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Introduction

The development of the information society has been and still is accompanied by enthusiasm and a strong sense of necessity, and the challenge for political and administrative institutions at all levels is to increase the pace of the development and remove all hindrances. The necessity springs from the drive for competitiveness and the emergence of new business opportunities in the so-called “experience economy”. At the same time, other parts of the political and administrative system are concerned about environmental issues, not least, due to the prospects of global warming. Information and communication technologies (ICTs) offer both potentials for energy savings and increasing demand for energy use, so there are good reasons to bring together these two agendas. In the early 1990s, the first studies on the positive environmental prospects of ICT emerged (Freeman, 1992), and the first steps were taken towards regulating ICT energy use. Since then, the importance of ICT in relation to energy consumption has had some interest, but still the two agendas tend to develop in relative isolation, and there is still a long way to go before they are really brought together (Alakeson and Wilsdon, 2003, p. 10).

This paper is intended as a contribution to considering ICT in an energy perspective. ICTs have many other environmental impacts than those related to energy, but they are only included in so far as they influence the energy impacts. The point of departure is the integration of ICTs in households, and the energy impacts of changing household practices are discussed. Most studies of ICT and energy have concentrated on macro scenarios or the prospects seen from the production side, so households have not received much attention. In this context, the paper has an explorative character, and it is based on a combination of literature studies, discussions with experts, and a visit to the “digital home” in Taastrup, Denmark. The data used in this paper mainly refer to Denmark. The main interest is to provide a basis for further in-depth studies of households, and for more proactive political approaches dealing with the energy impacts of ICT. The intention is not, however, to quantify the complex relations between household ICT use and the related energy impacts, outline scenarios for future developments, or to assess whether ICT development in households is good or bad in an energy perspective. The integration of ICT in household practices is a fact; thus, it is less important whether the net energy impact is positive or negative than it is to find ways to avoid the negative impacts and encourage the positive. The purpose of the paper thus fits into the discussion of humans as e-actors: On the one hand, the ICT-related environmental impacts influence the quality of human life, and on the other hand, the activities and behaviour of humans as e-actors co-produce these impacts. As e-actors, we influence whether the positive or negative impacts on energy consumption become dominant; therefore, it is important to discuss ICT-use in an energy perspective to find out what we can do, individually and collectively.

In the following, some of the previous studies on ICT and energy are briefly mentioned, and the consumption approach is related to these. Secondly, the integration of ICT in everyday practices and the dynamics behind the changes are outlined, inspired by a historical perspective. Thirdly, a figure illustrating the relationships between everyday practices and the related energy impacts is presented, followed by descriptions of energy impacts directly related to ICT in households, indirect impacts outside households, and derived impacts both within and outside households. The paper concludes with some remarks on political implications and questions for further research.

Previous studies and the consumption perspective
Early studies on the emergence of the information society tended to emphasize the positive potentials related to ICTs, such as the possibilities for increased production efficiency in most sectors (Freeman, 1992); this is still central to more recent studies, although rebound effects come much more to the fore (Berkhout and Hertin, 2001; Hilty et al., 2005; Jørgensen et al., 2006). Furthermore, it is emphasized that the Internet opens opportunities for information sharing in business and academia with regard to environmental issues (Richards et al., 2001, see also a European series of conferences under the heading Informatics for Environmental Protection), and corresponding positive effects are identified in relation to consumers and environmental NGOs (Reisch, 2001).

Gradually, the enthusiasm was supplemented with more discussion on the problematic environmental impacts of ICT. Before the entry of ICTs, offices were usually considered less important when energy requirements were calculated, but since the late 1980s, offices were seen as energy consuming places. Both for economic reasons and in consideration of the environment, more attention turned towards energy savings (e.g. in 1992, the U.S. EPA introduced the Energy Star labelling for office equipment). In the late 1990s and early 2000s, a heated discussion took place in the U.S. in the wake of some provocative statements concerning the high electricity consumption of ICT equipment, titled Dig more coal – the PCs are coming (Huber and Mills, 1999). The statements were repudiated by many other researchers, as can be seen from the summary of the debate at http://enduse.lbl.gov/projects/infotech.html, where links can be found to the many contributions; short summaries can be found in Laitner (2003) and Cole (2003).

Other studies go beyond electricity and include both direct and indirect environmental effects of ICT use, including various categories of rebound effects, for instance (Erdmann et al., 2004; Hilty et al., 2005; Plepys, 2002). In Berkhout and Hertin’s study for the OECD on the environmental impacts of ICT (Berkhout and Hertin, 2001), summarized in (Berkhout and Hertin, 2004), they distinguish between direct effects, indirect effects, and structural and behavioural effects of ICT. Direct effects stem from the production, use and disposal of hardware; indirect effects concern efficiency improvements in production processes and in design and operation of products and services; whereas structural and behavioural effects are a mixture of rebound effects and effects related to increased consumer information. Berkhout and Hertin argue that the direct effects are mostly negative, whereas the indirect efficiency effects are largely positive, and the structural effects (including rebound effects) are highly contested. Related categorizations are used in other studies, e.g. in the foresight study by Jørgensen et al. (2006) and in Hilty et al. (2005).

In most macro studies on ICT and environment, consumers play a very minor role. This role is mostly related to the indirect, structural level where the positive potential related to behavioural change is emphasized. In particular, teleshopping and teleworking are pointed out as having a potential for energy savings related to transport (just as business travel is expected to decrease because of videoconferencing). However, in studies focusing on electricity, consumers are becoming more visible (Aebischer and Huser, 2000; Aebischer and Varone, 2001; Cremer et al., 2003; Roth et al., 2006), and small sections on ICT emerge in reports on consumption and environment (European Environment Agency, 2005).

Consumers have been most visible in relation to the discussion of standby electricity use, beginning in the early 1990s (Sandberg, 1993). Since then, the energy efficiency conferences ACEEE (www.aceee.org), ECEEE (www.eceee.org) and EEDAL (http://re.jrc.ec.europa.eu/energyefficiency/events/eedal2006.htm) have had workshop sessions on standby consumption. Papers have focused on measurements of the size of ICT-related energy consumption in households (Harrington et al., 2006; Roth, 2006) and have discussed how to agree on standards, which can be useful for energy labelling and other types of product regulation (Jones, 2006; Murakoshi et al., 2005). However, standby consumption in households has increased steadily, and internationally, it is estimated to represent 4-11% of the total electricity consumption (Meier, 2005). Standby consumption can be reduced by encouraging producers to develop appliances using less energy, or by getting users to turn off the appliances instead of leaving them on standby. Internationally, the former has received by far the most attention, and this would also be the most efficient if it were successful. In 2005, however, only Japan had compulsory programmes concerning standby, whereas both Europe and USA worked with voluntary agreements (Meier, 2005). Although progress is seen, regulation and standardization is difficult because of the rapid technological development (IEA, 2001).

Nationally, there have also been campaigns targeting consumer behaviour. A Danish study (Gram-Hanssen and Gudbjerg, 2006) indicates that some households quite easily change routines and are able to eliminate the majority of their standby consumption, while others find it more difficult as they have expectations of being online all the time, and their appliances are connected to each other.

In this paper, the intention is to go beyond the relatively narrow roles assigned to consumers in studies on ICT and energy. There is a need for paying more attention to consumers, first of all because ICT is increasingly integrated in everyday life. Furthermore, a consumption perspective can highlight aspects that complement the aspects brought forth when focusing mainly on production, thus also opening up new opportunities for managing the energy impacts. In general, when a production perspective is the point of departure in environmental studies, technological changes tend to be perceived in terms of solutions, because technology can contribute to efficiency improvements. In spite of the increasing awareness of rebound effects, the perspective tends to be mostly optimistic. This differs from the consumption perspective, where new technologies are only in exceptional cases introduced to improve, for instance, the energy efficiency of household activities. New technologies serve as drivers behind consumption growth and will as such contribute to increasing environmental impacts (Røpke, 2001; Røpke, 2003). From this perspective, efficiency improvements become a modification of the main effect. The consumption perspective thus tends to bring the more problematic aspects of technological change more directly into focus – since they are not relegated to the position of rebound effects.
The organization of the paper is inspired by the studies mentioned above and considers different levels of effects (Berkhout and Hertin, 2004; Jørgensen et al., 2006). As the perspective of this paper is more narrow than those studies, the same categories are not directly applicable, but a related way of thinking is reflected in a three level categorization of the energy impacts related to ICT use in households. The impacts are thus grouped as follows:

· Direct energy consumption (mostly electricity) related to the use of ICT equipment in household practices, both in the dwelling and on the move.

· Indirect energy consumption related to the provision of households’ electricity consumption, the production and disposal of ICT equipment for household use, and the running of the infrastructure, such as sending masts and servers. The term “indirect” is thus used here as it is usually used in the energy literature, rather than in the way used in ICT studies.

· Derived energy impacts relate to changes in the composition of consumption and in behavioural patterns influencing households’ energy consumption as well as systemic energy consumption.

The two first categories of energy consumption tend to increase when the amount of equipment is increased, although this can be counteracted by increased efficiency of new equipment. In the third category, more positive impacts can be expected to dominate, such as those related to equipment installed to manage heating and lighting in the dwelling in an energy-saving way – however, the outcomes in this category will be highly contested. This category also covers the effects of teleshopping and teleworking for energy consumption of both households and the wider system. The term rebound effect is not used in this categorization, because the term is attached to the indirect effects of a change that is motivated by environmental concerns (rebound effects in consumption are discussed by Hertwich (2005). In relation to a few cases, it could be relevant here to talk about rebound effects – for instance, in the case of energy-saving heat regulation, which might save money that can be used for more energy-consuming purposes  – but few of the ICT acquirements are motivated by environmental concerns, so this is omitted here.

The integration of ICT in everyday life

As a basis for dealing with the energy impacts of household ICT use, this section focuses on the ongoing process in which ICTs gain access to everyday life. The process is seen in the perspective of the history of technology, as this indicates the sweeping character of the changes.

In some respects, the integration of the computer in everyday life can be compared to the integration of the small electromotor. When the electromotor was introduced, it became integrated in a wide range of domestic appliances and tools – vacuum cleaner, mixer, refrigerator, washing machine, dishwasher, air conditioning, drilling machine, tooth brush. The electromotor could replace muscular strength and transmit energy for heating and cooling, and innovators searched for all conceivable possibilities for developing devices applying this new technology. The motor became part of the thorough transformation of household work, the near disappearance of domestic servants, and the increasing participation of women in the labour force (Cowan, 1983; Olesen and Thorndahl, 2004). The point is not that the electromotor was driving all these changes, but it became integrated in the ongoing social processes and was put to uses formed by the social dynamics. Thus, Cowan emphasizes how the technology could have been used in other ways with different social outcomes, such as collective solutions to household chores, if the social and cultural dynamics had been different. The computer has a general applicability comparable to the electromotor and can be integrated in practically all everyday activities. The computer replaces or enhances brain capacity – the ability to calculate, manage, communicate, and regulate – a quality that can be used everywhere. Presently, innovators are searching all conceivable possibilities for applying this new technology in appliances, tools, and devices that can be tempting for consumers and fit into their topical concerns and desires.

The computer is not only connected to the electricity net (directly or indirectly through batteries), like the electromotor, but can also be connected to networks of communication, including the Internet, the so-called motorway of information. The Internet introduces a new infrastructure that calls for comparisons with the introduction of electricity, telecommunication, broadcasting, and even the water supply and sewerage systems. When developing these large technological systems, many actors and interests are involved and contribute to the co-evolution of technologies and use patterns. When such a system is stabilized, it becomes an unacknowledged basis of everyday life – one more system that we are served by and serve on a daily basis (Otnes, 1988). The Internet has not yet acquired this status of unacknowledged basis of everyday life, but the new possibilities for acquiring information and entertainment and for communication are increasingly being integrated in all conceivable activities, driven by both commercial and political-administrative interests and by users themselves.

Furthermore, the present co-evolution of technologies and everyday life is characterized by increasing mobility. This trend can be seen as a continuation of previous efforts to make all sorts of equipment available for activities on the move, such as the portable gramophone, the portable typewriter, the transistor radio and all sorts of equipment for the car and the camping trip. The mobile phone is probably the most successful innovation ever in this line of mobile appliances, and Levinson (2004, p. 13) argues that this follows from the basic human need to talk and walk. Since in large geographical areas the mobile phone is combined with wireless access to the Internet, then the mobile encyclopaedia, mobile library, and mobile entertainment centre are available as well. The development of wireless connections and better batteries permit more and more activities to be carried out on the move, gradually reducing the difference between what can be done at home and on the move.
These general observations are reflected in the ongoing integration of computer, Internet, and mobile phones in numerous everyday practices. The pervasiveness of these technologies can be illustrated with examples from the different spheres of everyday life. The use of computer and Internet is increasingly integrated in:

Work and education: Telework, e-learning, ordinary school work, well-equipped home offices, video conferences.

Reproductive work: Shopping, banking, public services, health monitoring, the intelligent home (regulation of heating, lighting, security systems), security, child care (entertainment, monitoring), cooking (find the recipe), do-it-yourself (exchange experiences, find information). Computer and Internet also add a new task to the list of reproductive activities, namely ICT maintenance, just as the car once added the task of car wash.

Leisure: Social communication, entertainment, games, creativity, documentation, hobbies, gambling, sex.

Civil society: Organizations, political activities.

Theories concerning the formation of practices in everyday life point out three constituent aspects of a social practice: The competences needed to carry out the practice, the material devices used for the activity, and the meaning attached to it (Shove and Pantzar, 2005; Warde, 2005). This theoretical framework has been used to discuss the formation and change of specific practices, but it can also be used to illustrate more general dynamics cutting across many practices. ICT is an example of generic technological change – a change of basic technologies influencing all sorts of applied technologies – which provides a supply of renewed material devices for many different practices. Simultaneously, these practices are influenced by changes in the other two constituent aspects, as technological change co-develops with changing discourses that offer new meanings to various practices, and with the development of training in the use of the new technologies. In Figure 1 (next page), the three constituent aspects are illustrated in the top part of the figure, surrounding everyday practices. For all three aspects, government regulation, subsidies, campaigns, and other activities play a decisive role alongside the governance enacted by the firms and organizations involved – for instance, in the provision of safety, standards, business models, and training, as well as in influencing the discourses through reports on the need for keeping up in the competitive race, the prospects for experience economy, and the potential for using ICT in various sectors.

In the formation of everyday practices, the ICT-related dynamics meet with other social dynamics related to dominant social concerns and trends of the time. Examples are the long-term trend towards individualization and personal independence, the discourse on busyness, stress and the balance between work and family life, and the preoccupation with body and health. In Figure 1, these cross-cutting trends are mentioned within the box of everyday practices. In relation to each specific practice, many other, more detailed concerns will be important.

Direct energy consumption
The most immediate energy impacts of the integration of ICT in everyday practices are visible in household electricity consumption. Still this impact is not large compared to other categories of energy consumption in households, but it is increasing. Denmark has been particularly successful with regard to decoupling household energy consumption from economic growth. From 1990 to 2005, household energy consumption increased only 4.4%, but electricity consumption for lighting and appliances increased 18% (Energistyrelsen, 2006). Most electricity is used for white goods, but the importance of media technologies, including TV, video, computers and related equipment, is increasing. Presently, approximately 20% of electricity consumption is used for media equipment, and about half of this is used for standby (Gram-Hanssen, 2005).

As illustrated in Figure 1, energy consumption related to the use of ICT depends on the quantity of ICT equipment, the energy efficiency of this equipment, and the patterns of use, that is, the number use hours, the time on standby, and the intensity of use (the energy consumption of some appliances depends on the kind of use). In the following, some of the present trends influencing electricity consumption will be highlighted.

Presently, television and video weigh more heavily than computers, and in the near future, a particular burst of energy consumption can be expected in relation to the digitization of television and the diffusion of HDTV, High Definition TeleVision. The increasing energy consumption is related to the need for set-top boxes that can be combined with existing TV sets or are integrated in new sets. In spite of increasing interest in keeping down energy consumption of TV sets, little interest has been directed towards set-top boxes, and many 
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Figure 1. Relations between ICT-related changes of everyday practices and the ensuing impacts on energy consumption.

models are rather ineffective. Since the stock of TV sets is large - nearly one set per person (Energistyrelsen, 2006) - and since many people have to follow suit, if they want to watch television (except for a large group connected to cable TV who can carry on as usual), the impact can be expected to be considerable. Of course, digitization can be an opportunity to replace older energy-consuming models with newer and more energy-effective models (LCD (Liquid Crystal Display) flat screens are more efficient than the old CRT (Cathode Ray Tube) screens); however, replacements are often combined with increasing screen size, counterbalancing the efficiency improvements. The interest in so-called home cinema equipment has increased, including acquirement of plasma screens, which are particularly energy-consuming. TV sets prepared for receiving HDTV are also more energy-consuming, because of the higher resolution. Instead of following the trend towards increasing average efficiency exhibited by white goods, the average efficiency of TV sets has been relatively stable and even decreased a little (Energistyrelsen, 2006). As mentioned, the number of TV sets is already very high, but the diffusion of flat screens might increase the number further, as these screens are easy to place everywhere, bringing TV into kitchen and bathroom and adding to the use of TV as a kind of “background” for other activities.

Digitization of television does not seem to be directly related to any profound changes in the practice of watching television. The quality of the picture improves, and it is possible to turn on subtitles in various languages. When digitization is combined with the use of media centres / harddisk recorders, the opportunities for flexibility are increased, as programmes can be shifted in time more easily than with the use of video and DVD. Visions regarding interactive television are discussed (Jensen and Toscan, 1999), but it still remains to be seen whether practices change more profoundly.
While television is bound to a particular practice, computers and Internet are integrated in a wide variety of practices. The increasing energy consumption related to computer and Internet springs from the integration in an increasing number of practices and the ensuing increase in time use and amounts of equipment. When time use at the computer increases, household members increasingly demand their own computer so they do not have to wait for their turn. The demand for individual independence that is well-known from the acquisition of TV sets now makes itself felt for computers – that each person should have his or her computer seems obvious for younger generations. A less developed trend – which might become more important in the future – is the emergence of activity-specific or room-specific computers - for instance, specially equipped computers for use in the kitchen, the bathroom, or in the garage, where conditions may be tough.

Due to rapid technological change and ever more advanced applications, there is not only a demand for more computers, but also for ever more powerful computers and other ICT equipment. Demand thus increases for:

· higher quality, such as larger screens with better resolution

· more processing power, needed e.g. to run the latest versions of operating and security systems and the advanced graphics in games

· more data storage capacity, needed for the increasing amounts of photos, videos, sound files, mails

· larger bandwidth, needed for video-streaming and for upstream P2P (peer to peer) file-sharing of videos and music.
These changes constitute a strong force counterbalancing improvements in energy efficiency.

Seen over a long period, various factors have influenced the energy efficiency of computers (based on Cole, 2003). To increase the processing power of computers without increasing the size, heat reduction was necessary, and this stimulated efficiency improvements. With the introduction of laptop computers energy-saving was encouraged because of the desire to increase battery life, and the advances for laptops were later brought into desktop computers; this was the case, for instance, for built-in power management, which was brought from laptops to desktop computers in the early 1990s. The U.S. conservation programme, Energy Star, strongly encouraged further improvements, so from the mid-1990s, standby consumption decreased drastically, and impressive savings were achieved in business offices in the U.S. However, the power levels in operation did not change much, because the efficiency improvements co-developed with more powerful microprocessors, more memory, and more disk storage. The monitor part of the computer became more energy-intensive in the 1990s, because of the almost universal shift to colour screens and larger screens with higher resolution. However, over a more extended period of time, the shift from CRTs to LCDs saves energy.

Since modern computers are very diverse due to consumer-specified features, the power requirements vary so much that it can be difficult to assess the general trend (Cole, 2003, p. 138). Danish data indicates that the average new desktop computer does not require less energy in operation than computers a few generations older (T. Fjordbak Larsen, pers. comm.). However, an increasing number of new computers are laptops, and they are more energy-effective than desktop computers. In 2006, for the first time, the number of laptops sold in Denmark exceeded the number of desktop computers. This can be an energy-saving trend, if the laptops replace the desktop computers, but it is difficult to assess to which extent the laptops are additions rather than replacements. Desktop computers are still cheaper in terms of processing power per dollar, so a person interested in playing games or carrying out other demanding graphical activities will often prefer a desktop. Furthermore, it is easier to extend a desktop computer with supplementary graphics cards or other peripherals.

Power management functions offer good opportunities for energy savings, but they have to be activated. This is not always done, either because of lack of knowledge or because of technical difficulties related, for instance, to network connections and coupling to other equipment.

The question of complementarity versus substitution in the case of laptops and desktops can be raised in a more general context. In many cases, ICT equipment incorporates a variety of functions and can, in principle, replace other, more specialized appliances. An example is the camera phone, which can render the camera superfluous. However, the camera in the mobile phone cannot provide the same quality and capacity as the dedicated camera; therefore, the camera phone may become part of a diversification process rather than part of a rationalization of the number of appliances. Another example is the combined printer-scanner-copy machine, which can reduce the number of appliances attached to the computer. However, it is expensive to run a scanner because of the need for colour cartridges, so it can be cheaper to invest in a supplementary laserprinter for printing texts.

The trend towards diversification of equipment seems to be strong, as reflected in the wide variety of available devices advertised in magazines. Not the least in regard to mobile devices, the supply is widening as more mobile functions become available. Rapid technological change implies that multiple generations of equipment co-exist (such as tape recorders – CD players – MP3 players, and video – DVD – hard disk recorders). Consumers thus tend to have an increasing number of small and/or supplementary devices, often related in various ways to the core products – the computer and the TV set. The direct energy consumption of each of these devices in the use phase is usually not large (except for standby consumption that can be high for some products), but the sum of the small contributions may be significant. Adding to this is the phenomenon that less attention is focused on the energy consumption of the peripheral devices than on the energy-efficiency of the computer and the TV set. One reason may be the quick renewal rate, which does not allow producers to pay much attention to optimizing energy-efficiency; and another reason may be the lack of regulatory attention, partly due to the difficulties related to regulating products that are changing so quickly.

A particular trend adding to ICT-related energy consumption emerges from the phenomenon of multi-tasking. Especially young people are able to manage computer, television, music centre, mobile phone, and the electric guitar – all at the same time. A Danish study thus demonstrates the high electricity consumption by teenagers (Gram-Hanssen et al., 2004). Older generations may be less able to multi-task, but they are able to install systems that use electricity without anybody being present, such as surveillance cameras and other security systems. One of the visions related to the “intelligent home” is the possibility of communicating with the security systems at a distance (for instance, opening the door for the postman bringing a parcel or the plumber coming to repair an installation in the house).

The “intelligent home” is based on a network infrastructure in the house and a central server (sometimes more than one) with Internet connection. Running the central infrastructure can be very energy-demanding, as an early study indicates (Huser and Aebischer, 2002). Presently, few people have realized this idea, but the increasing number of servers, routers, wireless networks etc. in homes illustrate that a pro-active approach would be highly relevant to avoid large increases in energy consumption.

As part of the trend towards so-called pervasive computing, electronics is increasingly added to manage such electric equipment as white goods, cookers, and cooker hoods, and RFID tags are about to be integrated in many other goods. This will add to the problems with electronic waste, but it is difficult to assess the energy impacts.

Finally, it is worth mentioning that the search for new ways of using ICT has resulted in more functions using energy in the use phase – functions which were previously carried out without energy consumption in the use phase. Examples are the electronic diary and shopping list, maps for navigation, photo frames showing digital pictures, and surveillance.

Summing up, the increasing direct energy consumption related to ICT equipment has many sources. The effect of increasing quantities of equipment and of more time spent on activities using ICT is difficult to counterbalance with efficiency improvements, especially because the equipment in itself becomes more powerful, and because in some cases the attention on energy-efficiency is limited.

Indirect energy consumption

Relatively few data are available for elucidating the indirect energy consumption related to household use of ICT, but it is possible to give a broad outline.

The first component of the indirect energy consumption relates to the provision of the electricity used for operating the household equipment. This component differs between countries in accordance with the efficiency achieved in electricity production. Due to a high degree of combined power and heat supply, this efficiency is relatively high in Denmark. This component of the indirect energy consumption is thus only about the same size as the direct electricity consumption.

The second component relates to the energy used for the production of ICT equipment. For desktop computers used at home, Kuehr et al. (2003, p. 4) estimate that more energy is needed to produce the machine than to power it during the use phase – contrasting sharply with other durable goods like refrigerators, where relatively much more energy is needed in the use phase. Later estimates (e.g. Jönbrink and Zackrisson, 2007) suggest that energy consumption in the use phase for computers is about two to three times the energy needed for manufacturing (the different results are probably related to both increased use time per computer and increased production efficiency), but this is still far from the proportions that are characteristic for other durable goods.
For mobile phones, the economic life is very short (the average service life for mobile phones in Europe is estimated to be one year), and this makes the relative importance of the energy consumption in the production phase even greater (Jönbrink and Zackrisson, 2007; Legarth et al., 2002). In general, the rapid rate of renewal for ICT equipment implies that energy use for production is a very important category.

The third component relates to waste handling. The high-tech parts of computers and other electronic equipment are difficult to recycle, while the bulk materials like steel and aluminium are easier to handle (Klatt, 2003). Recycling processes require energy, but as they provide materials that can substitute virgin materials requiring more energy to extract, the net result is usually positive. Overall, the energy aspect of waste handling is negligible, whereas the problem with toxins and working environment are huge (Hilty et al., 2006; Jönbrink and Zackrisson, 2007).

Finally, the fourth component relates to the operation of the ICT infrastructure. Few studies are available, but they indicate that the issue is important (e.g. Hille et al., 2007). A recent report from IDC illustrates the enormous growth of digital information and the need for storage capacity, not only at user level but also for service providers such as Google (Gantz et al., 2007). Some service providers run large parks of servers, so services that appear to be virtual – immaterial – from a user perspective can be based on quite extensive material investments. The virtual world of “Second Life” thus has a material basis in the servers of Linden Lab. Running the base stations in the UMTS-network for mobile phones also requires much electricity (Emmenegger et al., 2006), and in general, the increasing number of mobile devices with Internet access will add to the energy consumption of the infrastructure.

Derived energy impacts
While both direct and indirect energy consumption tend to increase when the number of appliances and the time spent using them are increased, the derived energy impacts are more likely to be positive. Most obviously, ICT can be used directly for energy savings. Thus, ICT can be used for managing heating and lighting in the dwelling (lowering of the temperature at night, sensors turning off the light when nobody is in the room), and ICT can also make it easier for households to monitor their energy consumption and thus encourage savings. The Danish Electricity Saving Trust estimates a potential for electricity savings from 10 to 30% in households by using intelligent building systems to control the electric equipment. For instance, in summer cottages, heated by electricity and only used occasionally, using such systems has a large potential for reducing consumption; however, today, existing systems are too expensive due to a lack of competition, and also the standards are closed, meaning that they cannot communicate with the electronic equipment of existing systems (Ingeniøren newsletter, 21.04.2006).
Also, the Internet can be used for making available relevant information on energy savings, as can be seen, for instance, at the homepage of The Danish Electricity Saving Trust http://www.elsparefonden.org/ and the recently initiated public campaign to encourage people to help save one ton of CO2. While these impacts are positive in an energy perspective, it should not be overlooked that the Internet, in an analogous way, can encourage energy-intensive consumption – for instance, by making available new options for booking cheap flights and finding exotic travel destinations (Reisch, 2001).

While it is relatively simple to see that ICT can be used for energy-saving purposes, it is far more complex to consider the effect on the various practices into which the use of ICT becomes integrated. In some cases, the use of ICT is just an “add on”, where more equipment is added to well-known activities that are not much changed. An example can be the use of a “running computer” for monitoring one’s training efforts; such an addition does not change the practice of running in ways that has an impact on energy consumption. The same goes for quality improvements, such as larger screens, HDTV, and better graphics in game consoles.

In other cases, practices are changed more profoundly by the integration of ICT. Environmental improvements, including energy savings, have been expected from such changes, especially in relation to teleshopping, teleworking, and the replacement of material products such as newspapers and CDs by Internet-based services. Jørgensen et al. (2006) summarize a number of studies on telework and transport. Whereas some of the early studies were very optimistic with regard to the potential for energy savings, more recent studies emphasize that a substantial part of the transport savings are counterbalanced by increased transport for other purposes and increased transport by other family members. In general, the results regarding structural impacts are highly sensitive to system boundaries, and are dependent on behavioural assumptions. Studies are often inconclusive, because it is difficult to know, for instance, whether people will continue to shop in stores, even though they buy some things via the Internet, and whether they will move further away from their workplace to take advantage of lower property prices when they work at home part of the week.

Supplementary to the discussion on derived impacts in relation to individual practices, it is possible to raise the issue from a more general perspective: If consumers tie their money and their time to the acquirement and use of ICT, then less money and time are available for other purposes – and the question is, whether these other purposes are more or less energy-intensive per monetary unit and/or per unit of time. It may seem surprising that the question is raised in terms of both money and time, as one of these two perspectives could appear to be sufficient, particularly if an economic maximization model is applied (Linder, 1970). However, in practice, both time and money constitute limitations on consumption, and institutional constraints imply that the two factors cannot be reduced to the one or the other. To start with the monetary perspective, the acquirement of ICT equipment and services takes up an increasing share of consumers’ income. In general, competition on hardware keeps prices down and energy intensities high. In some cases, service providers have succeeded in keeping high prices due to monopolistic or oligopolistic market conditions, which implies a relatively low energy intensity per monetary unit (examples are charges for telephoning, Internet access, and packages of television programmes). However, public regulation is quite active with regard to breaking the monopolistic tendencies, not only because of the general wish to promote competition, but also because of the particular interest in developing the information society. A recent project thus demonstrates that the energy intensity of ICT-based leisure activities is relatively high (Hille et al., 2007, p. 166-67).
From the perspective of time, it is worth considering whether the integration of ICT tends to take up time that could have been used for other purposes, or whether, on the contrary, time is freed for other purposes. If, for instance, reproductive activities, such as paying the bills, shopping, and contacting the taxing authorities, can be carried out in a shorter time by using the Internet, then time is freed for either working more (and earning more money) or having more leisure time (where money can be spent). Also, activities usually considered to be leisure, such as planning holiday travels, can be accomplished more effectively, thus freeing time. Multi-tasking and accomplishing tasks on the move can add to the productivity increase. On the other hand, the Internet is known to be time-consuming. One can become absorbed in surfing and sidetracks, thus reducing the time available for other activities and related consumption.

It is difficult to conclude anything regarding the consequences of the changing composition of time use and consumption in the wake of ICT integration in various practices. But it can be argued with more certainty that the supply of ever-changing ICT and the integration of ICT in a wide variety of products and practices serve as part of the motor driving consumption growth. It is difficult to imagine the achievement of any kind of satiety in this dynamic setting.

Concluding remarks

As emphasized in the introduction, the intention of this paper is not to assess whether the integration of ICT in household practices is good or bad in an energy perspective. In any case, the issue is so complex that even very elaborate studies would hardly be able to lead to any decisive conclusions. It is more important to find ways to avoid the negative energy impacts of ICT development, and to encourage the positive impacts. The issues dealt with in this paper suggest various ways in which the net result can be improved:

· The indirect energy consumption, especially that which is related to the production of ICT equipment, carries great weight. Therefore, “The simplest and most effective way to reduce environmental burden may be to ensure that users need fewer new PCs in the first place”, as Kuehr et al. (2003, p. 14) argue. In chapters 8, 10 and 13 in their anthology it is discussed how the lifespan of computers can be extended through more effective used-computer markets, smooth transfer of software licenses to secondary users, and easier ways to upgrade computers. The issue of lifespan extension is highly relevant, also for other ICT equipment and not least for mobile phones.

· Power management functions are important for electricity consumption in the use phase, and it is still highly relevant to focus on the reduction of standby consumption, both by technical means and through changed patterns of behaviour.

· Digitization of television should be complemented with intense campaigns for the choice of energy-efficient replacements.

· The focus on the energy use of the core products, the computer and television, should be broadened to also include the wider range of ICT equipment.

· Economic considerations have not been the focus of this paper, but it should be mentioned that the net energy impact of ICT use is influenced by the price of energy. For instance, there is a potential in using ICT for energy savings, and the realization of this potential depends, at least partly, on energy prices. The price of energy for transport is also decisive with regard to the derived impacts - for instance, whether people decide to move further away from their workplace when they have the opportunity to telework part of the week. In short, price incentives, as well as other incentives not directly related to the technology, influence the net energy impact of ICT use.

The above suggestions relate to direct and indirect energy consumption, whereas it is much more difficult to consider how positive energy impacts can be encouraged and negative impacts prevented when focus is turned to the derived impacts. To improve the basis for elaborating suggestions for a pro-active approach to ICT-related energy consumption, further in-depth studies of household ICT use could be useful. Such studies could deal with questions such as:

· In which practices are ICT becoming integrated? For which household members?

· In which cases does the ICT integration serve as an add-on to previous ways of carrying out the activities, and in which cases do the activities change more profoundly?

· Does the use of ICT save time, for instance, in relation to shopping, banking transactions, and enquiries to public authorities?

· Does the use of ICT save transport in relation to the same activities?

· What does social communication via ICT imply for people’s wish to meet socially?

· Is ICT applied for the purpose of saving energy?

· How often are various appliances replaced?

· Do several generations of appliances co-exist?

· Which functions are served by diversified equipment?

· Which functions are merged in rationalized equipment?

· What do households do with equipment they want to discard?

Hopefully, such studies on households’ ICT use in an energy perspective can encourage the increased integration of  the agendas related to the information society and to climate change, respectively.
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