

• Personal Computers: 600 GWh resulting from an energy-efficient design ap-
proaching the lower power consumption of notebooks due to the use of mobile
processors, which are, however, much more expensive than their stationary
counterparts.

• Internet and telecommunications infrastructure in households: savings potentials
of roughly 80 GWh in 2005 and 220 GWh in 2010 through improved power
management in DSL routers.

• Monitors: substantial savings potentials from substituting CRT displays with the
more energy-efficient LCD displays. This would be as high as 1 TWh per year if
complete substitution in households and offices were achieved by 2010. How-
ever, this potential can only be fully exploited, if the price for LCD monitors
drops considerably in the near future.
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4 Development of an early warning system for ICT en-
ergy demand

ICT has developed at a tremendous pace over the last twenty years and its develop-
ment has frequently strayed from its predicted path. For example, for a long time
the computer industry believed that there was no market for individual desktop
computers. And when digital mobile communication was introduced in 1992 via the
so called “D-Netze”, the first two digital networks, hardly anyone reckoned that
almost 50 million people would be using mobile communications in Germany in
2001. The innovation rate in the ICT sector continues undiminished, so that greater
uncertainties are attached to forecasts for the energy consumption of ICT than is the
case in other sectors.

Against this background, a dynamic early warning system was developed within
this study as an aid to early recognition of emerging trends in ICT and with which
their influence on the energy demand in ICT can be illustrated. To this end, a cross-
impact (CI) matrix was constructed which compares the main factors determining
energy demand in the ICT groups of appliances or ICT infrastructure systems in
households and offices. These demand-determining variables can either affect the
stock, the specific power consumption or the intensity of use of the appliances and
systems.

The most important factors of influence relevant for stock were identified as:

• Individualisation, i. e. a trend towards personal ownership and/or individual us-
age noticeable for many ICT appliances, which tends to increase the stock and
thus also the energy consumption. Current examples for this development are
appliances such as mobile phones, notebooks or PDAs with high stock growth
rates. In offices, the individualisation of PCs has been more or less complete for
some time, here the concept of the "personal computer" has prevailed over the
use of large computers in combination with numerous terminals. In contrast, for
printers, the opposite trend towards network printers in work groups has become
dominant in many offices.

• Marketing models, their design can be decisive for how fast new information and
communication technologies penetrate the market. Models, in which the appli-
ances are not financed via the purchasing price but via user fees can accelerate
the market penetration, since the often frighteningly high acquisition costs of
new unknown technologies, which can scare off potential users, cease to apply or
are at least clearly reduced. Such marketing models are particularly interesting
for suppliers aiming to establish a customer base quickly after high investments
in the construction of a new infrastructure, (such as in the case of mobile com-
munications), or if they want to hinder the market entry of competitors offering a
rival technology (compare the marketing of ADSL by the Deutsche Telekom).
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Marketing models like this also tend to increase the stock. The resulting increase
of the energy demand may, however, turn out to be more moderate because of
the phenomenon of a "usage gap" observed with very aggressive marketing
models in the past. That is, appliances are purchased due to very low investment
costs but are only used a little over time so that they are mainly in standby, off-
mode or switched off completely. A current example for this development is the
mobile phone.

The most important power-relevant factors of influence are:

• The trend towards mobile appliances tends to reduce electrical power consump-
tion. The energy consumption is an important quality criterion for such devices
because it is decisive for the length of time the device can be used independent
of the network involved.

• The speed of development of rechargeable battery technology for mobile appli-
ances has not been able to keep pace so far with that of the other hard- and soft-
ware. This has also had the effect of reducing energy demand in that the operat-
ing time, which is limited due to the restricted rechargeable battery capacity,
gave an incentive to develop and produce power-conserving mobile appliances.
A breakthrough in the development of rechargeable batteries with a greatly in-
creased energy density13 could reverse this trend, i. e. if rechargeable batteries
were substantially improved, the electrical power consumption of mobile appli-
ances could increase again.

• The high innovation rate in ICT often results in technology substitution, via
which the electrical power consumption of appliances is often clearly reduced.
One important example are the tube monitors and the much more energy-
efficient flat screens. A similar effect can result in the medium to long term from
the substitution of conventional electronics by nanotechnology solutions with
which switching processes can be achieved with smaller and smaller charges and
thus also less waste is produced. The first mature products are expected here
between 2005 and 2010 (see Friedewald et al. 2002).

• Increasing the integration density of the appliances, i. e. merging functions into
one single component (usually a printed circuit board) is also usually associated
with lower energy consumption. It is also possible for several functions to be
combined in one multi-functional device which brings specific advantages (such
as, e. g. the combination of mobile phone and PDA, fax and printer or phone and
answering machine).

                                                
13 This might be achievable using mobile fuel cells. However, at present it is difficult to judge to

what extent fuel cells in conjunction with hydrogen storage actually make longer operating times
possible.
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As an important influencing factor on use, new service variants should be cited
which alter the utilisation structure of ICT appliances, usually in the sense of in-
creasing this. Examples are the "flat rate" for Internet use or UMTS services which
continuously supply the user with information about his location (e. g. restaurants or
cultural attractions in the vicinity) and which require a permanent data transfer be-
tween the end-use device and base station.

The cross-impact matrix illustrated in Tables 4-1 to 4-3 for the end-use appliances
in private households and offices as well as the ICT infrastructure compares lines of
appliance groups with columns of the influencing factors described above. They are
coded in the CI matrix directly using their impact on the energy demand. The values
+1 to +3 stand for energy-increasing effects, –1 to –3 for energy-reducing effects, in
which 3 represents the strongest effect in each case. 0 denotes no significant im-
pacts on the energy demand.

The values entered in the CI matrix up to now reflect the estimation of the authors
and should help to test both the practicability of the methods and the plausibility of
the results calculated in Chapter 2 using an alternative methodological approach.
The evaluation of the CI matrix is done by summing up the lines and columns. The
line totals indicate for which kinds of appliance a significant change in the energy
demand can be expected. The column totals give indications of which of the aggre-
gated driving forces should be considered particularly influential.

Among end-use appliances in households (Table 4-1), there are clear indications of
an increase in energy demand for televisions, cameras, game consoles, PCs and
mobile phones in particular. Only the result for mobile phones contradicts the result
determined in the model, which predicted electricity demand would fall for mobile
communications end-use devices (see Appendix A1.1). Here, it was probably un-
derestimated that the energy demand caused by extending mobile communications
will occur predominantly in the infrastructure. The change in effective output  and
individualisation were assessed as the strongest driving forces behind this develop-
ment. The effects of technology substitution are ambivalent so that zero results in
the CI matrix which does not permit a definite statement. The trend towards greater
mobility and the increased integration density of appliances have the effect of re-
ducing the energy demand.
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Table 4-1: CI-Matrix to identify and evaluate the main factors of influence on
the future energy demand of ICT end-use appliances in households
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Stationary audio devices 0 0 +1 - 0 0 0 +1 +2

Portable audio devices 0 0 0 0 0 -1 0 0 -1

TVs +1 0 +3 0 0 -2 0 +1 +3

VCRs 0 0 0 0 0 0 0 0 0

Cameras +1 0 +1 - +2 +2 -1 0 +5

Game consoles 0 +1 +3 0 0 0 0 +1 +5

Fixed network telephones +1 +1 0 -1 0 +1 +1 0 +3

Mobile phones +1 +3 +2 - +3 +1 -1 +1 +10

Other communication devices 0 0 0 0 0 -1 -1 -1 -3

Computers +2 0 +2 -2 +1 0 -1 +2 +4

Monitors +2 0 +1 -2 0 -1 0 +1 +1

Printers +1 +1 0 0 0 +1 0 0 +3

Other devices IT 0 0 0 -1 0 0 -1 0 -2

Column total +9 +6 +13 -6 +6 0 -4 +6
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Table 4-2: CI-Matrix to identify and evaluate the main factors of influence on
the future energy demand of ICT end-use appliances in offices
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Cameras 0 0 +1 - +2 +2 -1 0 +4

Fixed network phones 0 0 0 0 0 0 0 0 0

Mobile phones +1 0 +3 - +3 +2 -2 +1 +8

Computers +1 0 +1 -3 +2 0 0 +1 +2

Monitors +1 0 +1 -3 0 -2 0 0 -3

Printers -1 0 0 0 0 +1 -1 0 -1

Copiers 0 0 0 0 0 -1 -1 0 -2

Column total +2 0 +6 -6 +7 +2 -5 +2

Table 4-3: CI-Matrix to identify and evaluate the main factors of influence on
the future energy demand of ICT infrastructure
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Television infrastructure +1 +1 0 0 0 +2 -1 +1 +4

Internet and telephone infrastruc-
ture in households

+2 +2 +1 +1 0 +1 -1 +2 +8

Computer network infrastructure
in offices

0 0 +1 +1 0 0 -1 +1 +2

Telephone and other infrastruc-
ture in offices

0 0 0 0 0 0 +1 0 +1

Servers 0 0 +3 +1 0 0 -1 +3 +6

Mobile communications infra. +3 +1 +1 - 0 +3 0 0 +8

Fixed network infrastructure 0 0 +1 -1 0 0 0 0 0

Column total +6 +4 +7 +2 0 +6 -3 +7
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Among end-use appliances in offices (Table 4-2), the effect of the driving forces are
estimated as being collectively more moderate than in households and energy-
increasing and -reducing factors compensate each other to a greater extent. If the
strong growth of mobile phones is assigned to the infrastructure and the very un-
certain effect of the rechargeable battery technology is suppressed, the CI matrix
total is zero which is equivalent to the results of the projections for the sector of
office end-use appliances (see Appendix A1.3).

The results of the CI matrix for the infrastructure (Table 4-3) are not directly com-
parable with the end appliances since several driving forces are not relevant here
and the matrix is therefore not as strongly occupied. Nevertheless, clear indications
of a strong growth in energy demand can be derived for the sectors Internet infra-
structure in households, mobile communication infrastructure, servers and for the
television infrastructure in households. Slight or no changes in the energy demand
according to the CI matrix result for fixed network infrastructure and the infra-
structure in offices (with the exception of servers).

It can be concluded that the early warning system developed here in the form of a
cross-impact matrix does mirror the results obtained using the bottom-up analysis in
Chapter 2 and can thus be evaluated as an applicable instrument for observing the
energy demand of these technologies. However, the CI matrix also shows different
tendencies for some aspects than the projections developed on the basis of individ-
ual analyses of the appliances. The differences, which can be explained by the fact
that the early warning system also includes the impacts of driving forces which are
very uncertain (such as substantial improvements in the rechargeable battery tech-
nology), substantiate the independent use of the alternative methodological ap-
proach. For continued observation of the development it is suggested that this early
warning system should be applied by experts at a later point in time in order to
capture and assess changes in the very dynamic ICT technology sector.
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5 Energy policy measures to promote the energy effi-
ciency of ICT appliances

In principle, energy policy has at its command a range of instruments available at
both national and international levels to influence the energy or electricity con-
sumption in the ICT sector, some of which are already being applied today or at
least discussed:

• Regulatory instruments, i. e. regulations in the form of requirements or prohibi-
tions such as stipulating maximum consumption or minimum efficiency stan-
dards or mandatory product labelling.

• The use of economic instruments such as taxes/levies (e. g. ecological tax re-
form), financial incentives (e. g. subsidies for purchasing especially energy-
efficient appliances) or tradable emissions permits.

• Technology and innovation policy such as promoting the R&D of energy effi-
ciency or procurement activities.

• In addition, there is a wide range of informational, organisational and voluntary
instruments, including information campaigns, energy consumption labelling on
a voluntary basis, consultation and educational/training programmes, voluntary
self-commitments or institutional measures such as setting up energy agencies or
energy efficiency funds.

Policy instruments to influence the energy consumption of ICT appliances can be
applied at various points along the product chain from production through to final
use and can vary in their effectiveness with regard to achieving the objective (Table
5-1).

Table 5-1 Possible targets of energy policy when influencing energy consumption in
the ICT sector and target effectiveness of energy policy measures
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efficient technologies

medium medium high medium low

Promoting the production of
energy-efficient products

high medium medium medium low

Promoting the supply of
energy-efficient products

high medium medium medium medium

Promoting the purchasing of
energy-efficient products

high medium to
high

low medium medium

Influencing how the appli-
ance is used

low medium low low medium to
high

Sources: based on Wiel/McMahon 2001 and Rath et al. 1999



39

Regulatory instruments

Legislative measures to influence the energy consumption of ICT appliances pri-
marily involve the mandatory labelling of energy consumption as well as stipulating
maximum consumption or minimum efficiency standards. In the majority of coun-
tries, however, these regulations do not affect the ICT appliances examined here,
but apply to large domestic appliances ("white goods"), light sources, air-
conditioning appliances, motors or boilers14. One country which has also laid down
binding energy consumption target values for individual appliances from the ICT-
sector (TVs, VCRs, copiers, computers) is Japan.

For Germany, and also on an EU level15, there is a growing call to extend the com-
pulsory energy label to ICT appliances (especially TVs, VCRs and office electron-
ics) as well as to introduce minimum efficiency standards as a parallel measure
(e. g. Rath et al. 1999; Enquete-Commission Sustainable Energy Supply 2002). The
complete avoidance of off-mode losses, which is technically possible, could also be
regulated using legislative measures. In its current climate protection programme
(EU 2001) the EU has already announced a series of directives to reduce the energy
consumption of electrical and electronic appliances, which would provide the legal
foundation for such measures16.

Economic Instruments

A general price policy measure which also promotes the energy efficiency of elec-
trical ICT appliances is increasing the price of electricity by levying an energy, CO2

or eco tax. This kind of duty has been introduced in a series of EU countries on a
national level since the 90s, for example in Austria, Denmark, Belgium, Finland,
Germany, the Netherlands, Sweden, the UK and Norway17.

                                                
14 IEA 2000 and Wiel/McMahon 2001 provide a comprehensive global review of the use of energy

efficiency labels and standards.

15 Since the trade with ICT appliances takes place throughout Europe and worldwide, legislative
measures at an EU level should be given priority.

16 Both a Framework Directive on Minimum Efficiency Standards for electrical and electronic end-
use appliances and the revision of the Framework Directive 92/75/EC on Energy consumption
labelling are planned which would allow their extension to other appliances. In Germany, the
new energy consumption labelling ordinance of 30 January 2002 (BGBl. I p. 570) has already
created an important legal foundation for translating more advanced regulations on an EU level
into national law.

17 The MURE database (2002) (http://www.mure2.com) provides an overview and extensive cate-
gorisation and description of measures of rational energy use in the end-use sectors of all coun-
tries of the European Union and Norway.
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Providing financial incentives to purchase energy-efficient appliances in the form of
rebates, grants, bonus-malus systems or tax concessions concentrated up to now on
large electrical domestic appliances and lighting and not on ICT appliances. An
energy efficiency effect can be achieved in principle using financial incentives if
these are temporary and strictly tailored for specific target groups (e. g. Brunner et
al. 2001, Wiel/McMahon 2001, Schlomann et al. 2001). The main drawbacks of
financial incentives are the very high costs of the programmes as well as the free
rider effects, which can considerably detract from the cost-benefit ratio of the
measures.

The use of tradable emission certificates, which has been increasingly discussed in
connection with the so-called Kyoto instruments, will probably not play a direct
role in the household and tertiary sectors as things stand at present. These sectors
will only be indirectly affected via electricity generation since a direct liability of
these sectors seems less practical because of the high transaction costs.

Technology and innovation policy

Within the framework of forcing innovation-oriented technology policy with regard
to a sustainable energy system as was recently demanded of Germany by the En-
quete Commission Sustainable Energy Supply (2002), the promotion of energy-
efficient ICT technologies (including avoiding the unnecessary off-mode consump-
tion) and especially the use of an energy-efficient process technology could repre-
sent an important field for R&D promotion in Germany in the future.

Procurement is one instrument which has already been in increasing use in recent
years. This can be used to promote energy-efficient appliances from ICT as well.
Procurement involves the joint purchasing of energy-efficient appliances by public
institutions (public procurement), or by private buyers with large market volumes
(co-operative procurement), either with the objective of bringing new efficient ap-
pliances onto the market (technology procurement), or the objective of increasing
the market share of particularly efficient appliances (market procurement). Sweden
pioneered the use of technology procurement to introduce energy-efficient tech-
nologies. As a consequence, the instrument was then also applied in other countries
such as the Netherlands, Finland and the USA (Wiel/McMahon 2001). The activi-
ties of the IEA should also be mentioned here. It has promoted technology pro-
curement projects within the scope of its demand-side-management programme18

for a series of appliances and components (among others, copiers for offices).

Since the technical possibilities to reduce energy consumption are already known
for many ICT appliances and indeed have already been employed for individual

                                                
18 http://dsm.iea.org
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appliances, the market procurement, i. e. increasing the market share of these appli-
ances through joint purchasing activities, will probably have greater significance.
The biggest potentials for joint purchasing projects are found among office appli-
ances because there is a large demand for such appliances and they are also replaced
quite frequently. In the USA, there is a series of guidelines for government agencies
purchasing energy-efficient products (Wiel/McMahon 2001). In Denmark (Mure
2002) and Switzerland, there are public procurement activities for office appliances
(Aebischer/Huser 2002). In Germany, the Federal Environmental Agency publishes
a manual on purchasing environmentally-friendly products (Umweltbundesamt
1999). At the EU level, an initiative on public procurement is also being planned
(European Commission 2001).

Voluntary agreements

Voluntary agreements with manufacturers are currently one of the predominant
measures to reduce the energy consumption of ICT appliances. Since these usually
involve appliances which are traded throughout the EU or worldwide, these agree-
ments are mainly made at the level of the European Union. The existing agreements
all apply to reducing the standby losses in consumer electronics:19

• a negotiated agreement between the European Commission and individual manu-
facturers of consumer electronics as well as the European Association of Con-
sumer Electronics Manufacturers (EACEM) to decrease the idling losses of tele-
visions and video recorders of 1997,

• a further negotiated agreement between the EU Commission and EACEM on the
standby losses of audio appliances of 2000,

• a code of conduct about the energy efficiency of digital TVs and

• another code of conduct of July 2000 affecting the efficiency of external power
supplies for electronic and electrical appliances.

Voluntary agreements as a measure to increase energy efficiency have received
controversial evaluations (see, e. g. Rennings et al. 1997; Kübler 1998; Rath et al.,
1999). Compared with legislative instruments, such as minimum efficiency stan-
dards, they have the advantage of being quicker and more flexible in their imple-
mentation and target setting which is significant in the rapidly evolving ICT sector.
A further advantage is seen in the lower administrative costs (Thomas 2001). The
major drawback is that the targets agreed are frequently too weak in the sense of
increasing energy efficiency and instead tend to reflect what has already been
achieved, or efficiency improvements which would have been achieved anyway in
the foreseeable future even without the agreement. If the agreed targets for standby

                                                
19 For the details of these agreements see

http://energyefficiency.jrc.cec.eu.int/html/standby_initiative.htm
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are regarded in the voluntary commitments described above, it can be seen that, in
many cases, technical solutions to reduce the power demand in standby mode to
under 0.5 W already existed in the 90s. In contrast the targets agreed are much
higher. Other problems are that self-commitments are not legally binding and it is
difficult to monitor compliance with the targets. For the voluntary agreements at EU
level mentioned above, only rather weak monitoring is planned in the form of an
annual confidential and anonymous report of the manufacturer to the European
Commission. Furthermore, for the agreements designed as codes of conduct, there
is no guarantee that the leading manufacturers will actually participate.

Labelling

Alongside voluntary agreements, voluntary energy consumption labels or ecolabels
including energy or standby consumption also play an important role in increasing
the efficiency of electrical and electronic appliances.20 These labels do not only
fulfil an independent information function for the buyers and users of the appli-
ances, but also serve as an important base for the design of further measures such as
joint procurement activities, financial incentives, setting up databases for energy-
efficient appliances or carrying out information campaigns.

The globally most familiar and widespread of these voluntary energy quality labels
is the Energy Star from the USA. Appliances with consumption below the fixed
minimum efficiency standards, which are updated from time to time, are permitted
to carry the Energy Star Label. The Energy Star requirements for ICT appliances do
not apply to consumption in normal mode, but only that in standby. The off-mode
consumption is not considered either. Furthermore, the Energy Star requirements
for many ICT appliances are lower than those of other quality labels (Thomas
2001). The Energy Star’s acceptance and diffusion worldwide, especially among
office appliances, are points in its favour. Japan already adopted the Energy Star
Programme for office appliances in 1995, the EU completed this step in 200121.

The energy label of the Group for Energy Efficient Appliances GEEA is equally
widespread within Europe for appliances of consumer and information electronics.
In order to be able to carry the label, the appliances must remain below certain fixed
minimum efficiency requirements in idling mode. Unlike the Energy Star, here,
there are minimum requirements set for the off-mode as well as the consumption in
standby. The limits for the label are redefined each year. The requirements of the
GEEA label generally exceed those of the Energy Star.

                                                
20 IEA (2000) and Wiel/McMahon (2001) offer a more detailed review of the energy efficiency

labels which exist worldwide. Rubik/Scholl (2002) makes a detailed examination of the ecolabels
existing in the individual EU countries and the EU.

21 For details, see energyefficiency.jrc.cec.eu.int/energystar/index.htm
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International initiatives

The 1 Watt Plan initiated by the Lawrence Berkeley National Laboratory (LBNL) in
1998 is probably the most important initiative worldwide to reduce the standby
losses of electrical appliances. This plan demands that standby losses should be
strictly limited to 1 Watt (Meier et al. 1998)22. The 1 Watt Plan thus far exceeds the
requirements of the self-commitments at EU level and of the majority of quality
labels, and yet it is still technically and economically feasible. The Standby Power
Initiative of the IEA launched in January 1999 adopted the 1 Watt Plan of the
LBNL23.

Information programmes and campaigns

Information programmes and campaigns have an important concomitant function
within the scope of measures to promote the energy efficiency of electrical appli-
ances. They can aim at increasing the share of electrical appliances and at influenc-
ing user behaviour.

In Germany in 1999, the BUND, supported by the Federal Ministry for the Envi-
ronment, conducted a nationwide campaign aimed at indicating the electricity sav-
ing potentials in the standby mode of electrical appliances (Brohmann et al. 2001).
The Standby-Kampagne of the Energiestiftung Schleswig-Holstein (Wortmann et al.
2001; Wortmann/Möhring-Hüser 2001; Wortmann et al. 2002)24 was a very com-
prehensively designed campaign carried out at regional level in Schleswig-Holstein,
which also received a lot of attention abroad. The positive results of this campaign
highlight how important such activities can be in contributing to increasing the en-
ergy efficiency of ICT appliances. The main problems are the high costs associated
with their implementation which tend to be higher, the more targeted and effective
such a programme is.

At a national level the "Initiative EnergieEffizienz"  on efficient electricity use in
private households started in Autumn 2002, a joint nationwide information cam-
paign of the Associations of the Electricity Industry (VDEW, VRE, VKU) and the
German Energy Agency (dena)25. The campaign covers the topics “standby con-
sumption of electrical appliances”, “white goods” and “lighting”. Dena is also plan-
ning a campaign in connection with the adoption of the Energy Star by the countries
of the European Union.

                                                
22 The LBNL publishes a list of selected appliances with a standby consumption of under one Watt.

eetd.lbl.gov/EA/Standby/DATA/1WProducts.html

23 www.iea.org/standby/

24 www.wirklich-aus.de

25 www.initiative-energieeffizienz.de
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Education and further training

Educational and vocational training programmes in the field of rational energy use
of appliances are mainly aimed at companies, at both the users of the appliances as
well as the planners, buyers and vendors. Educational programmes are primarily
conducted by the energy agencies of the Federal states, but also by energy utilities.

Further training activities in Germany, especially in the state funded "Impulse pro-
grammes"  of several Federal states (NRW, Hessen, Schleswig-Holstein, Berlin,
Bremen) are based on the model of the Swiss RAVEL Programme26. In short
events and specialist seminars, information about energy consumption issues, tech-
nologies and measures of rational energy use is imparted to those practically in-
volved with these issues in their jobs, e. g. contractors/installers and mainte-
nance/service personnel (Böde et al. 2000b). The "E-Fit" weeks which have been
conducted since 1999 within the scope of the Impuls Programme RAVEL NRW are
particularly interesting for the sector of office appliances. The activities are mainly
aimed at office workers and those responsible for IT and focus on behaviour-
oriented measures of electricity conservation. The evaluation of this activity re-
vealed a high degree of willingness to use the recommended measures for saving
electricity (switching off lights, turning computers off after work, switching moni-
tors off, disconnecting appliances or using switchable multiple outlets) in the longer
term as well. The behaviour at home was also able to be influenced (Gruber 2001).

Institutions

Institutions such as national or regional energy agencies are very important in the
conception, organisation, coordination and possible implementation of energy pol-
icy measures to promote rational energy and electricity use, especially for informa-
tion, education and further training measures. In Germany, much of this work is
carried out by the regional energy agencies which have existed for many years in
the majority of federal states, and increasingly by the German Energy Agency
which was set up in Autumn 2000. There are other institutions in addition to
these27.

Another institution which does not exist at present in Germany but which could
assume important tasks in the field of promoting electricity efficiency is an Energy
Efficiency Fund modelled on the British Energy Saving Trust28 or the Danish Elec-

                                                
26 Rational use of electricity

27 For example, the Gemeinschaft Energielabel Deutschland (GED), consumer centres, Landesge-
werbeämter, the Bundesdeutsche Arbeitskreis für umweltbewusstes Management (B.A.U.M), the
Bürger-Information Neue Energietechnik und Umwelt (BINE), BUND, WWF.

28 www.est.org.uk
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tricity Savings Fund 29. Setting up such an institution in Germany has been sug-
gested on several occasions in the past (Leprich, 1997, 1999; Wortmann et al. 1999;
Schlomann et al. 2000; Enquete Commission Sustainable Development 2002). Such
a fund could be an important element in a strategy to improve electricity efficiency
and could assume important responsibilities in sectors which are usually not cov-
ered by the classical energy agencies, such as, for example, developing an autono-
mous market for efficient products and actors, coordinating joint purchasing activi-
ties, compiling efficiency standards and labelling classes for different appliance
groups or initiating research and development activities for further improvement of
electricity efficiency.

                                                
29 www.elsparefonden.dk
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6 Conclusions and Recommendations

For 2001, this study ascertained an electricity demand of 38 TWh for ICT end-use
appliances in households and offices and their associated infrastructure. This corre-
sponds to a share of almost 8 % of the total electricity consumption of final con-
sumption sectors in Germany (AGEB 2002). About 50 % of the power demand are
accounted for by household end-use appliances, a further 20 % by office end-use
appliances, the remaining 30 % by the infrastructure required. A clear increase in
the power demand by 45 % up to 55.4 TWh is anticipated up to 2010 which is pri-
marily caused by the increasing significance of ICT infrastructure. The stock of
appliances and systems of ICT infrastructure will grow noticeably and since these
devices, such as servers or mobile communications systems, are continuously oper-
ated, the consumption growth in normal mode is the strongest. The consumption in
standby mode shows an increasing tendency, most notably up to the middle of the
decade, whereas it decreases in off-mode. However, this has less to do with efforts
for greater efficiency and more to do with the expected substitution of the off- by
the standby mode (especially in televisions).

The most significant appliance classes with regard to power demand are televisions,
stationary audio devices and servers, which accounted for almost 45 % of total de-
mand in 2001. The leading role of these three appliance classes will not alter up to
2010. In contrast, the significance of the infrastructure of the mobile communica-
tions companies will increase strongly (due to the development of the UMTS net-
works) as well as that of the communication infrastructure in households (especially
due to the expansion of broadband connections), so that these five most significant
appliance classes will probably account for around 60 % of the total power demand
for ICT applications in 2010.

Against the background of these results, several recommendations are made below
for increasing the energy efficiency of ICT appliances in households and offices and
the associated infrastructure. To start with, there are recommendations differenti-
ated according to the individual operating modes, these are then followed by several
general recommendations.

Recommendations to reduce the energy demand in off-mode

Even if the power demand in the off-mode will decline to around 2.1 TWh in 2010,
this figure must still be regarded as too high from the viewpoint of energy effi-
ciency, since, technically, it can be completely avoided without excessive costs for
the manufacturer. For new appliances, it is therefore recommended to target com-
plete prevention of power consumption in off-mode. The most effective way to
achieve this is probably a minimum efficiency regulation at an EU level which bans
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off-mode consumption altogether. Should a complete ban not prove enforceable, the
off-mode should at least be taken into account in the present voluntary - or where
applicable in the new mandatory - eco- or energy consumption labels. A minimum
requirement would be that the product description clearly indicates the existence of this
state.

For the existing stock, the most effective way to reduce the power demand in off-
mode is a greater use of switchable multiple outlets in households and offices. The
associated one-off acquisition costs for the user are redeemed in 1-2 years by the
electricity savings achieved, at least for some appliances and especially if several
appliances can be switched using one outlet. However, a wide diffusion of
switchable multiple outlets can only be achieved with supplementary information
measures (such as relevant information campaigns or education and training pro-
grammes for companies), which, in turn, also entail costs.

Recommendations to reduce the energy demand in standby mode

Energy policy activities on national, EU and international level have, up to now,
focused on reducing the energy demand of ICT appliances in standby mode. At
least partial success has been achieved here which will help to curb the future
growth in power demand as the results of this study also show. Still, the technical
possibilities for increasing energy efficiency far exceed the achievements so far and
those expected. Additional saving possibilities in standby mode can therefore be
seen in a consistent acceleration of the market diffusion of highly efficient informa-
tion and communication technologies. Further electricity savings can be achieved
with measures targeting user behaviour.

A general recommendation to accelerate the market diffusion of appliances with a
low energy demand in standby is to support the 1 Watt initiatives of the LBNL and
the IEA. This demand is clearly more stringent than the existing EU self-
commitments to reduce standby consumption and most of the minimum standards
in today's widespread quality labels such as the Energy Star and the GEEA label.
For many ICT appliances, a power consumption of max. 1 Watt is technically feasi-
ble straight away. However, if appliances have to fulfil more complex functions in
standby, the 1 Watt requirement will probably be difficult to achieve technically as
things stand today (e. g. for appliances such as PCs which access a harddisk or, such
as copiers which require a minimum temperature before they are ready to operate).
For these appliances, it makes sense to promote technical solutions to increase the
energy efficiency in standby (promoting R&D, technology procurement). A faster
market penetration of such highly efficient appliances could be achieved by making
the existing voluntary commitments at EU level and the minimum efficiency re-
quirements contained in today's widespread quality labels (Energy Star, GEEA-
Label) more stringent. Market procurement is another way to promote the market
penetration of efficient ICT appliances. Since such appliances are often selected
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based on quality labels such as the Energy Star, the success of procurement activi-
ties is greater, the stricter the labelling requirements.

Changes in the behaviour of appliance users can play a supplementary role in re-
ducing the power demand in the standby operation of ICT appliances. However, the
prerequisite for a stronger exploitation of these saving potentials are concomitant
information and educational activities at national, regional or municipal level.

Recommendations to reduce the energy demand in normal mode

The recommendations to reduce the energy demand in normal mode concentrate on
those appliance classes which have a high power consumption in normal mode and
a significant share in the energy demand of the ICT sector. According to the results
of this survey, these are first and foremost televisions, then audio devices, monitors
and personal computers among end-use appliances. Where infrastructure is con-
cerned, this is particularly valid for servers.

It is recommended that the mandatory EU energy consumption labels are extended
to include televisions because of their high significance for the energy demand in
normal mode which will grow by almost 60% up to 2010. In addition, a minimum
efficiency ordinance for televisions should be considered. These measures could be
used to promote the use of energy-efficient "market best" cathode ray televisions as
well as the greater diffusion of the more energy-efficient LCD sets and also possi-
bly cap the trend towards bigger and bigger screens. Similar considerations also
apply to monitors and personal computers. If the route of mandatory energy labels
and minimum efficiency standards is not taken here, since the Energy Star has re-
cently been introduced at EU level, it would at least be sensible to include the en-
ergy demand of normal mode in the Energy Star and other quality labels. The ex-
isting quality labels, which only include standby and to some extent the off-mode,
offer neither an incentive for a faster dominancy of LCD technology, nor do they
promote the use of energy efficient processors in mobile computers such as note-
books.

For infrastructure devices such as servers it is more difficult to make recommenda-
tions. Unlike desktop PCs, there are no mobile counterparts for servers for which
the best possible energy-efficient solutions have to be developed and which could
be promoted using policy measures. Nevertheless, there are still some reasonable
actions which could be taken. Since there are hardly any explicit energy-efficient
solutions available, their development could be promoted. It would be equally sen-
sible to examine the feasibility and the pros and cons of combining servers (server
consolidation). Introducing energy labels for servers is probably not possible be-
cause the products differ too greatly and no standardised measurements of the ef-
fective output have been able to be made. In contrast, it would be sensible to have a
label for the efficiency of the power supplies used, since there is presently no in-
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formation available on this and it involves clearly measurable features which have
not yet been considered in investment decisions.

General recommendations

Several references have already been made to the importance of energy labels for
increasing the market transparency and accelerating the market diffusion of efficient
ICT appliances. Alongside a ratchetting of the efficiency requirements and general
consideration of the off-mode and - at least for some appliances - the normal mode
as well, it would be sensible to standardise the requirements in the numerous exist-
ing labels at national and international level. The variety of labels is also probably
confusing for consumers. An important supportive function at the national level
when conducting many of the already mentioned measures to increase the electric-
ity efficiency of ICT appliances could be fulfilled by an Energy Efficiency Fund,
which would have to be set up in Germany, perhaps modelled on the British Energy
Saving Trust or the Danish Electricity Saving Fund. Another general measure to
promote the development of highly-efficient electrical appliances is a stronger ori-
entation of R&D promotion on the criterion of energy efficiency.



50

7 References

ACTA (1997ff.): Allensbach Computer- und Telekommunikationsanalyse. Be-
richtsbände. Allensbach am Bodensee: Institut für Demoskopie Allensbach

Aebischer, B.; Huser, A. (2000): Vernetzung in Haushalten: Auswirkungen auf den
Stromverbrauch. Schlussbericht an das Bundesamt für Energie. Bern: Bun-
desamt für Energie.
http://www.electricity-research.ch/sb/haushaltsvernetzung-00.pdf

Aebischer, B., Huser, A. (2002): Energiedeklaration von Elektrogeräten. Schlussbe-
richt. CEPE Report Nr. 3., Januar 2002 
http://www.cepe.ch/download/cepe_rp/CEPE_RP3.pdf

Arbeitsgemeinschaft Energiebilanzen (AGEB) (2002): Auswertungstabellen zur
Energiebilanz für die Bundesrepublik Deutschland 1990 bis 2001. 
www.ag-energiebilanzen.de/daten/gesamt.xls

ARD (2001): Medien Basisdaten.
http://www.ard.de/ard_intern/mediendaten/index.phtml

ARD Projektgruppe Digital (2001): Digitales Fernsehen in Deutschland - Markt,
Nutzerprofile, Bewertungen. In: Media Perspektiven 4/ 2001, S. 202-219

Barthel, C.; Lechtenböhmer, S., Thomas, S. (2001): GHG Emission Trends of the
Internet in Germany. In:: Langrock, T., Ott, H.E., Takeuchi, T.: Japan &
Germany: International Climate Policy & the IT-Sector. Wuppertal: Wupper-
tal Institute & IGES, S. 55-67

BDRC (2001): The Development of Broadband Access Platforms in Europe: Tech-
nologies, Services, Markets. Report comissioned by the European Commis-
sion, Directorate General Information Society. London: BDRC Ltd.

Beck, F., 2001: Energy smart data centers: applying energy efficient design and
technology to the digital information sector. REPP Research Report, Wash-
ington DC, November 2001

Bertoldi, P., Aebischer, B. et al. (2002): Standby Losses: How Big is the Problem?
What Policies and Technical Solutions Can Address It? Paper presented at
ACEEE Summer Study 2002



51

Bitkom (2001): Wege in die Informationsgesellschaft - Status quo und Perspektiven
Deutschlands im internationalen Vergleich - Edition 2001. Berlin und Frank-
furt: Bundesverband Informationswirtschaft, Telekommunikation und neue
Medien

Bitkom (2002): Wege in die Informationsgesellschaft: Status Quo und Perspektiven
Deutschlands im internationalen Vergleich. Edition 2002. Berlin: Bundesver-
band Informationswirtschaft, Telekommunikation und neue Medien

Böde, U. et al. (2000a): Detaillierung des Stromverbrauchs privater Haushalte in der
Bundesrepublik Deutschland 1997-2010, Fraunhofer-Institut für Systemtech-
nik und Innovationsforschung (ISI), Karlsruhe im Auftrag des Bundesministe-
rium für Wirtschaft und Technologie, Karlsruhe, Dezember 2000

Böde, U. et al. (2000b): Klimaschutz durch Minderung der Treibhausgasemissionen
im bereich der Haushalte und Kleinverbrauch durch klimagerechtes Verha l-
ten. Band 2: Gewerbe, Handel, Dienstleistungen. Karlsruhe, München: Fraun-
hofer ISI, TUM

Brohmann, B.; Cames, M.; Herold, A.; Boschmann, N. (2000): Klimaschutz durch
Minderung der Treibhausgasemissionen im bereich der Haushalte und Klein-
verbrauch durch klimagerechtes Verhalten. Band 1: Private Haushalte. Unter-
suchung im Auftrag des Umweltbundesamtes. Darmstadt: Öko-Institut

Brunner, C. U. et al. (2001): Energieeffizienz bei Elektrogeräten. Wirkung der In-
strumente und Maßnahmen. Bern: Bundesamt für Energie, August 2001

Büllingen, F.; Stamm, P. (2001): Entwicklungstrends im Telekommunikationssek-
tor bis 2010. Bad Honnef: WIK Wissenschaftliches Institut für Kommunika-
tionsdienste

BVT (2001): Geschäftsbericht 2000/2001. Köln: Bundesverband Technik des Ein-
zelhandel

dena (Deutsche Energie-Agentur GmbH) (2002): „Eine aktuelle Umfrage der Ini-
tiative EnergieEffizienz zeigt: Weniger als 50 Prozent der Bundesbürger
schalten ihr Fernsehgerät richtig aus“. Pressemitteilung vom 18.11.2002
(http://www.deutsche-energie-agentur.de) und persönliche Informationen

Deutsche Telekom (DTAG) (2001): Nachhaltigkeitsbericht 2000/2001. Bonn: Deut-
sche Telekom AG Zentralbereich Konzernkommunikation

Deutsche TV-Plattform e.V (2001): Fernsehen heute und morgen, Technik - Märkte
- Strategien, Berlin, 2001



52

Diekmann, J. et al. (2000): Erarbeitung kostengünstiger Erhebungsformen zur Er-
fassung des effektiven Energieverbrauchs im Bereich Haushalte und Klein-
verbraucher. Abschlussbericht an das Bundesministerium für Wirtschaft und
Technologie. Berlin, Karlsruhe, München: DIW, Fraunhofer ISI, TUM

DocuWatch: Digitales Fernsehen des Hans-Bredow-Instituts. http://www.rrz.uni-
hamburg.de/hans-bredow-institut

Dostal, W.; Jansen, R.; Parmentier, K. (2000): Wandel der Erwerbsarbeit: Arbeit s-
situation, Informatisierung, berufliche Mobilität und Weiterbildung. Nürn-
berg: Institut für Arbeitsmarkt- und Berufsforschung der Bundesanstalt für
Arbeit (Beiträge zur Arbeitsmarkt- und Berufsforschung, 231)

Dostal, W.; Reinberg, A. (1999): Arbeitslandschaft 2010. Teil 2: Ungebrochener
Trend in die Wissenschaftsgesellschaft. In: IAB Kurzberichte 10/1999 vom
27.8.1999

Eichhammer, W. et al. (2001): Treibhausgasminderungen in Deutschland und UK:
Folge „glücklicher“ Umstände oder gezielter Politikmaßnahmen. Ein Beitrag
zur internationalen Klimapolitik. Berlin: Umweltbundesamt, Juli 2001

EITO (1993ff): European Information Technology Observatory. Frankfurt am
Main: Eurobit

Enquete-Kommission Nachhaltige Energieversorgung (2002): Abschlussbericht.
Berlin, Juli 2002
http://www.bundestag.de/gremien/ener/schlussbericht/index.htm

EU (2001): European Climate Change Programme (ECCP). June 2001 
http://europa.eu.int/comm/environment/climat/eccp.htm

Europäische Kommission (2001): Third Communication from the European Com-
munity under the UN Framework Convention on Climate Change. Commis-
sion Staff Working Paper. Brussels, 30 November 2001

Eurostat (2001): Information Society Statistics (Theme 4: Industry, Trade and
Services). Luxemburg

Friedewald, M.; Rothhaas, A.; Jaeckel, G. (2002): Nanotechnologie im Bereich der
Informations- und Konmmunikationstechnik. Gutachten für das Büro für
Technikfolgenabschätzung beim Deutschen Bundestag. Karlsruhe: ISI

Geiger, B. Wittke, F. (2002): Enegieverbrauch in der Bundesrepublik Deutschland –
Die energiewirtschaftlichen Daten. In BWK Bd. 54 (2002) Nr. 1/2, S. 50-56



53

GfK/ZVEI (2001): Zahlenspiegel des Deutschen Elektro-Hausgerätemarktes 2001.
Frankfurt: GfK Marketing Services GmbH;  Hausgeräteverbände im Zentral-
verband Elektrotechnik- und Elektroindustrie

GfU/ZVEI (2000): Pressekonferenz von GfU und ZVEI am 7.4.2000 in  Berlin.
Gesellschaft für Unterhaltungs- und Konsumelektronik, Zentralverband Elek-
trotechnik- und Elektroindustrie. (www.GfU.de/pages/newshe)

GfU/ZVEI (2001): Presseinformation zur Internationalen Funkausstellung 2001.
Gesellschaft für Unterhaltungs- und Konsumelektronik; Zentralverband Elek-
trotechnik- und Elektroindustrie.
http://www.GfU.de/Pages/newshe/eurovergl.htm

Gruber, E. (2001): REN-Impuls-Programm „RAVEL NRW“: Begleitende Bewer-
tung – Phase 3: 2000 bis 2003. Zwischenbericht an das Ministerium für
Wirtschaft, Mittelstand, Technologie und Verkehr Nordrhein-Westfalen.
Karlsruhe, Oktober 2001

Gubler, M.; Peters, M. (2000): Servernutzung in Klein- und Mittelbetrieben: Eine
empirische Untersuchung zum effektiven Bedarf von Netzwerk-Servern in der
Nacht und an Wochenenden/Feiertagen in Klein- und Mittelbetrieben in der
Deutschschweiz. Bern: Bundesamt für Energie

Hartkamp, F. (2002): Energy Consumption of ICT in the Netherlands. Perspective
to the year 2010. Workshop IEA, 21 february 2002, Paris

Hubert, P.; Mills, M. P. (1999): Dig more coal, the PC's are coming, Forbes Maga-
zine, 31. Mai 1999

Huser, A. (2002): Stromeinsparpotenzial durch Schalten von Servern. Bundesamt
für Energie, Bern, 2002

IEA (2000): Energy Labels & Standards. Paris: OECD/IEA

ITU (2000): Yearbook of Statistics. Genf: International Telecommunications Union.

ITU (2001): World Telecommunication Indicators Database. Genf: International
Telecommunications Union

IWD (Informationsdienst des Instituts der deutschen Wirtschaft Köln) (2000): Wie
lange die Deutschen Fernsehen, Jg. 26, Nr. 8, 24. Februar 2000, S. 1



54

Kawamoto, K., et al. (2001): Electricity Used by Office Equipment and Network
Equipment in the U.S.: Detailed Report and Appendices. LBNL-45917, Law-
rence Berkeley national Laboratory, Berkeley, CA 94720

Kleemann, M., Birnbaum, U. et al. (2001): Systematisierung der Potenziale und
Optionen für den Gebäudebereich. In: Cremer, C., Kleemann, M., et al.
(2001): Systematisierung der Potenziale und Optionen. Endbericht an die En-
quête-Kommission „Nachhaltige Energieversorgung unter den Bedingungen
der Globalisierung und Liberalisierung“ des Deutschen Bundestages, Fraun-
hofer Institut Systemtechnik und Innovationsforschung u. Forschungszentrum
Jülich, Karlsruhe/Jülich

Koomey, J., Kawamoto, K., Nordmann, B., Piette, A. A., Brown, R. E. (1999):
Memorandum LBNL-44698 to EPA of 9 Dec. 1999

Kübler, K. (1998): Selbstverpflichtungen als Instrument der Klimavorsorge. Ana-
lyse der Umsetzung in Deutschland. In: Energiewirtschaftliche Tagesfragen
48, 1998, S. 332-226

Leprich, U. (1997): FUTURE Fonds für Umwelttechnologien und rationelle Ener-
giedienstleistungen. In: Energiedepesche 4/1997, S. 20-21

Leprich, U. (1999): Rettung für die Energieeffizienz. Das „Deutsche Forum für En-
ergieeffizien“ (DFE). In: Energiedepesche 4/1999, S. 10-11

Media Perspektiven Basisdaten (2001): Daten zur Mediensituation in Deutschland
2001. Frankfurt: Arbeitsgemeinschaft der ARD-Werbegesellschaften

Meier, A., Huber, W., Rosen, K. (1998): Reducing Leaking Electricity to 1 Watt.
Lawrence Berkeley National Laboratory Report 42108 
http://eetd.lbl.gov/EA/Reports/42108/

Mitchell-Jackson, J.D. (2001): Energy needs in an internet economy: a closer look
at data Centres. Master Thesis, University of California, Berkeley, July 2001

Münchner Kreis (Hrsg.) (1999): 2014 - Die Zukunft von Information, Kommunika-
tion und Medien. München: Marketing + Wirtschafts Verlagsgesellschaft

MURE (Mesures d'Utilisation Rationelle de l'Energie) (2002): Update within the
ongoing SAVE Project "Monitoring tools for energy efficiency in Europe".
Published in Spring 2002 (www.mure2.com and www.isis-it.com/mure)



55

NFO (2000ff): Monitoring Informationswirtschaft. Faktenberichte im Auftrag des
Bundesministeriums für Wirtschaft und Technologie. München: NFO In-
fratest

NFO Infratest (2002): Monitoring Informationswirtschaft. 4. Faktenberichte 2002
im Auftrag des Bundesministeriums für Wirtschaft und Technologie.
München

OECD (2000): Information Technology Outlook 2000: ICTs, E-Commerce and the
Information Economy. Paris: Organisation for Economic Co-operation and
Development

OECD (2001): Communications Outlook 2001. Paris: Organisation for Economic
Co-operation and Development

OECD/STI working paper (2000): The contribution of ICT to output growth: A
study of the G7 countries

Prognos AG; EWI (1999): Die längerfristige Entwicklung der Energiemärkte im
Zeichen von Wettbewerb und Umwelt. Untersuchung im Auftrag des Bun-
desministeriums für Wirtschaft und Technologie. Basel, November 1999

Rath, U. et al.(1999): Klimaschutz durch Minderung von Leerlaufverlusten bei
Elektrogeräten-Instrumente. UBA Texte 5/99. Tübingen/Kiel/Berlin.
http://www.umweltbundesamt.org/fpdf-k/1789.pdf

Rath, U.; Hartmann, M.; Präffcke, A., Mordziol, C. (1997): Klimaschutz durch
Minderung von Leerlaufverlusten bei Elektrogeräten. UBA Text Nr. 45/97,
Umweltbundesamt, Berlin

RegTP (1999ff a): Jahresberichte. Marktbeobachtungsdaten der Regulierungs-
behörde für Telekommunikation und Post. Bonn: Regulierungsbehörde für
Telekommunikation und Post

RegTP (1999ff b): Halbjahresberichte. Marktbeobachtungsdaten der Regulie-
rungsbehörde für Telekommunikation und Post. Bonn: Regulierungsbehörde
für Telekommunikation und Post

RegTP (2001a): Tätigkeitsbericht 2000/2001. Bonn: Regulierungsbehörde für Tele-
kommunikation und Post.

RegTP (2001b): RegTP News Nr. 01/2001. Bonn: Regulierungsbehörde für Tele-
kommunikation und Post



56

RegTP (2001c): Ortsnetzwettbewerb 2000: Situationsbericht zum deutschen Orts-
netzwettbewerb. Bonn: Regulierungsbehörde für Telekommunikation und
Post

RegTP (2001d): Lizenzklasse 1: Digitaler, zellularer Mobilfunk. Bonn: Regulie-
rungsbehörde für Telekommunikation und Post

Rennings, K. et al. (1997): Nachhaltigkeit, Ordnungspolitik und freiwillige
Selbstverpflichtung. Heidelberg: Physica-Verlag

Rieth-Hoerst, S. (2002): Strombedarf und Einsparmöglichkeiten moderner Kom-
munikationstechniken. Diplomarbeit an der Fachhochschule Karlsruhe, Fach-
bereich elektrische Energietechnik. Karlsruhe, März 2002

Rosen, K., Meier, A. (2001): Energy Use of U.S. Consumer Electronics at the End
of the 20th Century. In: Bertoldi, P., Ricci, A., de Almeida, A. (2001): Energy
Efficiency in Household Appliances and Lighting. Berlin: Springer-Verlag

Ross, J.P., Meier, A. (2001): Whole-House Measurements of Standby Power Con-
sumption. In: Bertoldi, P., Ricci, A., de Almeida, A. (2001): Energy Effi-
ciency in Household Appliances and Lighting. Berlin: Springer-Verlag

Ross, J.P.; Meier, A. (2000): Whole-house measurements of standby power con-
sumption, University of California, Berkeley, USA, Lawrence Berkeley Na-
tional Laboratory, USA, 2000

Ross, J.P.; Meier, A. (2000): Whole-house measurements of standby power con-
sumption, University of California, Berkeley, USA, Lawrence Berkeley Na-
tional Laboratory, USA, 2000

Roth, K.W.; Goldstein, F.; Kleinman J. (2002): Energy Consumption by Office and
Telecommunicatios Equipment in Commercial Buildings. Volume I: Energy
Comsuption Baseline. Arthur D. Little Reference No. 72895-00 for Office of
Building Equipment. Office of Building Technology and Community Pro-
grams. Cambridge, MA: Arthur D. Little. 
www.eren.doe.gov/buildings/documents/pdfs/office_telecom-vol1_final.pdf

Rubik, F., Scholl, G. (Ed.) (2002): Eco-labelling practices in Europe. An overview
of environmental product information schemes. Schriftenreihe des
IÖW162/02. Berlin, März 2002

Schlesinger, M. (2001): Szenarienentwicklung - Soziodemografische und ökonomi-
sche Rahmendaten. Zwischenbericht für die Enquete-Kommission "Nachhal-
tige Energieversorgung" des Deutschen Bundestages. Basel: Prognos AG



57

Schlomann, B., Böde, U., Jochem, E., Kling, N. (2000): Entwicklung eines Energie-
Effizienz-Konzeptes für Deutschland unter Auswertung vorliegender eu-
ropäischer Erfahrungen und unter Berücksichtigung der föderalen Struktur
Deutschlands. untersuchung im Auftrag des Ministeriums für Umwelt und
Verkehr Baden-Württemberg. Karlsruhe, Dezember 2000

Schlomann, B.; Eichhammer, W.; Gruber, E.; Kling, N.; Mannsbart, W.; Stöckle, F.
(2001): Evaluierung zur Umsetzung der Energieverbrauchskennzeichnungs-
verordnung (EnVKV). Untersuchung im Auftrag des Bundesministerium für
Wirtschaft und Technologie. Karlsruhe, Nürnberg: März 2001

SevenOne Media (2001): Time Budget 1999 - 2001. Unterföhring: SevenOne
GmbH

Spreng, D., Aebischer. B. (1990): Computer als Stromverbraucher. Schweizer Inge-
nieur und Architekt

Statistisches Bundesamt (1998): Bestand und Struktur der Wohneinheiten, 1998

Statistisches Bundesamt (2001): Statistisches Jahrbuch 2001 für die Bundesrepublik
Deutschland. Wiesbaden: September 2001

Statistisches Bundesamt (Hrsg.) (1991ff): Statistische Jahrbücher für die Bundesre-
publik Deutschland. Stuttgart: Metzler-Poeschel

Statistisches Bundesamt (Hrsg.) (1999): Wirtschaftsrechnungen: Einkommens- und
Verbrauchsstichprobe 1998. Heft 1: Langlebige Gebrauchsgüter privater
Haushalte. Stuttgart: Metzler-Poeschel

Statistisches Bundesamt et al. (Hrsg.) (2000): Datenreport 2000: Zahlen und Fakten
über die Bundesrepublik Deutschland. München: Olzog

Thomas, S. (2001): Towards Higher Efficiency of IT-Products: The German/
European Approach sowie Eco-Labelling and Green Procurement Schemes
for IT Products: Teh German/European Approach. In:: Langrock, T., Ott,
H.E., Takeuchi, T.: Japan&Germany: International Climate Policy & the IT-
Sector. Wuppertal: Wuppertal Institute & IGES, S. 123-136 sowie S. 149-164

Thomas, S.; Barthel, C., (2002): www.internet.co2? GHG Emission Trends of the
Internet in Germany. Presentation at IEA Workshop, 21/22 February 2002,
Paris

Troll, L. (2000a): Arbeitsmittel in Deutschland. Teil 1: Moderne Technik bringt
neue Vielfalt in die Arbeitswelt. In: IAB Kurzberichte 6/2000 vom 16.5.2000



58

Troll, L. (2000b): Arbeitsmittel in Deutschland. Teil 2: Moderne Technik kommt
heute überall gut an. In: IAB Kurzberichte 7/2000 vom 17.5.2000

Troll, L. (2000c): Beschäftigung im Strukturwandel: Sättigungstendenzen in einer
veränderten Bürolandschaft. In: IAB Kurzberichte 17/2000 vom 28.12.2000

Troll, L. (2000d): Die Arbeitsmittellandschaft in Deutschland im Jahr 1999. In:
Dostal, W.; Jansen, R.; Parmentier, K. (Hrsg.). Wandel der Erwerbsarbeit:
Arbeitssituation, Informatisierung, berufliche Mobilität und Weiterbildung
(Beiträge zur Arbeitsmarkt- und Berufsforschung, 231). Nürnberg: Institut für
Arbeitsmarkt- und Berufsforschung der Bundesanstalt für Arbeit. S. 125-150.

Umweltbundesamt (Hrsg.): Umweltfreundliche Beschaffung - Handbuch zur
Berücksichtigung des Umweltschutzes in der öffentlichen Verwaltung im
Einkauf. 4. Aufl., München: Vahlen

van Eimeren, B., Gerhard, H., Frees, B. (2001): ARD/ZDF-Online-Studie 2001:
Internetnutzung stark zweckgebunden. Entwicklung der Online-Medien in
Deutschland. In: Media Perspektiven 8/2001, S. 382-392.

van Eimeren, B.; Ridder, C.-M. (2001): Trends in der Nutzung und Bewertung der
Medien 1979 bis 2000. In: Media Perspektiven 11/2001, S. 538-553.

Weidig, I.; Hofer, P.; Wolff, H. (1999): Arbeitslandschaft 2010 nach Tätigkeiten
und Tätigkeitsniveau. Nürnberg: Institut für Arbeitsmarkt- und Berufsfo r-
schung der Bundesanstalt für Arbeit (Beiträge zur Arbeitsmarkt- und
Berufsforschung, 227)

Wiel, S., McMahon, J. E. (2001): Energy Efficiency Labels and Standards: A
Guidebook for Appliances, Equipment, and Lighting. Washington, D.C., Feb-
ruary 2001

Windeck, C. (2001): Leisetreter - Sieben leise Komplettrechner im Test. c't 2001
Nr. 24, S. 182 - 191

Wortmann, K. et al. (1999): Energieeffizienz am liberalisierten Markt: ein Energie-
Effizienz-Fonds für Deutschland. Energiestiftung Schleswig-Holstein, Studie
7, Kiel

Wortmann, K., Möhring-Hüser, W. (2001): Off really off? Eco-marketing as energy
efficiency approach. In: Further than ever from Kyoto? Rethinking energy ef-
ficiency can get us there. Proceedings of the 2001 eceee Summer Study. 11-
16 June 2001, Mandelieu, France, S. 368-379



59

Wortmann, K.; Möhring-Huser, W., Schötz, D.; Krieg, O. (2002): Wirklich Aus?
Ergebnisse der landesweiten Stromsparkampagne der Energiestiftung
Schleswig-Holstein. In: Energiewirtschaftliche Tagesfragen 52 (2002) 1/2, S.
78-83 (http://www.wirklich-aus.de)

Wortmann, K.; Möhring-Huser, W.; Krawinkel, H (2001): Aus. Wirklich aus? Die
Stand-by-Kampagne der Energiestiftung Schleswig-Holstein. In: Energie-
wirtschaftliche Tagesfragen 51 (2001) 5, S. 290-292 (www.wirklich-aus.de)

Wuppertal Institut/ebök (2000): Klimaschutz durch Effizienzsteigerung von
Geräten und Anlagen in den Bereichen Haushalte, Kleinverbrauch und Büros
- Sachstand/Projektionen/CO2-Minderungspotenziale. Zwischenbericht April
2000. Wuppertal/Tübingen (Veröffentlichung des Abschlussbericht voraus-
sichtlich im Frühjahr 2002)

Xonio (2001): Marktzahlen, Analysen, Branchenberichte. http://www.xonio.com

Ziesing, H.-J. et al. (1999): Politikszenarien für den Klimaschutz. Band 5. Szenarien
und Maßnahmen zur Minderung von CO2-Emissionen in Deutschland bis
2020. Jülich: Forschungszentrum (Reihe Umwelt/Environment Band 20)

Zoche, P.; Kolo, C.; Harnischfeger, M. (1998): Mediennutzung der Zukunft im pri-
vaten Sektor. Karlsruhe: Fraunhofer Institut für Systemtechnik und Innova-
tionsforschung



60



61

Appendix 1: Results of the computational model

A1.1 Household end-use appliances (for 2001, 2005 and 2010)
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1  consisting of HiFi amplifier and cassette deck or CD player or audio DVD or minidisc deck; 2 incl. TV/VCR combinations and portable TVs
3 power consumption taking into account the charging efficiency; 4 power demand of charger left in power outlet; 5 standby + off-mode
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A1.2 Household infrastructure (for 2001, 2005 and 2010)
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A1.3 Office end-use appliances (for 2001, 2005 and 2010)
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1 accounted for in households
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1 accounted for in households
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A1.4 Office infrastructure (for 2001, 2005 and 2010)
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1 Energy demand calculated using efficiency
# Efficiency
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A1.5 Infrastructure of telecommunications companies (for
2001, 2005 and 2010)
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