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PREFACE 

This report documents the results of a study conducted for the Na- 
tional Renewable Energy Laboratory (NREL) of the U.S. Department 
of Energy (DOE) on how the Internet and related information and 
communications technologies (ICTs) may influence future supply, 
demand, and delivery of electricity in the United States. The DOE 
needs a better understanding of the important factors driving the 
transition toward a digital society and the likely changes that it will 
bring about—both to make better estimates of future energy re- 
quirements and to inform planning for its long-term energy R&D 
portfolio. 

Rather than attempt to make specific technology forecasts in a 
rapidly changing and highly uncertain environment, this study de- 
veloped four different scenarios of ICT evolution over the 20-year 
period 2001-2021 and explored their implications for U.S. electricity 
requirements. The results are compared to the electricity use projec- 
tions made by the DOE Energy Information Administration (EIA) and 
then discussed in relation to the R8fD portfolio of the Office of Energy 
Efficiency and Renewable Energy (EERE). 

RAND SCIENCE AND TECHNOLOGY 

RAND is a nonprofit institution that helps improve policy and deci- 
sionmaking through research and analysis. RAND Science and Tech- 
nology (S&T), one of RAND's research units, assists government and 
corporate decisionmakers in developing options to address chal- 
lenges created by scientific innovation, rapid technological change, 
and world events. RAND S&T's research agenda is diverse. Its main 
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areas of concentration are science and technology aspects of energy 
supply and use; environmental studies; transportation planning; 
space and aerospace issues; information infrastructure; biotechnol- 
ogy^ and the federal R&D portfolio. 

Inquiries regarding RAND Science and Technology may be directed 
to: 

Steve Rattien 
Director, RAND Science and Technology 
RAND 
1200 South Hayes Street 
Arlington, VA 22202-5050 
703-413-1100x5219 
www.rand.org/scitech 
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SUMMARY 

Many Americans believe the country is moving toward a "digital so- 
ciety" that entails increased use of the Internet and other informa- 
tion and communications technologies (ICTs) in their daily lives. 
While it is widely accepted that ICTs will have a profound effect on 
individuals and organizations over the next two decades, there is lit- 
tle agreement about what those changes imply in terms of electricity 
and other energy needs. Would a dramatic shift to an electronic mar- 
ketplace along with "ultra-wired" households, schools, and work- 
places sharply increase electricity use? 

Our study examined the potential impact of expanded ICT use on 
electricity consumption and system capability in the United States. 
We conclude that even large growth in the deployment and use of 
digital technologies will only modestly increase electricity consump- 
tion in the United States over the next two decades. The more press- 
ing concern for an emerging digital society will be meeting increased 
need for higher-quality and more-reliable power. 

FOUR SCENARIOS FOR ASSESSING ICT IMPACT ON 
ELECTRICITY NEEDS 

To create a framework for assessing the links between future ICT 
growth and electricity requirements, we built four scenarios describ- 
ing different paths of ICT development through 2021. The scenarios 
differ primarily in two ways: the extent of ICT use at home and at 
work, and how society regulates or otherwise controls ICT use—i.e., 
in a centralized or decentralized manner. We chose the scenario ap- 
proach because we believe changes in ICTs are happening too fast 
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and with too much turbulence to permit technology forecasting, 
mapping, or assessment over 20 years. 

Our four ICT scenarios make different assumptions about levels of 
ICT ownership and use, the growth of e-commerce and other ICT 
applications, and the principal ICT-related issues society must deal 
with. In brief: 

• Reference scenario. This scenario describes a relatively straight- 
forward, "few surprises" extrapolation of current technology and 
application trends, leading to widespread societal use of ICTs 
and networked services, with an overall balance between 
centralized and decentralized control. Security, privacy, and 
other ICT-related problems persist, but U.S. society has achieved 
generally workable solutions for them. 

• Zaibatsu scenario. In this scenario, large conglomerate corpora- 
tions (known as Zaibatsu in Japan) own and operate the ICT (and 
electricity) infrastructures. They control e-commerce, ICT- 
intensive "intelligent transportation systems," and most other 
ICT applications. ICT usage is even higher in this centralized sce- 
nario than in the Reference scenario, and although the Zaibatsu 
and the federal government exercise strong economic and social 
controls, most Americans accept the Zaibatsu for the security 
and stability they have brought to society. 

• Cybertopia scenario. In this scenario, there is equally high use 
and trust of networked ICT as in Zaibatsu, but control of the 
technology is more distributed, to individuals as well as large and 
small organizations. Tens of billions of embedded ICT devices 
liiJced by wireless networks have been deployed for public and 
private applications. Economic markets and consumer prefer- 
ences largely determine individual use of ICT products and ser- 
vices, with light government regulation and modest subsidies for 
low-income and other targeted groups. 

• Net Insecurity scenario. This scenario is less optimistic than the 
others. Persistent, unresolved security problems reduce public 
trust in and use of networked ICT applications and services. 
Large businesses, government agencies, and individuals who can 
afford to do so rely on highly secured private networks for infor- 
mation, communications, and transactions. Others mostly avoid 
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interactive services and watch digital high-definition television 
displayed on large flat screens at home. 

For each of these scenarios, we developed estimates of ICT-driven 
electricity use through 2021 and compared them with projections 
made by the U.S. Energy Information Administration (EIA) in its 
most recent Annual Energy Outlook (which we refer to as the AEO 
2002). 

The projections we made in this study consider three distinct kinds 
of ICT influence: (1) electricity consumption by ICT equipment, (2) 
changes in electricity use brought about by ICT-facilitated energy 
management systems (EMSs), and (3) implications for electricity 
usage of ICT-driven trends such as e-commerce and telework. Con- 
sumption by ICT equipment is the most direct and visible effect, but 
not necessarily the most important. Over time, ICT influences on 
energy management and on broader socioeconomic trends will likely 
have much more consequential effects on electricity and other en- 
ergy use. However, they imply behavioral as well as technological 
changes and thus are much more difficult to estimate. This was a 
principal reason for developing several scenarios rather than making 
a single projection. 

GROWTH IN ICT USE WILL ONLY MODESTLY INCREASE 
TOTAL ELECTRICITY USE 

From the perspective of kilowatt-hours consumed, we found that 
very leirge increases in the number of digital devices over the next 20 
years will have only modest effects on electricity demand. We looked 
for, but did not find, a set of plausible assumptions that might sup- 
port another scenario, one with ICT networks, computers, and office 
equipment using 10 percent or more of the national electricity total 
by 2021. In none of our 2021 scenarios does this percentage exceed 
5.5 percent. 

All four of our scenarios show lower total power consumption in 
2021 than was projected in the AEO 2002, ranging from 3 percent less 
in Net Insecurity to 11 percent less in Cybertopia. This difference 
stems principally from our baseline 2001 estimates for power use by 
computer, office, and network ICT equipment being more than 75 
terawatt-hours (TWh), or 45 percent, below those in the AEO 2002. 
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The difference widens to more than 200 TWh when projected for- 
ward to 2021. 

For 2021, our electricity use projections, compared to those extrapo- 
lated from the AEO 2002, are higher for the residential sector and 
lower for the commercial and industrial sectors. In our Reference 
scenario, the 2021 projected total for all three sectors is 4,630 TWh, 
which is 7 percent below die AEO 2002 projection. EMSs in buUdings 
and telework are responsible for the greatest electricity savings, with 
digital industrial process controls and e-commerce also making sub- 
stantial contributions. 

Of the scenarios, Net Insecurity uses the most electricity, primarily 
because this scenario's loss of trust in public networks results in 
lower power savings from EMSs, e-commerce, and telework. In con- 
trast, Cybertopia's much higher use of EMSs, e-commerce, and tele- 
work brings power savings that are 400 TWh (9 percent) greater than 
those of Net Insecurity and 570 TWh (11 percent) greater than those 
of the AEO 2002 projection. The relatively narrow range of 400 TWh 
between our lowest and highest projections for power use in 2021 
reflects our analysis that ICT represents a factor of roughly 5 to 6 per- 
cent in explaining U.S. total electricity consumption. Of course, all 
these projections are rough estimates based on incomplete data and 
a large number of assumptions about how the future will unfold. 

For the important category of computer, office, and network ICT 
equipment, the projections indicate relatively modest increases in 
power consumption over the 20-year period. Our 2001 estimate of 
118 TWh represents 3.4 percent of total electricity use, which is far 
below some earlier estimates but consistent with recent data. Look- 
ing forward, greater power demands from larger numbers of more 
powerful digital devices will be moderated by greater use of more 
electticity-efflcient components, low-power embedded devices, and 
wireless equipment and networks. 

Our analysis also led to additional findings that appear robust across 
the scenarios: 

•    Telework and ICT-facilitated energy management can have large 
effects on electricity consumption; 
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• Expanded use of both digital process controls in manufacturing 
and business-to-business e-commerce brings power savings that 
while not as large as those for telework and EMS are more consis- 
tent among scenarios with quite different assumptions; 

• Business-to-consumer e-commerce has smaller effects on overall 
electricity consumption; 

• The power-saving effects of EMSs in the residential sector 
depend less on ICT advances than on consumers' behavioral 
response to time-of-use or real-time pricing; 

• Telework increases electricity consumption in the residential 
sector while lowering it in the commercial and industrial sectors, 
the net effect depending both on the number of teleworkers and 
the average number of days spent teleworking. 

THE ELECTRICITY SYSTEM NEEDS TO FOCUS ON 
HIGHER POWER QUALITY AND RELIABILITY 

In addition to making quantitative projections of electricity use, our 
analysis identified four important, cross-cutting energy supply is- 
sues: 

• Assurance of power quality for very large numbers of digital 
devices; 

• Use of ICT to improve grid reliability and operations; 

• Use of ICT to support distributed generation and storage; 

• Reduction of the vulnerability of the ICT and electricity infra- 
structures. 

Previous debate has focused largely on the issue of how much elec- 
tricity will be needed to power the Internet and related ICT equip- 
ment. Our analysis, however, concludes that meeting the increased 
demand for higher power quality and reliability (PQR) will be a more 
important issue for a digital society. We thus recommend that the 
Office of Energy Efficiency and Renewable Energy (EERE) expUcitly 
include the goal of improving power quality in its strategic plan, as 
well as in appropriate R&D and technology programs. 
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A related conclusion: The electricity supply and distribution systems 
necessary to support a digital society will increasingly rely on power 
electronics and other ICT developments for improved power mea- 
surement, monitoring, and control. These ICT advances are essential 
to improving PQR for digital loads, increasing grid reliability, en- 
abling the growth of distributed energy resources, and making elec- 
tricity and ICT infrastructures more robust and resilient. 

POLICY IMPLICATIONS: EXPANDED USE OF R&D 
TO DEVELOP ICTs AND DEPLOY THEM IN THE 
ELECTRICITY SYSTEM 

EERE may need to pay greater attention to accelerating the develop- 
ment of ICTs and their deployment in the U.S. electric power system. 
Our scenarios emphasize the importance of bringing the results of 
R&D into commercial practice to support the increased future de- 
mands of digital loads, especially in the two high-ICT-use, Zaibatsu 
and Cybertopia scenarios. In-time deployment of ICT in the electric- 
ity infrastructure depends on R&D success in reducing costs as well 
as in increasing performance. While EERE supports a number of 
projects in these areas, most of the relevant R&D is industry funded 
and has been under financial pressure as the industry restructures. 
Electricity industry restructuring may well lead to underinvestment 
in R&D and infrastructure improvements, although we cannot con- 
clude that such possible market failures will seriously constrain ICT 
growth. 

We recommend that EERE assess the goals, schedules, obstacles, and 
likely outcomes of current government and industry R&D programs 
in such areas as 

• Power electronics for transmission and distribution (T&D); 

• Power sources for very small, wireless digital devices; 

• Energy storage for high PQR applications; 

• Self-healing microgrids and T&D networks. 

If the analysis finds evidence for underinvestment, or for mismatches 
between likely availability and need, a good case can be made for 
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supporting additional R8fD or providing incentives to deploy ICT in 
the electricity infrastructure. 

Achieving EERE's ambitious goals for distributed energy resources 
may also demand more attention to ICTs that can be used to monitor 
and control the interconnection of distributed generation and stor- 
age imits. We again recommend that EERE assess industry and gov- 
ernment R&D to ascertain whether current efforts are likely to be 
sufficient. We specifically see a need to simulate and then demon- 
strate the technical and economic feasibility of interconnecting large 
numbers of distributed generation units that can export power dur- 
ing peak periods. Our Reference and Cybertopia scenarios also show 
the importance of ICTs for supporting real-time or other efficient 
markets for power sales by distributed generation units. 

The Net Insecurity scenario most directly shows the added burdens 
and losses caused by continued infrastructure vulnerability, but im- 
proved infrastructure protection is important in each of our scenar- 
ios. We recommend that EERE further explore how ICTs can support 
a larger role for distributed energy resources in reducing the vulner- 
ability of the electricity infrastructure. Self-healing microgrids, se- 
cure communication links among distributed energy resources, and 
autonomous local agents for balancing electricity supply and de- 
mand—all of these deserve serious study and possibly increased 
R&D support. Given the increased national commitment to infra- 
structure protection and security since September 11, additional 
effort in this area could have a high payoff. 

A digital society's reliance on high PQR brings with it the need to 
better quantify and understand the dimensions of the so-called 
"digital load"—i.e., the portion of the electricity demand that, be- 
cause it comes from ICT equipment and other applications, requires 
higher PQR than the electricity grid now provides. We subdivided the 
digital load into two components with different PQR requirements: 

• The high PQR load, which includes most home and office com- 
puters, copiers, and other office equipment; digital television and 
audio systems; home networks; and the digital controls for 
growing numbers of networked sensors and appliances. 

• The ultra-high PQR load, from network operators, financial ser- 
vice providers, e-commerce firms, semiconductor fabricators, 
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and other businesses relying on digital ICT equipment that must 
operate continuously without interruption. 

At present, the data are insufficient for estimating either component 
of the digital load or for making sensible future projections. Conse- 
quently, we recommend that both HERE and EIA give high priority to 
efforts to collect such data and that they consider including esti- 
mates of the digital load as a separate category in the Annual Enersv 
Outlook. ^ 

We also recommend that the focus of additional analysis to improve 
projections of ICT-driven electricity consumption be on how ICT in- 
fluences energy management and broader societal changes, as well 
as on direct power use by digital equipment. Specific topics deserv- 
ing further study include actual measurements of and projected 
trends for 

• Telework in specific occupational categories and industry sub- 
sectors; 

• Effects of telework on electricity consumption in the residential, 
commercial, and industrial sectors, and on vehicle fuel con- 
sumption; 

• Electricity savings from introducing adjustable speed drives and 
other digital controls in manufacturing processes; 

• Inventory reductions resulting from business-to-business e- 
conmierce; 

• Warehouse and other commercial space reductions resulting 
from business-to-consumer e-commerce; 

• Vehicle fuel savings resuhing from business-to-consumer e- 
commerce; 

• Consumer behavioral responses to time-of-use or real-time 
pricing of electricity; 

• Effects of electric and fuel cell vehicles, in terms of both pur- 
chases of electricity for vehicle use and sales of electricity gener- 
ated by these vehicles for other uses. 
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Each of these factors can have a significant impact on power use over 
a 20-year period, so better ways to estimate their effects can lead to 
improved overall projections of future U.S. electricity consumption. 

One final note: This study should be seen as an exploratory effort to 
create scenarios that illuminate potentially important ICT develop- 
ments and to assess their implications for future electricity supply, 
demand, and delivery. Further research should consider additional 
driving factors, such as industry restructuring (in both electricity and 
ICT). It should also consider lower-probability, high-consequence 
events, such as widespread chip-to-brain implants in humans or the 
use of fuel-cell-powered vehicles as distributed generators of elec- 
tricity when garaged or otherwise not in motion. Additionally, the 
ICT drivers could be melded more fully with demographic, cultural, 
and lifestyle variables to produce more-integrated future scenarios 
for both strategic planning and multiyear energy projections. 
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 Chapter One 

INTRODUCTION 

1.1   INFORMATION AND COMMUNICATIONS 
TECHNOLOGIES AND ENERGY IN 
A DIGITAL SOCIETY 

Many Americans believe that the United States is moving steadily 
toward a digital society, although few would agree on precisely what 
this term means. To some, a digital society implies growing reliance 
on networked information and communications technologies (ICTs), 
with more and more people using the Internet and such other ICTs 
as cell phones, digital video recorders, digital music players and, of 
course, personal computers (PCs). To others, such a society suggests 
changes in the structure and operation of the economy that empha- 
size higher productivity, quicker obsolescence of capital goods and 
human skills, the use of customized processes to make better prod- 
ucts at lower cost, and the growth of ICT-intensive businesses such 
as electronic commerce (e-commerce).i To still others, a digital soci- 
ety is characterized by significant changes in how individuals spend 
their time and relate to other people;^ examples could include "tele- 
working" from home instead of commuting to an office, organizing a 
social event by electronic mail (email) rather than by telephone or 

^The emergence of a "digital economy" in the United States and other industrialized 
countries is now the topic of a large and growing literature, upon which this study 
draws. See, for example, Margeherio et al., 1998; U.S. Department of Conmierce, 2000; 
OECD, 1999; Brynjolfsson and Kahin, 2000; and Jorgenson and Stiroh, 2001. 

^A good discussion of and links to the literature on social impacts of ITC can be found 
at UCLA professor Philip Agre's Website, http://dlis.gseis.ucla.edu/people/pagre/rre. 
html. For a European perspective, see Ducatel, Webster, and Herrmaim, 2000. 
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letter, and playing bridge with a partner over the Internet instead of 
entertaining friends or watching television at home. 

Whether the focus is on technology, the economy, or society at large, 
it is widely accepted that ICTs will have profound effects on individ- 
uals and organizations over the next two decades. But there is as yet 
little agreement about what these effects imply for the use of elec- 
tricity and other forms of energy in the United States. Mark Mills and 
Peter Huber (MiUs, 1999; Huber and Mills, 1999; and Huber, 2000), 
whose estimates have been widely reported in the press and in con- 
gressional testimony, argue that the Internet and related ICT equip- 
ment consumed some 8 percent of U.S electric power in 1998 and 
will require a much larger share in the future. However, researchers 
at Lawrence Berkeley National Laboratory and Arthur D. Little, Inc., 
who conducted more-detailed studies (Koomey et al., 1999; Koomey, 
2000; and Roth, Goldstein, and Kleinman, 2002) than did Mills and 
Huber conclude that Mills and Huber's estimates are highly over- 
stated and that computer, office, and network ICT equipment 
accounted for only about 3 percent of U.S. power consumpdon 
in 1999/2000.3 Other analysts who challenge the Mills and Huber 
power growth assumptions believe that growing use of ICTs will 
likely reduce U.S. electricity intensity in the future.^ 

1.2 REPORT OBJECTIVES, SCOPE, AND ORGANIZATION 

The study's principal goal was to build a broad framework for analyz- 
ing the relationships among ICTs, their likely economic and social 
consequences, and future energy requirements. We constructed a 
series of plausible scenarios for ICT growth and use from 2001 to 
2021 through which to identify important driving factors and to dis- 
tinguish likely trends and developments from those that are more 
speculative or highly uncertain. In this approach, technical and 
nontechnical factors are interwoven. For instance, in analyzing the 
implications of digital technology for energy management in the 
home, one must estimate both the technologies that will be available 
and affordable (e.g., digital electricity meters and appliances con- 

^Also see Hayes, 2001. 

*For example, see Romm, Rosenfeld, and Herrmann, 1999. 
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nected to home networks), and the ways in which consumers will 
respond to developments (e.g., electricity prices that vary by time of 
day or by the overall level of demand). 

Our report tries to indicate explicitly what restrictions and assump- 
tions underlie the scenarios, and where the greatest questions and 
uncertainties remain. This point is important for understanding not 
only the analysis itself, but also the policy implications that can rea- 
sonably be drawn from the analysis. For example, while the Internet 
obviously has global scope and reach, this report deliberately em- 
phasizes ICT developments and implications in the United States. 
Thus, its findings and conclusions do not necessarily apply to coun- 
tries other than the United States. The report also focuses on ICT 
implications for electricity, giving rather limited attention to the 
implications for oil, natural gas, and other fuels. 

Chapter Two of this report discusses the approach, methodology, 
and data sources we used to generate our 20-year ICT scenarios, 
which are then described in Chapter Three. Chapter Four presents 
quantitative projections of U.S. electricity consumption for each sce- 
nario from 2001 through 2021; Chapter Five discusses the impli- 
cations of the scenarios for such electricity supply issues as power 
quality and reliability, evolution of the transmission and distribution 
grid, distributed energy resources, and infrastructure vulnerabilities. 
Chapter Six contains our findings and policy recommendations. 
Further details about the scenarios and electricity use projections are 
provided in two appendices. 



Chapter Two 

APPROACH AND MEITODOLOGY 

2.1   WIIY CREATE SCENARIOS? 

To assess how inlornialion and cominunicarions lechnologies (KJTs) 
will aflecr electric power over the next 20 years, one must estimare 
what ICT developmenrs will occur and wtiat their effects are likely 
to be. While this clearly is not an easy task, there arc various ap- 
proaches, or rnethodoiogies, that can be employed as aids: technol- 
oijv forecasts, rcsadniaDs, assessnients, anci sceiiarios. 

The first three of these approaches usitally focus on a technological 
end point, range, or path, A techiiology/bretrflsf is, as the terns sug- 
gests, a prediction about the characteristics of a particular technoh 
ogv at a particular future time (Martino, 1978, pp. h-2). The forecast 
raav be a point estimate or an estimated range incorporating the 
level of uncertainty associated with the prediction. A technology 
roadmap depicts the key scientific and technical advances needed to 
reach a desired end state, or "destination."' A technological fl5sc5s- 
fnent is princioaliv cnricerned with "evaluating the social conse- 
quences of la] technological change" (Pool, 1983, p. 2). Like technol- 
ogv forecasts, roadmaps and assessments generally treat uncertamty 
as an excursion around a preferred path or destination. 

In contrast, a scenario includes uncertaintv as an esseiitial feature ol 
the exploration. It develops both the technical and nontechnical 
characteristics of "an alternative future plus a description of the path 

Preceding Page Blank 
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that goes from today to that future" (Dewar, 2002), its goal being to 
provide a self-consistent future world with a credible narrative lead- 
ing to a plausible end point. Together, several scenarios span a space 
that is considered likely to contain the actual future state, although 
any individual scenario is by itself unlikely to be realized. 

We chose the scenario approach because we believe changes in Ids 
are happening too fast and with too much turbulence to permit fore- 
casting, mapping, or assessment over a 20-year period. In the words 
of a recent National Research Committee report on the future of the 
Internet, "The middle of a revolution is a difficult point from which 
to gauge long-term outcomes" (Computer Science and Telecommu- 
nications Board, 2001a, p. 2). By offering several plausible alternative 
paths and end points, scenarios can aid policymakers by challenging 
assumptions, revealing possible gaps in planning, and suggesting 
adaptive or hedging strategies for contingency planning and research 
and development (R&D) programs.^ 

2.2 APPROACH TO DEVELOPING ICT SCENARIOS 

In constructing the ICT scenarios, we followed a process that RAND 
has used for other scenario-building exercises. In our case, it in- 
volved the foUowing six steps: 

• Review ICT trends and developments; 

• Review recently published scenarios and planning documents; 

• Characterize current and future ICT applications; 

• Interview ICT and other experts to identify important technical 
and nontechnical driving factors; 

• Identify likely and possible implications of ICT developments; 

• Synthesize the results into a small number of scenarios that de- 
pict different ICT development paths and societal outcomes. 

Beginning in the late 1960s, Royal Dutch/Shell pioneered the use of scenarios in 
these ways for business planning. For accounts of the Royal Dutch/Shell experience, 
see Wack, 1985; Schwartz, 1991; and Van der Heijden, 1996. Also see Smil, 2000 
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When considering technology trends, it is useful to look back at least 
as far as one intends to look forward. Consequently, we reviewed ICT 
studies jfrom the late 1970s through the present that were conducted 
by the National Research Council, the Office of Technology Assess- 
ment, the Aspen Institute, and others.^ Recent scenarios of interest 
included, among others, those created for the Central Intelligence 
Agency (National Intelligence Council, 2000), the U.S. Air Force (Air 
University, 1995), the European Commission (Information Society 
Technologies Advisory Group, 2001; and Botterman et al., 2001), the 
Millennium Project of the American Council for the United Nations 
University (Glenn and Gordon, 2000), and the Department of Energy 
(DOE) Interlaboratory Working Group (2000). A number of recent 
trade books by ICT stakeholders also provided popular and often 
insightful accounts of prospective ICT developments.^ 

To be useful to corporate decisionmakers or government policymak- 
ers, scenarios must be interesting, relevant, and few. If there are 
many scenarios dealing with multiple outcomes or possibilities, the 
situation quickly becomes unmanageable and the scenarios there- 
fore unhelpful. "Never more than four" is a consistent theme among 
successful scenario builders (Wack, 1985b). As a consequence, we 
had to sift through a large number of possible influences on ICT 
evolution to find one or two drivers to form the framework for very 
different but self-consistent future paths and end states. 

2.3  ICT DRIVING FACTORS 

A great many technical and nontechnical factors interact in influenc- 
ing the path and pace of movement toward a digital society: 

•     Innovations in ICT products and services, which make them bet- 
ter, cheaper, and easier to use; 

^Examples include reports from the Computer Science and Telecommunications 
Board, 2001a, 2001b, 1997,1996,1995,1994, and 1988; Anderson et al., 2000; Hundley 
et al., 2000; Kahan, 1993; and Robinson, 1978. 
*See, for example, Negroponte, 1995; Gates, Myhrvold, and Rinearson, 1996; Mitchell, 
1997; Dertouzos, 1998; Norman, 1998; and Kurzweil, 1998. A more complete list of 
recent trade books about digital technology can be found at http://www.nytimes. 
com/books/specials/digital.html (last accessed August 30,2002). 
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• Development of new and/or better ICT network applications; 

• Investments in ICT and related infrastructure; 

• Demand for ICT products, services, and applications, which 
drives their adoption and diffusion rates; 

• Industry and market structures for ICT products, services, and 
applications; 

• Extent of regulation or other government controls; 

• Public trust and confidence in ICT networks, services, and appli- 
cations; 

• Overall economic, political, social, and security environment. 

An essential characteristic of a digital society is near-universal access 
to and pervasive use of ICT equipment, services, and networks in all 
ordinary pursuits and venues: working, learning, traveling, doing 
routine chores, interacting with friends and family, and relaxing at 
home. Widespread availability and use of digital technologies seem 
far more important than does the nature of the technologies them- 
selves. In fact, the closer the United States moves toward a digital 
society, the more embedded and invisible the technologies become. 
This is a major theme in most of the literature cited earlier, just as it 
was in the interviews with experts and brainstorming sessions we 
conducted during this project. 

As a result, we selected ICT level of use as the first of two principal 
drivers of the scenarios. We also discovered from our literature 
search and personal discussions that there is a strong correlation be- 
tween use and trust—a discovery that, in hindsight, should not have 
been very surprising. Individuals and institutions must have trust in 
networked ICT products and services before they will use them (or 
permit them to be used by others in their organization) for important 
functions. The link between trust and use has been observed consis- 
tently in the adoption of ICTs ranging from telephone answering ma- 
chines to automatic teller machines, and today this link regulates the 
expansion of e-commerce and other Internet applications.^ 

^The Computer Science and Telecommunications Board (1999, p. 13) provides a good 
definition of trust in a networked information system (NIS): a "trustworthy NIS does 
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Society's approach to regulating or controlling networked ICTs 
constitutes the second principal driver of the scenarios. Specifically, 
we distinguish centralized economic, governmental, and social 
controls from those that are more decentralized or distributed. 
Monopoly provision of goods and services, rviles set by large organi- 
zations, and strong federal laws embody centralized controls- 
compared to the decentralized controls represented by (econom- 
ically efficient) markets for goods and services, policies set by small 
organizations, and local government regulation. We chose the locus 
of control as a scenario driver partly because it is important for both 
ICT and energy systems, but more because centralized controls 
and decentralized controls lead to quite different evolutionary paths 
toward a digital society. 

2.4  DATA, ASSUMPTIONS, AND UNCERTAINITIES 
IN THE SCENARIOS 

Baseline data for the scenarios and analysis were taken from many 
government and private sources (cited here and in the chapters that 
follow). Population, demographic, and household data are fi:om the 
2000 U.S. Census (2001a); estimates of the size and scope of the U.S. 
"digital economy" are primarily from recent Department of Com- 
merce documents (Margeherio et al., 1998; and U.S. Department of 
Commerce, 2000). Electricity and related energy data are from the 
Energy Information Administration (2001)—specifically, the Annual 
Energy Outlook 2002 with Projections to 2020, which we refer to in 
this report as the AEO 2002—and from EPRP and other industry 
sources. Our 2001 estimates of U.S. stocks and use of computers and 
other ICT equipment and services are based on Census data; on 
studies/surveys conducted by Lawrence Berkeley National Labora- 
tory,7 Arthur D. Little, Inc. (Roth, Goldstein, and Kleinman, 2002), the 
Pew Internet and American Life Project (2002), and the UCLA Center 
for Communication Policy (2001); and on estimates from a variety of 
industry experts, industry associations, and trade journals. 

what people expect it to do—and not something else—despite environmental 
disruption, human user and operator errors, and attacks by hostile parties." 

^Formerly the Electric Power Research Institute. 

^Chapter Four provides the relevant references. 
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The scenario projections through 2021 are entirely our own respon- 
sibility, but they were aided by and compared with projections in the 
AEO 2002 and in shorter-term industry forecasts.^ The assumptions 
underlying the scenarios are described in the following chapter and 
in greater detail in Appendix A. Uncertainties are largely built into 
the scenario structure—for example, each scenario makes its own as- 
sumptions about consumers' use of e-commerce two decades from 
now. Technology availability thus leads to very different conse- 
quences in different scenarios. 

We have tried to make the assumptions in the scenarios as explicit 
and transparent as possible; but, of course, many additional details 
and possibUities are left out. We do not, for example, examine the 
consequences of "high" or "low" energy prices in future years, as 
does the AEO 2002. Nor do we estimate the effects of differing as- 
sumptions about future economic growth or lifestyle that are not ICT 
related. Perhaps most important, our scenarios do not include major 
international events such as wars, long-term disruptions of oil or gas 
supplies, or environmental catastrophes. Our focus is on ICT-driven 
effects on the U.S. economy and society, although we do recognize 
that national security and political drivers can easily overwhelm 
results stemming from technological change. 

Our ICT scenarios complement scenarios being created elsewhere 
to explore international and other driving factors, all of which will 
contribute to the overall planning efforts of the Office of Energy Effi- 
ciency and Renewable Energy (EERE) and DOE. They are intended to 
help decisionmakers who are thinking about the uncertainties in- 
herent in technology and energy projections and considering what 
actions can be taken now as possible hedges against the adverse con- 
sequences of future surprises. 

^Good starting places for seeking such industry forecasts are Cyberatlas, at 
http://cyberatlas.internet.com, and eMarketer, at http://www.emarketer.com 
Another useful forecast through 2010 is in Sanchez et al., 1998. 



Chapter Three 

INFORMATION AND COMMUNICATIONS 
TECHNOLOGY SCENARIOS 

3.1   OVERVIEW OF SCENARIOS 

As stated in Chapter Two, the principal drivers of our 20-year (2001- 
2021) scenarios are the overall use of and trust in information and 
communications technologies (ICTs), and the relative emphasis on 
centralized versus distributed ICT control. We first developed one 
scenario for the first five years, 2001 through 2006, that is common to 
all of the 20-year scenarios. This common scenario depicts a fairly 
straight-line extrapolation of current technical, demographic, and 
behavioral trends, without significant surprises. 

Figure 3.1 shows schematically the path from 2001 to 2006 within a 
two-by-two matrix whose vertical and horizontal axes are, respec- 
tively, the level of ICT use and trust, and the locus of ICT control. 
Note that overall ICT usage in 2006 is at the lower edge of the matrix, 
whereas 2001 usage sits below the matrix. The figure essentially es- 
tablishes 2006 as the base for discussing subsequent developments 
and represents our view that ICT usage will increase substantially 
from 2001 to 2006 in all plausible scenarios. We assume that the lo- 
cus of control will move only slightly toward decentralization during 
this first five-year period. 

With 2006 as the divergence point, Figure 3.2 shows the relationship 
between the 2006 base and the 2021 end points for the four scenar- 
ios. The "Reference" scenario shown essentially continues along 
the path of the first five years, moving steadily upward hi usage and 
modestly toward further decentralization over the 15 years from 2006 

11 
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Figure 3.1—Common 2001-2006 Scenario 

to 2021. The second scenario, "Zaibatsu," depicts even higher ICT 
usage, with highly centralized control. The third scenario, "Cyber- 
topia," shows ICT usage equally as high as that of Zaibatsu, but with 
control largely decentralized. The fourth, "Net Insecurity," exhibits 
less overall ICT usage in 2021 compared to the other three (although 
more than the 2006 base), with more centralized than decentralized 
controls. 

All of the scenarios are described and discussed further in the re- 
mainder of this chapter; their underlying assumptions are presented 
in greater detail in Appendix A. 

3.2  COMMON 2001-2006 SCENARIO 

The first five years see continuing advances in ICTs and both a 
broadening and a deepening of ICT use in the United States. Moore's 
Law remains fully in force in this common scenario, doubling the 
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Figure 3.2—Relationship of 2021 Scenarios to 2006 Base 

number of electronic components on a semiconductor chip every 18 
to 24 months and making ICT products and systems ever faster, bet- 
ter, and cheaper. Optical fiber bandwidth and computer memory 
show even more-rapid gains. Steady progress continues in ICT 
hardware and software technologies, such as optical communication 
networks, voice recognition, biometrics, and micro-electromechani- 
cal systems (MEMS). And by 2006, the number of "information appli- 
ances" and other specialized devices—most of them wireless—ex- 
ceeds the number of PCs connected to the Internet. 

3.2.1  Ownership and Use of ICT Devices 

Table 3.1 summarizes our projected trends in ownership and use of 
digital ICT devices between 2001 and 2006. Wireless growth outstrips 
wired network growth, resulting in more than two-thirds of U.S. 
adults having cell phones and/or personal digital assistants (PDAs) 
by 2006 (although this percentage is still below that of wireless users 
in Scandinavia and some other countries). The common scenario as- 
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Table 3.1 

Projected Trends in Ownership and Use of ICT Devices, 
2001-2006 

Percentage 

2001        2006 
Households with telephone service 94 95 
Adults with cell phone/PDA 40 70 
Adults using Net 70 90 
Households with computer 52 80 
Households with Net access 35 70 
Households with broadband Net access 9 30 
Households with cable or satellite TV 75 80 
Households with digital TV receiver <i 8 
Households with broadband home network 3 20 
Households with networked EMS <i 10 

sumes that delays in building out third-generation wireless networks 
translate to relatively few users having broadband wireless access to 
the Internet from home at data speeds greater than 256 kilobits per 
second {kbps).i However, broadband wireless data access is more 
generally available in airports, hotels, cafes, offices, and other com- 
mercial buildings. 

By 2006, 90 percent of U.S. adults actively use the Internet (known 
simply as "the Net") at home, work, or school. Seventy percent of 
households have Net access; 30 percent have broadband access from 
home above 256 kbps, primarily via the legacy coaxial cable and 
copper networks.2 Fiber-to-the-home is still a rarity. In rural areas. 

The 256 kbps represents a current (2002) perspective of "broadband" Internet access, 
mostly available through cable modem or telephone digital subscriber line service In 
future years, broadband will undoubtedly be redefined to require data speeds of 
megabits or gigabits per second. 

^The increase in broadband households from 9 percent in 2001 to 30 percent in 2006 
imphes a compound annual growth rate of 27 percent, which is considerably below 
the 50 to 100 percent annual grovrth in digital subscriber line and cable modem 
connections observed from 1997 to 2001. We project that broadband growth will be 
lower from 2001 to 2006 due to the bursting of the dot.com bubble, the economic 
recession that began in 2001, and steep reductions in capital expenditures by the 
major telephone and cable providers. Our projections also are net of customers 
discontinuing broadband service, which is knovm as "chum." 
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satellites permit data downloading from the Net at broadband 
speeds, but most data links upstream from homes remain at speeds 
below 128 kbps. 

Fewer than 10 percent of households have purchased a digital TV re- 
ceiver by 2006, although nearly half have set-top digital boxes 
installed to receive digital television signals from cable or satellite. 
Most households own several digital game consoles, digital music 
players, digital video cameras, digital versatile disk (DVD) players, 
and digital video recording devices. Broadband "smart home" net- 
works are important sales features in upscale new houses, condo- 
miniums, and apartments; overall, some 20 percent of residences 
have wired or wireless home networks in 2006. Home networks are 
principally used for security and child monitoring, as well as for in- 
terconnecting computer, office, and entertainment devices. New re- 
frigerators and other major appliances often come with addressable 
chips and are advertised as "home network ready," but at this point 
relatively few households actually use the networking features. Simi- 
larly, use of home networks for energy management systems (EMSs) 
has been slow to take off, although digital utility meters and time-of- 
use pricing cire beginning to penetrate the residential market. 

3.2.2 E-Commerce and Other ICT Applications 

Despite the Internet bubble of the late 1990s and the dot.com disas- 
ters that followed, business-to-business (B2B) e-commerce con- 
tinues to improve and extend its reach. By 2006, the vast majority of 
firms routinely use intranets and/or the Net for online procurement, 
supply chain management, customer service, banking and related 
treasury functions, and financial communications. Payments for B2B 
transactions have become largely automated. Large firms conduct 
much of their routine business online and encourage their employ- 
ees to focus on face-to-face contacts among colleagues, suppliers, 
and customers for important matters. 

Although most of the business-to-consumer (B2C) e-commerce 
startups fold in the 2001-2002 recession, overall B2C keeps growing 
throughout the downturn and rebounds strongly afterward. By 2006, 
60 percent of U.S. adults purchase some goods and services on the 
Net (up from 35 percent in 2001), and nearly half have participated in 



16    Electricity Requirements for a Digital Society 

one or more online auctions. An appreciable share of consumer 
travel, banking, and other financial transactions is conducted online. 
The spread of smart credit and debit cards with digital signatures has 
improved online security enough that customer complaints and dis- 
putes are at about the same level for online as for conventional 
transactions. Consumers routinely use software agents to compare 
prices and other features among competing online vendors and to 
recommend specific purchases, but relatively few people let agents 
complete their transactions: they prefer to make final buying deci- 
sions themselves. 

Teleworking firom home expands nearly 50 percent, going from 17 
million (9 percent of the adult work force) in 2001 to 25 million (13 
percent of the adult work force) in 2006.3 However, most teleworkers 
work only part-time at home, spending the majority of their work 
week at an office. Many other ICT applications that were in devel- 
opment or used only by early adopters in 2001 have moved further 
into the mainstream by 2006. For example: 

• Movie theaters are converting firom film images to high-defini- 
tion digital formats; 

• Theme parks have installed many more high-definition virtual 
environments; 

• Most college students and one-third of working adults partici- 
pate in some distance learning classes over the Net; 

• Smart, miniaturized defibrillators, insulin pumps, and other 
medical devices are now routinely implanted in patients; 

• Medical monitoring over the Net is offered to patients with smart 
implants, the elderly, and others with chronic conditions; 

• Telemedicine is now more widely available in rural and urban 
areas but is used primarily for physician consults rather than 
primary patient care; 

The estimate of 17 million teleworkers in 2001 comes from Nilles, 2000. The Institute 
for the Study of Distributed Work OSDW) at the University of California at Berkeley 
estimates a somewhat lower figure. The difference is likely due to different definitions 
of teleworking and different survey methods (Charies Grantham, ISDW, private 
communication, 2002). 
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• Nearly all commercial vehicles and more than half of new cars 
have global positioning system (GPS) and wireless navigation, 
safety, and security systems; 

• New California vehicle license plates include a permanently in- 
stalled, addressable "smart chip" for theft prevention and toll 
collection, among other applications; 

• Networked environmental sensors to monitor air, water, and soil 
conditions are becoming common. 

3.2.3 ICT Issues in 2006 

The economic, social, and political issues surrounding ICTs in 2006 
look remarkably like those of 2001. Although rhetoric over the 
"digital divide" has somewhat subsided, 30 percent of U.S. house- 
holds are still unconnected to the Net, and the political debate now 
includes efforts to provide subsidized broadband access to low- 
income households. Many privacy and intellectual property rights 
issues also remeiin unresolved. 

Security on the Net is clearly the number-one policy concern in 2006. 
Driven in large part by the terrorist attacks of 2001, strong new laws 
against cybercrime have been enacted, and hardware, software, and 
information providers have invested heavily in upgrading infrastruc- 
ture security. Digital signatures with biometric identification keep 
fraud and other commercial cybercrime within acceptable limits, al- 
though identity theft (believed to come primarily from perpetrators 
outside the United States) remains a problem. Because of concerns 
about cybercrime, prison inmates no longer receive training in pro- 
gramming or other ICT skills. 

However, new vulnerabilities appear with each new generation of 
ICT technology, and new computer viruses and other malicious 
codes continuously challenge Net operators and users. Although 
firewalls are now mandated for every broadband Net connection, a 
survey in 2005 found that less than half of home broadband users 
had successfully installed the latest security patches. The growing 
numbers of always-connected home computers are increasingly at- 
tractive targets for hackers and criminals. Many fear that security on 
the Net will not keep pace with attackers' new capabilities. Still, Net 
usage is growing strongly, and business, government, and consumer 
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users rely more heavily on networked communications, information, 
and transactions in 2006 than ever before. 

3.3 REFERENCE SCENARIO 

As shown in Figure 3.3, the Reference scenario basically continues 
the 2001-2006 trends over the next 15 years. This vision of 2021 por- 
trays an economy and society strongly linked with and dependent on 
ICTs. Nearly all individuals and organizations use ICT devices and 
network services in their daily lives with a high level of trust and 
confidence. 

In teiuis of technology, smart embedded devices controlled by 
voice commands, complex software agents, biometric identification, 
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Figure 3.3—Reference Scenario Progression from 2006 
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videophones, and MEMS devices are in common use.* After more 
than 60 years of intensive R&D, voice recognition and natural lan- 
guage processing are finally cheap and reliable enough that humans 
can routinely operate machines by speaking to them (although tra- 
ditional tactile controls usually complement voice when human 
judgment is important, as in driving). Voice recognition is especially 
important in facilitating the rapid growth of portable and embedded 
ICT devices without keypads or touch screen controls. By 2021, lit- 
erally billions of smart portable and embedded devices are in use 
and have displaced general purpose computers for many Net appli- 
cations. 

3.3.1  Ownership and Use of ICT Devices 

A large majority of Americans have both wireless and wired access to 
the Net at home, at work, and at school, and while traveling (Table 
3.2). Wireless ICT devices have become small and cheap enough to 
be embedded into clothing, jewelry, and fashion accessories. Digital 
video entertainment has been technically integrated with other Net 
services and is mostly carried over fiber optic facilities, although 
remnants of legacy cable and copper-wire telephone networks still 
survive. By 2021, 75 percent of households are served by fiber, either 
directly to the home or to the utility access point nearest the home.^ 
In rural areas, two-way broadband services are generally available via 
satellite and terrestrial wireless. Ninety percent of residences have 
broadband internal networks, most with energy management soft- 
ware linked to real-time prices for electricity and gas. However, ac- 
tual consumer use of these systems to regulate energy consumption 
from heating, Ughting, air conditioning, and appliances varies widely. 

*It is also important to note the technologies that this scenario assumes are still in 
R&D or the early stages of commercial introduction in 2021 and thus not yet in 
common use. They include, among others, quantum computing, true nanotechnology 
(as opposed to MEMS), room temperature superconductors, refreshable "digital 
paper," and direct chip-to-brain implants in humans. These assumptions are clearly 
our judgment calls, but we believe they are supported by the fact that these 
breakthroughs require changes in industrial processes and human behavior that 
usually take two decades or more to move from R&D to widespread adoption. For a 
discussion of past examples, see Rogers, 1986. 
^Running fiber to the nearest access point is known as fiber-to-the-curb (FTTC), as 
opposed to fiber-to-the-home (FTTH). 
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Table 3.2 

ICT Ownership and Use, Reference Scenario 

Percentage 

2006      2021 
Adults with cell phone/PDA 
Households with Net access 
Households with broadband Net access 
Households with multichannel TV 
Households with fiber to the curb or home 
Households with digital TV receiver 
Households with broadband home network 
Households with networked EMS 

70 90 
70 92 
30 90 
80 95 
<5 75 
8 95 
20 90 
10 70 

3.3.2 E-Commerce and Other ICT Applications 

B2B transactions primarily occur on the Net, and consumers make 
heavy use of B2C e-commerce, but retail stores still flourish. Software 
agents conduct most online transactions independently, checking 
with their human principals only as needed. Telework has grown 
steadily, both in number of adults and in average time spent tele- 
working. By 2021, 40 million people, constituting 18 percent of the 
adult work force, telework at least part-time. 

Other ICT applications important to the economy and society of 2021 
are as follows: 

• Videoconferencing on the Net is widely used in both business 
and general commimication; 

• Multimedia entertainment in theaters and theme parks is highly 
realistic, approaching early 21st century concepts of "virtual real- 
ity," but it is still too expensive for most people at home; 

• Online distance learning is fully integrated with on-site classes at 
all levels from elementary school to adult learning; 

• MEMS implants remotely monitored on the Net are routine for 
many chronic medical conditions; 
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• Patients routinely perform diagnostic tests at home and call up 
medical information on the Net before seeking treatment, and 
telemedicine complements face-to-face medical visits; 

• All post-2012 vehicles have embedded systems for identification, 
safety, location, toll payments, and other applications; 

• Commercial and industrial facilities make extensive use of em- 
bedded networked sensors for heating, ventilating, and air con- 
ditioning (HVAC), lighting, and process controls; 

• Environmental regulations require networked sensors at all large 
industrial and commercial sites for air and water monitoring and 
effluent control. 

3.3.3  ICT Issues in 2021 

ICT problems and issues persist in the Reference scenario, but U.S. 
society has achieved generally workable solutions for them. Both 
proprietary and open software standards thrive and compete against 
each other, and although some 15 miUion adults are still uncon- 
nected to the Net, the digital divide is no longer considered a major 
societal issue. (Access issues do remain prominent in developing 
countries, however.) 

Security problems still affect the Net and related ICT services but are 
kept under control by a combination of technology and strictly en- 
forced laws and regulations. All networked computers and devices 
must meet current security standards before they can be connected 
to the Net. Net traffic is routinely encrypted, and most public spaces 
(i.e., physical space, as opposed to cyberspace) are monitored by 
video cameras. StQl, both public and private authorities wage con- 
stant battles to keep e-fraud and other cybercrime within acceptable 
limits. Embedded smart tags on vehicles have cut auto theft sub- 
stantially since 2012. Biometric databases have become indispens- 
able tools against cybercrime and are used extensively to monitor 
Net usage. And many states have been able to reduce their prison 
populations by enforcing house arrest with remote ICT monitoring. 

Such security measures have necessarily reduced the "privacy 
sphere" for people outside their residences. Individuals, and society 
in general, have lower privacy expectations in 2021 than they did in 
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2006 (or 2001). Nevertheless, most people accept reduced privacy 
away from home as a satisfactory price to pay for the many benefits 
of ICTs in this increasingly digital society. 

3.4 ZAIBATSU SCENARIO 
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New laws are passed (and upheld by the Supreme Court) that 
encourage both vertical and horizontal integration and provide for 
strong federal regulation (or re-regulation) of infrastructure and es- 
sential services. Industry consolidation quickly follows, and by 2010 
the nation's infrastructures are owned and operated by eight very 
large firms with interlocking interests in multiple economic sectors. 
Within a few more years, each Zaibatsu has a well-established posi- 
tion in information hardware and software, entertainment, educa- 
tion, and health care, as well as in communication services, financial 
services, energy, transportation, and water. The Zaibatsu both co- 
operate and compete among themselves, under federal government 
supervision. 

3.4.1  ICT Applications and Usage 

Large infrastructure and R&D investments by the Zaibatsu over more 
than a decade result in more ICT use (Table 3.3) than occurs in the 
Reference scenario. To spur usage, the Zaibatsu essentially give ev- 
eryone a "free" Net account providing basic voice and tejct commu- 
nications, access to government information and services, and ac- 
cess to advertiser-supported video and other content. Users pay 
monthly or by usage for other services. Subscribers can choose 
equipment, content, and services from anyone connected to the Net, 
but each Zaibatsu offers substantial incentives to use its own affili- 
ated suppliers. 

Table 3.3 

ICT Ownership and Use, Zaibatsu Scenario 

Percentage 

Adults with cell phone/PDA 
Households with Net access 
Households with broadband Net access 
Households with multichannel TV 
Households with fiber to the curb or home 
Households with digital TV receiver 
Households with broadband home network 
Households with networked EMS 

2006 2021 

70 85 
70 98 
30 96 
80 95 
<5 85 
8 98 
20 95 
10 80 
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While ICT technological development does not diflfer much from that 
in the Reference scenario, some applications and usage change be- 
cause of investment, pricing, and service decisions by the Zaibatsu. 
For example, many more homes have direct fiber connections, but 
wireless devices and services are priced higher and thus used less 
than in the Reference scenario. More people live in smart homes 
with appliances, household inventories, and energy services man- 
aged automatically by a Zaibatsu subsidiary. Huge investments in in- 
telligent transportation systems contribute to urban growth and the 
renewal of central city cores, but the resulting ease of commuting re- 
duces the grovrth of telework from home. "Smart tagging" extends 
well beyond vehicles to include essentially all tangible goods above a 
nominal value. And nearly every public and (with permission or 
authorization) private space can be monitored on the Net. 

3.4.2 ICT Issues in 2021 

Although some Americans continue to object to the economic power 
and social controls the Zaibatsu and government exert, most accept 
them because of the security and stability they have brought to soci- 
ety. Proprietary hardware and software standards, along with well- 
enforced intellectual property rights to content, have partitioned the 
Net into eight well-functionmg "walled gardens" with low-level paths 
of interoperability among them. But with self-healing software, gov- 
ernment-licensed encryption and other centralized controls, and 
harsh penalties for infractions, the Net has never been more secure. 
Earlier concerns about a digital divide have vanished, since anyone 
who wants free access to the Net has it. Even privacy is less of a polit- 
ical issue than it was five years eariier: almost everyone recognizes 
that little privacy or anonymity exists in this Net-centered worid and 
goes about his or her life accordingly. In 2021, as has been true for 
the preceding several years, the nation feels relatively secure and 
blessed witii a robust economy buoyed by high acceptance and use 
oflCTs. 

3.5  CYBERTOPIA SCENARIO 

Cybertopia is a scenario in which the use and trust of networked ICTs 
is equally as high as that of the Zaibatsu scenario but where control 
of technology is much more distributed, falling predominately to in- 
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Figure 3.5—Cybertopia Scenario Progression from 2006 

dividuals and to large and small organizations. Economic markets 
and consumer preferences largely determine the use of ICT products 
and services, with light government regulation and modest subsidies 
for low-income and other targeted groups. 

The path toward Cybertopia assumes that after numerous hiccups in 
the first years of the new century, deregulation of communications, 
electricity, and other formerly regulated markets proceeds swiftly 
and successfully. Learning from early mistakes such as the Tele- 
communications Act of 1996, the Digital Millennium Copyright Act of 
1998, the California electricity crisis of 2000-2001, and the draconian 
Antiterrorist Infrastructure Security Act of 2004, legislators, regu- 
lators, industry stakeholders, and consumers work together to create 
effective competitive markets for information, communications, and 
energy. Widespread adoption of open-source software and open, 
interoperable standards leads to renewed innovation and prolifer- 
ation of affordable ICT devices and Net applications. ICT infra- 
structure investment is spurred by entrepreneurs and new part- 
nerships among business, government, and nonprofit entities, in 
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addition to established stakeholders. By 2021, the ICT infrastructure 
and Net services are owned and operated by a mix of large and small 
enterprises, many of them located close to the communities they 
principally serve. This structure supports and encourages more geo- 
graphic dispersal of households and jobs to smaller towns and rural 
areas than is seen in the other scenarios. 

3.5.1 ICT AppUcations and Usage 

Robust competition keeps prices low and encourages ICT ovmer- 
ship and usage throughout the United States (Table 3.4). Compared 
with the Reference and Zaibatsu scenarios, Cybertopia emphasizes 
wireless over wired infrastructure, and greater use of consumer e- 
commerce, telework, distance learning, telemedicine, and embedded 
network sensors for environmental and process control. Nearly all 
residences have home networks, and 90 percent of households use 
energy management software or services linked to real-time prices. 

3.5.2 ICT Issues in 2021 

Although this scenario includes more networked devices and sensors 
than do the others, information technologies have been quite suc- 
cessful in helping individuals and organizations maintain levels of 
security and privacy they find acceptable. Net infrastructure and 

Table 3.4 

ICT Ownership and Use, Cybertopia Scenario 

Percentage 

2006     2021 
Adults with cell phone/PDA 
Households with Net access 
Households with broadband Net access 
Households with multichannel TV 
Households with fiber to the curb or home 
Households with digital TV receiver 
Households with broadband home network 
Households with networked EMS 

70 95 
70 95 
30 93 
80 95 
<5 65 
8 98 
20 95 
10 90 
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service providers must guarantee basic privacy and security features, 
but users can choose (and pay for) upgraded firewalls and individ- 
ualized software agents that give added levels of protection. In 
addition, the Personal Information Freedom and Responsibility Act 
of 2015 (PIFRA) has granted individuals legal OAmership of their 
personal information, which they can choose to keep private, to 
trade in real-time markets, or to assign to software agents that know 
their requirements and preferences. Thus, for example, some people 
may give free use of their consumption data to trusted agents in 
order to receive advance notice of bargains and offers, others may 
demand payment for information about themselves, and still others 
may refuse to provide information at all. Complaints about privacy 
abuse have receded since the passage of PIFRA, in good part because 
of well-publicized cases in which individuals have been awarded 
substantial damages from commercial firms or government agencies 
that have misused their personal information. 

Cybertopia has other ICT issues, however. Even with low prices, 
subsidies are sometimes needed to keep low-income households, the 
elderly, and those with disabilities connected to the Net. The Trans- 
parency Act of 2011, which mandated that (nearly) all government 
information be openly accessible on the Net, often brings conflicts 
with PIFRA and remains highly controversial 10 years after passage. 
Although software agents and filters are widely available, nearly 
everyone complains about information overload. And many voice 
concerns about continuing losses of programming, sales, and service 
intermediary jobs as autonomous agents take on more and more re- 
sponsibility for commercial and consumer transactions. Still, most 
people like Cybertopia, even if it seems quite overwhelming at times. 

3.6  NET INSECURITY SCENARIO 

Compared to the other scenarios. Net Insecurity is much less opti- 
mistic: persistent, unresolved security problems reduce public trust 
in and usage of networked ICT applications and services. The path in 
this scenario begins with the vulnerabilities recognized in 2006, 
which soon worsen despite the best efforts of technologists, industry, 
and government to contain them. Neither technical security fixes nor 
harsh legal penalties are able to stop widespread penetration of the 
Net and the equipment connected to it by hackers, criminals, and 
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Figure 3.6—Net Insecurity Scenario Progression from 2006 

other "information terrorists," many of whom are believed to operate 
from outside the United States. As a consequence, use of the public 
Net peaks around 2014 and then declines due to a series of unfortu- 
nate events: 

• Identity theft and e-commerce losses rise to epidemic levels. 

• Hackers repeatedly deface information sites and replace Netcam 
images with pornographic pictures. 

• Over the winter of 2014-2015, several thousand patients whose 
heartbeats are being remotely monitored receive false signals 
that disable or destabilize their implanted pacemakers and de- 
fibrillators. Many are seriously injured, some die. 

• Unknown malefactors penetrate "smart home" networks, re- 
motely turning on ovens, ranges, and coffee pots while cutting 
off water supplies. Thousands of houses and apartments in hun- 
dreds of communities throughout the country bum down, caus- 
ing much property damage, many injuries, and scores of deaths. 



Information and Communications Technology Scenarios    29 

By 2016, most U.S. cities and states ban the connection of home 
networks to the public Net. 

Such disasters spur the growth of private, highly secured, compart- 
mentalized, and expensive networks that do not interconnect. Large 
businesses, government agencies, and others that can afford these 
private networks rely on them for information, commimications, and 
transactions; everyone else must fend for him/herself on what has 
become a very insecure public Net. 

3.6.1  ICT Applications and Usage 

Consumers invest heavily in wireless communications, one-way 
media, and stand-alone ICT devices (Table 3.5). Cocooning at home 
with large-screen, high-definition video on disk or delivered by one- 
way satellite or cable/fiber network is very popular. Despite the pub- 
he Net's insecurity, about 50 percent of households still connect 
using an isolated, voice-activated terminal principally to exchange 
video, voice, and text messages. Telework is rather Umited; B2C e- 
commerce and home medical monitoring are virtually nonexistent. 
Information available on the public Net is not considered reliable, 
but many people enjoy the gossipy, often salacious material they can 
readily find. Home networks link devices within residences but re- 
main islands unconnected to the public Net. 

Table 3.5 

ICT Ownership and Use, Net Insecurity Scenario 

Percentage 

Adults with cell phone/PDA 
Households with Net access 
Households with broadband Net access 
Households with cable or satellite TV 
Households with fiber to the curb or home 
Households with digital TV receiver 
Households with broadband home network 
Households with networked EMS 

2006 2021 

70 90 
70 50 
30 45 
80 98 
<5 50 
8 99 
20 80 
10 70 
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Those who work for large or medium-sized organizations routinely 
use secure private networks at their offices. These networks have 
limited interoperabUity and several layers of authentication, which 
keep the volume of B2B e-commerce transactions well below those 
in the other scenarios. Distance learning is usually available at work, 
however. 

3.6.2 ICT Issues in 2021 

As of about 2014, a digital divide has existed between those who can 
use the relatively secure private networks, which are generally oper- 
ated by large organizations, and everyone else. Secure private net- 
works offer more opportunities for distance learning, telework, and 
e-commerce, as well as access to more-reliable information. The 
association of these advantages with large organizations has led to 
some recentralization of power and control, along with new calls for 
government action to bridge the gap between the information rich 
and information poor. 

Even more troubling is the realization that 20 years of ICT invest- 
ments have brought few real gains to most Americans. Unremitting 
battles with information terrorists have not only compromised the 
ICT infrastructure, but also damaged the electricity grid and many 
other important sectors of the U.S. economy. But there is little 
prospect of going back to a simpler life, one without information 
appliances and networks. The United States in 2021 seems truly like 
the Red Queen's world in Through the Looking Glass: everyone must 
keep running—i.e., spending enormous effort and wealth on ICT 
security—just to stay in the same place. 

3.7 COMPARING THE SCENARIOS 

While the evolutionary paths of the four scenarios differ consider- 
ably, their 2021 end points share a number of common features: 

• ICT usage is well above the 2006 level, even in the dystopic Net 
Insecurity scenario; 

• The vast majority of B2B transactions are done electronically; 
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• Voice, text, picture, and video traffic are well integrated on the 
ICT Nets that have replaced the separate telephone, cable, 
broadcast, and satellite networks of 2001; 

• Most people hold conversations or send messages over wireless 
links, although the bits are likely to flow over fiber optic or other 
wired circuits for much of the distance; 

• Specialized, mostly wireless devices have replaced PCs for most 
Net applications; 

• Like electric motors in the 20th century, ICT technologies have 
become largely invisible as they have been embedded into de- 
vices and systems for ordinary use. 

However, there are also significant differences among the four sce- 
narios in 2021, as indicated in Table 3.6. These differences show up 
particularly in number of teleworkers, consumer use of e-commerce, 
and use of networked applications such as medical monitoring. The 
similarities and differences together reflect three themes in ICT de- 
velopment that have recurred over past decades and that we project 
into the 21st century: technology adoption takes place over decades, 
contradictory trends proceed simultaneously, and unplanned, most- 
ly unintended consequences dominate the long-term effects of tech- 
nology. 

3.7.1  Technology Adoption Takes Place over Decades 

Technology diffusion trends observable in 2001 are likely to still be in 
progress 20 years later. This is particularly true of technologies that 
require substantial infrastructure development, such as digital tele- 
vision and broadband Internet access. Even a relatively simple ICT 
device such as the telephone answering machine took more than 15 
years to be adopted by 50 percent of U.S. telephone households after 
it was introduced in the early 1970s . Individuals and institutions 
change much more slowly than do ICTs, so rates of adoption and 
diffusion will determine how much impact a new development has 
by 2021. 
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Table 3.6 

Comparisons of Scenarios 

2021 Scenario 

Net 
Reference Zaibatsu Cybertopia Insecurity 

Adults with ceU phone/PDA (%) 90 85 95 90 
Households on Net (%) 92 98 95 50 
Households with digital TV (%) 95 98 98 99 
Households with fiber to the 75 85 65 50 

curb or home (%) 
Large firms using e-commerce 98 99 98 90 

(%) 
Consumers using e-commerce 85 95 95 25 

(%) 
Medical monitoring on Net Yes More More Uttle 
Teleworkers (million) 40 30 60 20 
Devices connected to Net 4-6 5-10 >15 1 

(billion) 
Open or proprietary software Both Prop. Open Prop. 

standards 

3.7.2 Contradictory Trends Proceed Simultaneously 

When a new ICT application presents itself, debates almost always 
arise as to whether it will substitute for or complement an older way 
of doing things. Usually it does both. For example, using the tele- 
phone or Internet sometimes substitutes for a face-to-face meeting, 
but it also sometimes encourages a meeting that might not otherwise 
occur. We believe that increased use of videoconferencing will have a 
similar, dual effect in the next two decades: it will substitute for some 
business and family travel and it will build personal relationships 
that inevitably lead to additional business and vacation trips. 

3.7.3 Unplanned, Mostly Unintended Consequences 
Dominate the Long-Term Effects of Technology 

As historians of technology have extensively documented, the tele- 
graph, telephone, automobile, and television have changed settie- 
ment and work patterns, land usage, individual time budgets, and 
other aspects of lifestyle in ways that were neither planned nor antic- 
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ipated. The same will almost certainly be true for the Internet and 
other ICTs in the future. In particular, ICT growth will have both un- 
planned and unexpected consequences for U.S. electricity require- 
ments, which is the topic of the next chapter. 



Chapter Two 

APPROACH AND METHODOLOGY 

2.1  WHY CREATE SCENARIOS? 

To assess how information and communications technologies (ICTs) 
will affect electric power over the next 20 years, one must estimate 
what ICT developments will occur and what their effects are likely 
to be. While this clearly is not an easy task, there are various ap- 
proaches, or methodologies, that can be employed as aids: technol- 
ogy forecasts, roadmaps, assessments, and scenarios. 

The first three of these approaches usually focus on a technological 
end point, range, or path. A technology/orecasf is, as the term sug- 
gests, a prediction about the characteristics of a particular technol- 
ogy at a particular future time (Martino, 1978, pp. 1-2). The forecast 
may be a point estimate or an estimated range incorporating the 
level of uncertainty associated with the prediction. A technology 
roadmap depicts the key scientific and technical advances needed to 
reach a desired end state, or " destination. "^ A technological assess- 
ment is principally concerned with "evaluating the social conse- 
quences of [a] technological change" (Pool, 1983, p. 2). Like technol- 
ogy forecasts, roadmaps and assessments generally treat uncertainty 
as an excursion around a preferred path or destination. 

In contrast, a scenario includes uncertainty as an essential feature of 
the exploration. It develops both the technical and nontechnical 
characteristics of "an alternative future plus a description of the path 

^Technology roadmaps relevant to this study include EPRI, 1999a; and Info- 
Communications Development Authority of Singapore, 2000. 

Preceding Page Blank 
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• Changes in electricity use that are brought about by ICT- 
facilitated energy management systems (EMSs) in buildings; 

• Changes in electricity and other energy usage that stem from 
business and societal changes associated with increased use of 
ICTs and the transition toward a digital society. 

Electricity consumption by ICT equipment is the most direct and 
visible but not necessarily the most important of these three influ- 
ences. Over time, the other two—energy management and broader 
socioeconomic trends—wiU likely have much more consequential 
effects on electricity and otiier energy use (Allenby and Unger, 2001). 
However, the fact that these two imply behavioral as well as techno- 
logical changes makes them much more difficult to estimate. This is 
a principal reason for our developing several scenarios rather than a 
single projection. As one illustration, consider the enthusiasm for an 
ICT-driven "new economy" in the late 1990s that led some to forecast 
significant decreases in commercial floor space resulting from 
widespread adoption of e-commerce and telework, with large ac- 
companying reductions in requirements for electricity and other 
forms of energy. Our Cybertopia scenario generally reflects this per- 
spective, whereas the other three scenarios forecast smaller changes 
in shopping and commuting behaviors. Other factors, such as 
changing energy prices, demographics, and consumer preferences, 
will also strongly influence electricity use in a more digital society. 

4.2  ELECTRICITY USE IN THE RESIDENTIAL SECTOR, 
2001-2021 

The AEO 2002 projects that U.S. residential electricity consumption 
will increase from 1,230 billion kWh, or 1,230 terawatt-hours (TWh), 
in 2001 to 1,670 TWh in 2020—an average annual growth rate of 1.7 
percent. More important for this analysis, the household electricity 
intensity—measured as the annual kilowatt-hours consumed per 
household (kWh/hh)—is projected to grow from 11,600 kWh/hh in 
2001 to 13,200 kWh/hh in 2020 (Figure 4.1). This represents an aver- 
age armual growth rate of 0.7 percent, which is well below the 4 per- 
cent average growth over the past 50 years as refrigerator/freezers, 
washers, dryers, televisions, and other electrical appliances became 
ubiquitous in American households. 
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Figure 4.1—Trends in Residential Electricity Use, 1950-2020 

2020 

4.2.1  Residential Electricity Use by ICT Equipment 

Electricity in the home is used mostly for space heating and cooling, 
water heating, lighting, and refrigeration. Recent studies at Lawrence 
Berkeley National Laboratory (LBNL) (Kawamoto et al., 2001; Rosen, 
Meier, and Zandelin, 2001; and Rosen and Meier, 1999 and 2000) es- 
timate that ICT equipment accounted for only about 7 percent of 
total residential electricity use in 1999 (Figure 4.2), and that televi- 
sion and video equipment represented well over half of household 
ICT electricity use in 1999 (Figure 4.3). 

Starting from the LBNL baseline data for 1999, we projected house- 
hold ICT equipment inventories and electricity consumption for 
2001 to 2021 for each of our scenarios.^ Bottom-up estimates were 
developed for the four groups of ICT devices shown in Figure 4.3: 

^Our projections through 2005 are generally consistent with those developed by Jon 
Peddle Associates for ICT devices in the home with "networking potential" (see 
Arrington, 2001). 



38    Electricity Requirements for a Digital Society 

Total household electricity 
use, 1999: 1,150TWh 

RAND MRW17-4.S 

Other 
36% 

Refrigerators/ 
freezers 

14% 

Space heating/cooling 
24% 

ICT devices 
7% 

Lighting 
9% 

Water heating 
10% 

SOURCES: EIA, 2001; Kawamoto et a!., 2001; Rosen, Meier, and Zandelln, 
2001; Rosen and Meier, 1999 and 2000. 

Figure 4.2—Electricity Use in the Residential Sector, 1999 

1. Computer and office equipment: desktop, laptop, and notebook 
computers; personal digital assistants (PDAs); and printers, 
copiers, scanners, storage devices, and other computer peripher- 
als or home office machinery. 

2. Television and video equipment: both analog and digital television 
receivers; set-top boxes for receiving signals from terrestrial 
broadcast, satellite, cable, fiber optic, or other networks; VCRs, 
DVD players, video digital recorders, and other video devices; and 
game consoles. 

3. Audio equipment: component, compact, and portable stereo 
systems; music recording and playing devices, such as current CD 
and MP3 players; and clock radios. 
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SOURCES: Kawamoto et al., 2001; Rosen, Meier, and Zandelln, 2001; 
Rosen and Meier, 1999 and 2000. 

Figure 4.3—Electricity Use by Residential ICT Equipment, 1999 

4. Communications and home network equipment: wired, cordless, 
and wireless phones; answering machines; fax machines (if not 
integrated with other home office equipment); home security sys- 
tems; home networks connecting computer, office, and enter- 
tainment devices; and other home networks connecting appli- 
ances, lighting, and HVAC equipment. 

We expect ICT devices that are separate in 2001 to undergo a good 
deal of technical convergence and integration. For example, our sce- 
narios assume that one-third of cell phones will have true PDA fea- 
tures by 2006, and that essentially all handheld (or smaller) wireless 
devices will have integrated voice and data capabilities by 2015. 
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Similarly, today's analog audio and video equipment—stereo compo- 
nents and systems, television receivers, video recorders, and most 
set-top boxes—will become digital and largely integrated as house- 
holds adopt digital television and replace their analog components. 

At the same tune, special-purpose ICT devices will proliferate in the 
home. Our Reference scenario posits that smart appliances will have 
more marketing pizzazz than actual use in the next five years, but 
that appliances purchased in 2006 or later will have embedded 
processors ready to be programmed and controlled over home net- 
works and/or the Internet. Smart, networked devices for enter- 
tainment, communications, and information will substitute for 
general-purpose computers in many applications. Most households 
will still have at least one "old-fashioned" general-purpose computer 
in 2021, but they will also have dozens of specialized ICT devices for 
specific tasks and functions. 

Future electricity use by ICT equipment in the home depends on a 
complex net balance between different, conflicting trends that favor 
higher (+) or lower (-) consumption. These trends include 

+ Twenty-year growth in the U.S. population and in U.S. house- 
holds of 18 and 21 percent, respectively; 

+ Greater numbers of ICT devices at home in each of the four 
groups listed above; 

- Faster growth of wireless than of wired devices;^ 

+ Larger, more-powerful devices that consume more electricity in 
both active and standby mode, such as digital instead of analog 
television receivers; 

- More energy efficient chips and devices in all categories that cut 
active and standby power requirements; 

+ Longer on-times for ICT equipment—e.g., computer and office 
equipment used by home workers and teleworkers, and comput- 

^See, for example, Standage, 2001. 
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ers and other networked devices used for shopping, communi- 
cating, and playing games;* 

-    Use of ICT sensors and controls to manage electricity consump- 
tion more efficiently. 

We took each of these trends into account in our projections of resi- 
dential electricity use by ICT equipment. The projections are pre- 
sented in Table 4.1 and discussed below (see Appendix B for further 
details). 

4.2.1.1 Home computer and office equipment. Trends increasing 
electricity use include the continuation of Moore's Law: packing 
more components and functions into chips and devices,^ near- 
ubiquitous penetration of more-powerful home computers with 

Table 4.1 

Residential Electricity Use by ICT Equipment, 2001-2021 

Electricity Use (TWh) 

2021 Scenario 

Net 
2001 2006 Reference Zaibatsu Cybertopia Insecurity 

Computer and home 14 19 25 29 30 22 
office equipment 

TV and video equipment 47 55 88 89 88 117 
Audio equipment 20 22 28 28 28 30 
Communications and 8 14 52 56 58 43 

network equipment 

Total ICT equipment 89 110 193 202 205 213 

^Whether increased use of some devices will lead to decreased use of others remains 
an unanswered question. The UCLA Center for Communication Policy (2001) reports 
from its survey that Internet users in 2001 watched 4.5 fewer hours of television per 
week than did non-users. However, other studies, from the United States and Europe, 
did not find such differences. See, for example, Aebischer and Huser, 2000. 

^Simple extrapolation of energy consumption in today's (2001) computer chips to that 
of much more powerful chips in five or ten years would lead to chip meltdovm (see 
Corcoran, 2001). We assume in these scenarios that new chip designs, new materials, 
and better cooling methods will allow continued exploitation of Moore's Law for the 
next two decades. 
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larger displays, always-on broadband connections to the Net, broad- 
band home networks, more home offices, and (except in the Net In- 
security scenario) teleworking. These are balanced to a great extent 
by the more-energy-efficient design of chips and equipment with 
built-in power management, universal adoption of flat-panel dis- 
plays using less than half the power per square inch of CRT displays 
(Norford et al., 1990; and Groot and Siderius, 2000),^ and a general 
trend away from high-power desktop computers and toward wireless 
laptop and handheld devices. 

Without these mitigating trends, electricity use by home computer 
and office equipment in 2021 would be more than 50 percent higher 
than the figures shown in Table 4.1. With them, electricity use by 
home computer and office equipment in the Reference scenario 
grows from 14 TWh in 2001 to 25 TWh in 2021—an average annual 
growth rate of 3.1 percent. Our estimates are somewhat below the 
AEO 2002 EIA (2001) estimates, which project that electricity use by 
residential computers will increase from 15 TWh in 2001 to 34 TWh 
in 2021, for an average annual increase of 4.2 percent. Compared 
with those projections, ours assume more rapid growth in the num- 
ber of home computers over the 20 years, but less average power 
consumption per unit as wireless devices capture a larger share of 
the home market. 

Even in the high-ICT-use scenarios of Cybertopia and Zaibatsu, 
power consumption in 2021 by home computer and office equip- 
ment amounts to less than 15 percent of the total power needed for 
residential ICT equipment, and less than 2 percent of total residential 
electricity consumption. On the basis of kilowatt-hours demanded, 
the greatly expanded role that both we and EIA project for computers 
and other information appliances in the home will not heavily bur- 
den U.S. electricity supplies. However, the need for higher power 
quality and reliability (PQR) for these digital devices does represent 
an important issue, one that we consider in Chapter Five. 

4.2.1.2 Television, video, and audio equipment. Electricity con- 
sumption by television and video equipment grows more rapidly 

^Displays based on organic light-emitting devices (OLEDs) that are in development at 
IBM and elsewhere would consume less energy per square inch than do current flat- 
panel liquid crystal displays (LCDs). 
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after 2006 in all four of our scenarios as digital television equipment 
becomes cheaper and its household penetration increases. The 
2001-2021 average annual growth rate in the Reference scenario is 
3.2 percent, which is very close to that in the AEO 2002 projections. 
The benefits from conversion to flat-panel displays and from general 
energy efficiency improvements are outweighed by consumers' de- 
sire for more-integrated video equipment with larger screens in more 
rooms. Electricity consumption in 2021 is 34 percent greater in the 
Net Insecurity than in the Reference scenario, because consumers 
choose even more-elaborate digital video systems rather than invest- 
ing in equipment connected to an insecure Net. We project similar 
but less important differences among the scenarios for electricity use 
by home audio equipment. 

4.2.1.3 Home communications and network equipment. At 
present, electricity consumption by communications and network 
equipment in the home (primarily telephones, answering machines, 
fax machines, and security systems) accounts for less than 9 percent 
of the total power consumed by all ICT equipment. We project that 
the 9 percent will grow to more than 25 percent by 2021 in the 
Reference, Zaibatsu, and Cybertopia scenarios, when nearly all 
residences will have always-on broadband networks using a 
combination of wired and wireless links. Home networks generally 
will first be used to interconnect computer, home office, and 
entertainment equipment; but by 2021, most will also control the 
home environment (heating, ventilation, air conditioning, and 
lighting) and many appliances. The result will be large increases in 
electricity consumed to power not only 120 million home networks, 
but also the 20 to 25 billion wired or wireless sensors, actuators, 
controllers, and human interfaces that these applications will 
demand. 

4.2.2 Electricity Savings from ICT-Facilitated Energy 
Management in Residences 

While adding to electricity consumption, a home network can also 
contribute to electricity savings as part of a home energy manage- 
ment system (EMS) that includes such features as programmable 
control of heating, coohng and lighting systems, remote control via 
the Internet, and responsiveness to weatiier conditions, household 
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routines and electricity prices (Lewis, 2000). Following a recent paper 
by Rabaey et al. (2001), we outline here the three phases in home 
network EMS development that we used to estimate reductions in 
residential electricity consumption in the scenarios. 

In phase 1, which largely entails passive monitoring, the EMS gathers 
data from various sensors about local conditions (temperature, 
lighting, equipment usage), displays the data, and implements con- 
trol decisions made by the end user. These decisions may be made 
manually on a case-by-case basis (e.g., turn on the air conditioning 
in the master bedroom) or automatically using simple devices such 
as timers or thermostats. The growing availability of cheap (wired or 
wireless) sensors linked together on the home network allows such 
monitoring and control at the level of individual rooms or appli- 
ances. 

The phase 2 EMS goes beyond passive monitoring, providing current 
data about energy consumption and prices and computing current 
and/or projected costs to the household. This encourages users to 
make cost-saving decisions when prices are high. This phase requires 
installation of digital electricity meters in the home that are linked to 
the home EMS, implementation of time-of-use (TOU) or real-time 
pricing (RTP),^ and provision of the means to make price data rou- 
tinely available to the home EMS (e.g., over the Internet). 

The phase 3 EMS actively manages energy use, gathering local and 
external data and applying the household's programmed rules and 
preferences (e.g., keep bedroom temperatures between 65 and 72 
degrees when occupied, but turn down the air conditioning if the 
electricity price goes above 15 cents/kWh). Phase 3 embodies the 
"smart home" concept that has been demonstrated and widely pub- 
licized but not yet widely deployed. The technical path seems clear, 
however: home EMSs will use distributed sensors, actuators, and 
other microprocessor-based devices to manage the home environ- 
ment and appliances under the supervision of a central control unit. 

Time-of-use pricing refers to electricity pricing that varies predictably by time of day 
(e.g., a high peak-load rate between Sam and 6pm on weekdays, and a lower off-peak 
rate at oflier times). Real-time prices are set more frequently (usually hourly) to reflect 
the underlying wholesale price of power, and can rise steeply when demand peaks or 
supply is curtailed. See Reed, 2001. 
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Over time, home EMSs will evolve to become considerably more 
capable, complex, and autonomous. 

Estimates of the energy savings from phase 1, 2, and 3 home EMSs 
vary greatly and are supported by few empirical data from the resi- 
dential sector. A few pilot projects with residential TOU electricity 
pricing have been conducted (e.g., Aubin et al., 1995), and a larger 
program involving some 300,000 customers is now under way in the 
state of Washington (Brock, 2001). RTP, which economists expect to 
match electricity supply and demand more efficiently than TOU 
does, has primarily been implemented in voluntary programs for 
large industrial and commercial customers. Data from such pro- 
grams at Georgia Power, Duke Power, and GPU Energy show peak 
load reductions of 10 to 50 percent, with consistently larger re- 
sponses at higher prices (EPRI, 2001). At the residential level, the Edi- 
son Electric Institute estimated in the mid-1990s that RTP could 
reduce overall electricity consumption by as much as 5 percent 
(National Institute of Standards and Technology, 1994). This upper 
bound is consistent with one RTP "natural experiment" among resi- 
dential customers in San Diego, California, who reduced electricity 
consumption by an average of 5.2 percent during August 1999 when 
their rates more than doubled (EPRI, 2001). 

However, except for situations in which electricity prices become 
very high such as was the case in San Diego, there is scant evidence 
that residential customers will actually use RTP when it is available. 
Consumers are generally risk averse and favor simple, predictable 
prices for utility-like services; e.g., they favor flat-rate over measured- 
use telephone service, and fixed monthly charges over pay-per-view 
for premium movie channels on satellite or cable TV. As one energy 
consultant reports: "[w]hen we listen to customers discuss what they 
need and what is important to them, we find RTP is seldom a good 
fit. In fact, most customers are willing to pay a premium over RTP for 
more simplicity and certainty in their pricing" (EnerVision, 1998). 
This suggests that there is an intermediary role for distribution utili- 
ties or other energy service companies that buy power at variable 
rates and repackage it to sell to consumers at (presumably higher) 
fixed rates, in addition to selling other home energy management 
services. In Zaibatsu, the vertically integrated utilities provide such 
services, whereas in Cybertopia, many large and small firms compete 
to offer them to residential customers. 
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Most Studies of phase 3 EMS focus on commercial buildings, where 
the prospective economic returns are more clear-cut than they are 
for residences. At the high end, Raebey et al. (2001, p. 3) estimate that 
smart commercial buUdings could reduce "lighting power consump- 
tion by 40%" and "energy dissipation for space conditioning ... by 
44%." Romm (1999, p. 18) cites estimates of potential 25 percent 
savings in energy consumption from installing digital EMSs in 24 
commercial buildings in Texas. However, EPRI's Consortium for 
Electric Infrastructure to Support a Digital Society (2001a, p. 20) 
projects only "up to 2.5%" savings from EMSs in commercial build- 
ings. Kris Pister, leader of a University of California at Berkeley re- 
search project on tiny wireless sensors for energy monitoring and 
management, estimates that using this "smart dust" on the Berkeley 
campus could cut "power use by at least 5 percent" (Ainsworth 
2001). 

For our scenarios, we estimate reductions in electricity consumption 
for space conditioning and Ughting of 3, 9, and 15 percent for house- 
holds that adopt phase 1,2, and 3 EMSs, respectively. We assume the 
distribution of phase 1,2, and 3 EMS households is as shown in Table 
4.2, which leads to the power savings also shown there. Only in 
Cybertopia do the electricity savings from EMSs exceed the power 
consumed by home networks. This finding reflects our view that 
households install home networks primarily to connect computer 
and office equipment and entertainment devices, with energy man- 
agement usually following as an ancillary objective. But besides 
lowering overall electricity use, home EMSs linked to real-time prices 
reduce peak electricity demand and cut consumption of gas and 
other residential fuels. These savings have more important implica- 
tions for energy and economic efficiency than do the changes in total 
kilowatt-hours consumed. 

4.2.3 Changes in Residential Electricity Use from Telework 

Cheaper, faster, and better ICTs enable more people to work from 
home on at least a part-time basis.8 Based on the Telework America 
Survey 2000, which was conducted in the summer of 2000, the Inter- 

^For an introduction to the substantial body of literature that has arisen on 
teleworking over the past two decades, see NiUes, 1998. 
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Table 4.2 

Electricity Savings from Home Energy Management, 2001-2021 

2021 Scenario 

Net 

2001 2006 Reference Zaibatsu Cybertopia Insecurity 

Households with EMS 

(%) 
Phase 1 (3% savings) 
Phase 2 (9% savings) 
Phase 3 (15% savings) 
Total 

2 
0 
0 
2 

7 
2 
1 

10 

20 
20 
30 
70 

20 
25 
35 
80 

10 
20 
60 
90 

40 
20 
10 
70 

Electricity savings (TWh) -0.3 
Home network power       7.9 

-2.5 
14 

-39 
52 

-45 
56 

-62 
58 

-25 
43 

use (TWh) 

national Telework Association and Council estimates that some 16.5 
million regularly employed U.S. adults, about 9 percent of the adult 
work force, used ICT to work outside their offices at least one day per 
month (Nilles, 2000). More than 90 percent teleworked from home, 
using a combination of telephone, fax, computer, and the Internet. 
Fewer than 20 percent were full-time teleworkers. 

The first-order effect of telework is greater electricity consumption at 
home. Both the Telework America Survey 2000 and a recent study of 
telework in Switzerland by Aebischer and Huser (2000) found that 
teleworking households have an average of one computer more than 
non-telework households. Not surprisingly, they also found that 
teleworkers use computers as well as home printers, scanners, and 
other ICT devices much more intensively than do non-teleworkers. 
Based on these studies and our projections for teleworking through 
2021, we arrived at estimates, shown in Table 4.3, of the incremental 
home electricity use for teleworking for each of the four scenarios.^ 
Space conditioning and lighting, both directly in the home office and 
indirectly in the rest of the house, consume more power than does 

^Power consumption estimates in all categories are incremental to those projected 
without teleworking. Power for space conditioning also assumes that the size of the 
average house increases by 6 percent between 2001 and 2021, an estimate taken from 
EIA, 2001. 
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Table 4.3 

Annual Incremental Home Electricity Use for Telework, 2001-2021 

2021 Scenario 

Net 
2001 2006 Reference Zaibatsu Cybertopia Insecurity 

Teleworkers (million) 17 25 40 30 60 20 
%ofadult work force 9 13 18 13 28 9 
avg. telework days/week 2.0 2.1 2.5 2.0 3.0 2.0 

Electricity use (TWh) 
Home office 

ICT equipment 3.0 4.4 7.2 4.3 13 2.9 
Lighting 2.0 2.9 4.4 2.6 7.9 1.8 
Space conditioning 6.8 11 20 12 36 8 

Home office-subtotal 12 18 32 19 57 13 
Rest of house 8 12 21 13 38 8 
Total 20 30 53 32 95 21 

the teleworker's ICT equipment. Sixty percent of the total incremen- 
tal electricity is used in the home office, with the remaining 40 per- 
cent used for space conditioning, hot water, lighting, and appliances 
in the rest of the house (Aebischer and Huser, 2000, p. 40). 

In 2001, our average teleworker's home office used an additional 870 
kWh, compared with the 750 kWh estimated by Romm (1999). Total 
Incremental consumption in the teleworker's home is 1,450 kWh, 
compared with an estimate of 1,650 kWh cited by Aebischer and 
Huser (2000). 

WhUe teleworking increases electricity use at home, it also permits 
employers to cut back on floor space and ICT equipment at their of- 
fices. These effects are discussed in Sections 4.3 and 4.4, which cover 
commercial and industrial electricity consumption. The net impact 
on electricity consumption depends on the division of time between 
work at the office and work at home. A once-a-week teleworker 
usually has a home office and exclusive use of an office that he/she 
commutes to, and the electricity consumption for the two offices in 
this case will generally exceed that for a one-office, full-time com- 
muter. A four-day-a-week teleworker, however, most often shares an 
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office away from home with other workers, producing lower net elec- 
tricity consumption. If" And teleworkers use less fiiel commuting to 
and from work, although they make more local trips on days they 
telecommutefromhome.il 

4.2.4  Summing Up: ICT-Driven Residential Electricity Use, 
2001-2021 

The combined effects on residential power consumption for ICT 
equipment, EMSs, and telework, which constitute our "ICT-driven 
subtotal," are shown in Table 4.4 and Figure 4.4. To use 2001 as a 
baseline for comparing our projections with those in the AEO 2002, 
we assume that our results for audio equipment and home commu- 
nications/network equipment are included in the AEO 2002 esti- 
mates for "other uses," and that our results for EMSs and telework in 
2001 are included in the ABO 2002 estimates for space heating, space 
cooling, and lighting. This makes our 2001 total match that in the 
AEO 2002, although the components differ: our ICT-driven subtotal 
is larger than the one in the AEO 2002, and our non-ICT subtotal is 
smaller. For consistency with the AEO 2002 projections beyond 2001, 
our non-ICT subtotal in future years increases at the same rate as the 
non-ICT subtotal in the AEO 2002. 

The effect of increased business-to-consumer (B2C) e-commerce on 
residential electricity use is largely captured in the ICT equipment 
category. We expect other e-commerce effects on residential power 
consumption to be quite limited, although B2C e-commerce will af- 
fect vehicle miles traveled (VMT) and thus fuel consumption by con- 
sumer and delivery vehicles. We have made sepeirate projections for 
e-commerce effects on commercial and industrial electricity use (see 
Sections 4.3 and 4.4). 

l^Aebischer and Huser (2000, p. 41) discuss a 2000 study of telework in a Swiss bank 
that was conducted by Schmeider et al. That study assumes that four teleworkers save 
three office work desks and estimates that the net change in annual electricity use is 
+115 kWh for a one-day-a-week teleworker and -282 kWh for a four-day-a-week 
teleworker. 
l^Mokhtarian (1998) estimates that a day spent teleworking from home reduces the 
worker's vehicle miles traveled on that day by at most 60 percent. 
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Table 4.4 

ICT Effects on Residential Electricity Use, 2001-2021 

Electricity Use (TWh) 

2021 Scenario 

Net 
2001 2006 Reference Zaibatsu Cybertopia 

205 

Insecurity 

ICT equipment 89 110 193 202 213 
EMSs 0 -3 -39 -45 -62 -25 
Telework 20 30 53 32 95 21 
Subtotal ICT-driven 108 137 207 188 237 208 
Subtotal non-ICT* 1,120 1,240 1,520 1,520 1,520 1,520 
Total residential* 1,230 1,380 1,720 1,700 1,750 1,720 

ElA total residential* 1,230 1,370 1,700 1,700 1,700 1,700 
Difference from EIA 0 8 23 4 53 24 
Difference from EIA 0 0.6 1.3 0.2 3.1 1.4 

asa% 

Tlounded to three significant figures 

For the Reference scenario, the ICT-driven subtotal in Table 4.4 
nearly doubles between 2001 and 2021, representing an average an- 
nual growth rate of 3.3 percent. The percentage of residential elec- 
tricity consumption that is ICT-driven rises from 9 percent in 2001 to 
11 percent in 2021, due principally to increased power consumption 
from digital video equipment, home networks, and telework-related 
office equipment. The total residential consumption projected for 
the Reference scenario for 2021 is 23 TWh, or 1.3 percent, above that 
projected in the AEO 2002}'^ 

With more telework than the other scenarios have, Cybertopia shows 
the highest residential power consumption: 237 TWh, representing 
13.5 percent of the total for the residential sector. The totals for 
Zaibatsu and Net Insecurity fall between those for the Reference and 
Cybertopia scenarios. However, even Cybertopia's total is only 53 
TWh, or 3.1 percent, higher than that projected in the AEO 2002. And 
as discussed in the next two sections, the increases are more than 

12. We used iheAEO 2002 average annual growth rate of 1.7 percent to extend the AEO 
2002 projected total for residential electricity consumption from 1,672 TWh in 2020 to 
1,700 TWh in 2021. 
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Figure 4.4—ICT-Driven Residential Electricity Use, 2001-2021 

offset by decreases in electricity consumption in the commercial 
and industrial sectors from ICT-driven energy management, e- 
commerce, and telework. 

4.3  ELECTRICITY USE IN THE COMMERCIAL SECTOR, 
2001-2021 

The commercial sector comprises all activities other than those 
classified as residential, industrial, or transportation. It includes edu- 
cation, health care, lodging, telecommunications, professional ser- 
vices, wholesale and retail trade, government services, religious 
groups, and other private, nonprofit, and public organizations. 
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The vast majority of energy use in the commercial sector occurs in 
buildings, both to maintain the building environment and to provide 
building-based services. The AEO 2002 projects that electricity in- 
tensity in the commercial sector—defined as kilowatt-hours con- 
sumed annually per square foot of commercial floor space—will in- 
crease fi-om 17.7 kWh/ft2 in 2001 to 20.1 kWh/ft2 in 2020, an average 
annual increase of 0.6 percent (Figure 4.5). 

ICT can influence commercial electricity use in two principal ways: 
by changing the electricity intensity in commercial buildings and by 
changing the amount of floor space required for commercial activi- 
ties. The power demands of ICT equipment and the electricity sav- 
ings from EMSs in commercial buildings affect electricity intensity; 
such ICT-driven changes as e-commerce and telework primarily af- 
fect floor space requirements. 

RAND Mf<1617-4.5 

1980 1990 

SOURCE: EIA.2001. 

2000 2010 2020 

Figure 4.5—Electricity Intensity Trends in Commercial Buildings, 
1980-2020 
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4.3.1  Commercial Electricity Use by ICT Equipment 

Baseline 1999-2000 estimates of electricity consumption by ICT 
equipment in the commercial sector can be found in the AEO 2002 
(EIA, 2001), LBNL studies by Kawamoto at al. (2001) and Koomey et 
al. (1999), and a study by Roth, Goldstein, and Kleinman (2000) pub- 
lished by Arthur D. Little, Inc. (ADL). These estimates differ substan- 
tially (see Table 4.5) because of different yeeirs of estimation, i^ dif- 
ferent sector definitions,!'* ^^d several other factors.^^ 

To develop a baseline estimate for our scenario projections, we 
started with the ADL figures for 2000 (shown in Table 4.5), since they 
represent the most recent and most disaggregated, bottom-up esti- 

Table4.5 

Estimates of Electricity Use by Commercial ICT Equipment, 
1999-2000 

Estimated Electricity 
Use (TWh) 

EIA LBNL ADL 

47 29 48 
94 24 37 

nla." 15 13 

141 68 97 

Office computer equipment* 
Other office equipment 
Network equipment'' 
Total ICT equipment 

^Includes portable and desktop computers, terminals, monitors, 
and printers. 
•"Includes both computer network and telecommunications 
network equipment. 
•^Not applicable. 
SOURCES: EIA, 2001; Kawamoto et al., 2001; Koomey et al., 1999; 
Roth, Goldstein, and Kleinman, 2002. 

l^The EIA and ADL figures are for 2000. The LBNL estimates are for 1999, except in the 
case of the Koomey et al. estimate of electricity used by telephone central offices, 
which is for 1997. 
!^The EIA and LBNL estimates are for the commercial sector, whereas the ADL 
estimate is for both the commercial and the industrial sector. 

l^These include different assumptions about standby and active use, different 
definitions of "other" office equipment, and different methods of estimation (Alan 
Meier, LBNL, personal communication, 2001). 
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mates. We adjusted these data to cover the commercial sector only, 
using the ratios of commercial/industrial electricity use by ICT 
equipment developed in the LBNL study by Kawamoto et al. (2001). 
We then extrapolated the results to 2001 using the 2000-2001 growth 
rates in the AEO 2002 for electricity consumption by commercial sec- 
tor ICT equipment. 

These calculations yield a baseline estimate for our 2001 Reference 
scenario of 92 TWh for electricity consumption by ICT equipment in 
ttie commercial sector, which constitutes less than 8 percent of the 
1,170 TWh estimated in the AEO 2002 for total sector consumption in 
2001 (Figure 4.6). The estimates in the AEO 2002 show ICT equip- 
ment accounting for 152 TWh, or 13 percent, of commercial sector 
consumption in 2001; but we believe this figure is much too high in 
light of the recent LBNL and ADL data. 

Total commercial electricity 
use, 2001: 1,170 TWh 

RAND Mmen-4.s 

aher 
32% 

Space conditioning 
20% 

ICT equipment \CO[^V    SSSSSSSSS^ Lighting 
8%       ^^w   NSSSOSI^^     31% 

Refrigeration 
5%      Water heating 

4% 

SOURCES: RAND calculation for ICT equipment; EIA, 2001, for other 
estimates. 

Figure 4.6—Electricity Use in the Commercial Sector, 2001 
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The electricity use projections through 2021 in our scenarios fall well 
below those in the AEO 2002 (Table 4.6). While much of the differ- 
ence results from our lower baseline in 2001, we also project lower 
growth in power consumption by office ICT equipment over time 
than does EIA, principally because we assume that greater efficiency 
improvements and more telework will result in lower numbers of of- 
fice computers and related ICT equipment. 

We project growing electricity consumption in Internet data centers 
and by computer and telecommunications network equipment, 
which the EIA projections do not capture. The rapid growth of "Web 
server farms," "Internet hotels," and other data centers during the 
Internet boom of the late 1990s was thought likely to stress electricity 
distribution systems in places such as Silicon Valley, New York City, 
and Austin, Texas. These facilities have very high power densities, 
run continuously, and require more reUable power than do other 
electricity users.^^ As shown in Table 4.6, electricity consumption by 

Table 4.6 

Projected Electricity Use by ICT Equipment in Commercial Sector, 
2001-2021 

Electricity Use (TWh) 

2021 Scenario 

Net 

2001 2006 Reference Zaibatsu Cybertopia Insecurity 

Office computer 45 50 65 70 50 90 

equipment 
Other office equipment 29 35 45 50 40 70 

Data centers 4 10 26 30 20 18 
Network equipment 14 20 42 46 38 41 

Total ICT equipment 92 115 178 196 148 219 

EIA total ICT equipment 152 204 346 346 346 346 

Difference from EIA -39 ^4 -49 -43 -57 -37 

asa% 

^^Data center power requirements are detailed in Mitchell-Jackson et al., 2001; and 
Mitchell-Jackson, 2001. The latter quotes estimates of data center square footage 
growth from 1998 to 2000 by Yankee Group (2000) (available at www.yankeegroup. 
com). Also see Park, 2000; and Templin, 2001. 



56    Electricity Requirements for a Digital Society 

data centers in 2001 is estimated at about 4 TWh, or about one-third 
of 1 percent of total sector use. 

Simply extrapolating the 1998-2000 growth of data centers forward 
in time, however, would have them using more power than all the 
rest of the commercial sector well before 2010. This will not happen, 
of course. Data center expansion has slowed considerably since the 
dot.com bubble burst in 2000. The largest Web server farm company 
declared bankruptcy in 2001, and many Internet hotels remain va- 
cant. 

From a technical perspective, low-power computer chips will im- 
prove the energy efficiency of ICT equipment in data centers (IBM, 
2001), but higher-performance equipment will require greater power 
density. The net effect in our projections for data centers is a modest 
increase in power density and restrained growth in square footage. 
Overall, we project that power used by data centers, along with 
commercial use of the Net in general, will continue to grow over the 
next 20 years. We estimate that by 2021, data centers will account for 
between 1 percent of commercial sector electricity consumption 
(Net Insecurity scenario) and 1.7 percent (Zaibatsu scenario). 

Network equipment consists of the routers, switches, and hubs used 
in local area networks (LANs) and wide area networks (WANs), as 
well as the switches and other ICT equipment found in telephone 
central offices, PBXs, fiber optic transmission facilities, cellular base 
stations, and cable headends.i^ We anticipate considerable techno- 
logical convergence among tfiese categories over the next 20 years, as 
well as movement of network equipment from dedicated telephone 
and cable facilities into the more general-purpose data centers dis- 
cussed above. 

Countervailing power consumption trends again include greater en- 
ergy efficiency at the component and device levels, offset by higher 
capacity, performance, and reliability requirements that demand 
more power. For example, each new generation of fiber optic termi- 
nals is much more energy efficient than the last on a watt-per-bit 

'''Roth, Goldstein, and Heinman (2002, pp. 66-96) provide detailed estimates of 
electricity consumption in 2000 by these components of computer networks and 
telecommunications networks. 
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basis, but a fiber optic transmission facility still draws more power 
than the wire or cable facility it replaces. This becomes important in 
our scenarios as digital, always-on fiber-to-the-curb or fiber-to-the- 
home begins to penetrate the residential market after 2006. 

As shown in Table 4.6, the differences between our projections and 
those in the AEO 2002 for electricity consumption by commercial 
sector ICT equipment increase over time as a result of the various 
factors discussed above. Starting from a 2001 baseline estimate that 
is 60 TWh (39 percent) below that of the AEO 2002, the difference by 
2021 is -168 TWh (-49 percent) for the Reference scenario and from 
-127 TWh (-37 percent) to -198 TWh (-57 percent) for the other three 
scenarios. 

4.3.2 Electricity Savings from ICT-Facilitated Energy 
Management in Commercial Buildings 

Building EMSs will become more generally adopted over the next 20 
years and will use much more sophisticated ICT. Our projections for 
electricity savings in commercial buildings use the three EMS phases 
previously described for the residential sector: 

• Phase 1: largely passive monitoring; 

• Phase 2: real-time pricing; 

• Phase 3: active, "intelligent" monitoring and management. 

The electricity savings from each phase are assumed to be higher in 
the commercial than in the residential sector for several reasons. 
First, EMS savings come principally from space conditioning and 
lighting, which account for more than one-half of electricity con- 
sumption in the commercial sector, versus one-third in the residen- 
tial sector. Commercial buildings generally use more power per 
squEire foot than do residences. Second, commercial building owners 
and/or tenants have clear bottom-line interests in managing their 
electricity use when the savings justify the EMS investment. Stated 
differently, commercial firms generally are more willing than house- 
holds to pay up-front costs that will generate positive returns over 
the longer run. The commercial sector also offers better prospects for 
energy service companies or other intermediaries who may assume 
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some of the initial EMS costs in return for downstream payments. 
Finally, using better sensors, faster microprocessors, and Internet- 
based monitoring reduces EMS costs while increasing performance, 
thus making EMS cost effective for niche commercial building appli- 
cations.'^ 

For commercial buildings with phase 1, 2, and 3 EMS, we estimate 6, 
16, and 24 percent reductions, respectively, in electricity consump- 
tion for space conditioning and lighting. If we then assume the dis- 
tribution of EMS phase 1, 2, and 3 buildings shown in Table 4.7, 
electricity savings for the Reference scenario increase from 2.6 TWh 
in 2001 to 76.4 TWh in 2021. Cybertopia, with abundant Net services 
and efficient markets for electricity management, has 36 percent 
greater electricity savings than does the Reference scenario. Even Net 
Insecurity exhibits a respectable 64 TWh in savings, although its 
commercial buildings must use more-costly private networks for 
EMS. 

Table 4.7 

Electricity Savings from Commercial Building Energy Management, 
2001-2021 

2001 2006 

2021 Scenario 

Reference 
Net 

Zaibatsu   Cybertopia Insecurity 

Buildings with EMS (%) 
Phase 1 (6% savings) 
Phase 2 (16% savings) 
Phase 3 (24% savings) 

Total EMS buildings (%) 
Electricity savings (TWh) 

10 
0 
0 

10 
-3.6 

20 
15 
5 

40 
-31 

20 
25 
30 
75 

-91 

20              15               20 
25              25               20 
35               50                25 
80               90                65 

-100           -120              -77 

^^For example, a hotel can set up its EMS so that the front-desk clerk turns on the 
space conditioning unit in an individual room wrhen a guest checks in, and sensors 
subsequendy readjust the temperature whenever the room is vacant for more than 15 
minutes. A residential analogue might be the use of a cell phone to turn on air 
conditioning in one room five minutes before arriving home, but we do not expect this 
to be an important home application. 
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4.3.3  Changes in Commercial Electricity Use from 
E-Commerce 

E-commerce has the potential to lower commercial sector electricity 
consumption, primarily by reducing the amount of commercial floor 
space required for Internet sales vis-a-vis in-store sales. According to 
the most recent Commercial Buildings Energy Consumption Survey 
(CBECS) (1995), retail establishments represent 15.5 percent of 
commercial floor space and 13.7 percent of commercial electricity 
consumption. Online seUers of books, music, computer hardware 
and software, and other items do not need large, well-lit, fully 
stocked retail stores to draw customers. Instead, their operations re- 
quire data centers, upstream warehouses, and fulfillment and deliv- 
ery services. 

Comparing the floor space needs of these two very different ways of 
doing business is tricky, particularly since e-commerce operations 
are still evolving rapidly. ^^ Although some early estimates claim floor 
space reductions of 80 to 90 percent for B2C online sales,^'' these 
seem overstated when total enterprise space needs, rather than the 
marginal space required to sell an additional unit, are considered.^i 
Consequently, our scenarios estimate that an average of 50 percent 
less commercial floor space is needed for B2C e-commerce sales, 
which in the Reference scenario are projected to grow from 2 percent 
of retail sales in 200l22to 20 percent in 2021 (Table 4.8). The resulting 
reduction in electricity consumption is 15.6 TWh, or close to 1 
percent of the total projected for the commercial sector in 2021. The 

^^As an illustration, Amazon.com, the leading online bookstore, has invested heavily 
in its own warehouses. Other B2C sellers rely more on drop-shipping from distributors 
or manufacturers. 
^''por example, based on a 1998 case study ofAmazon.com by the Kellogg Graduate 
School of Management at Northwestern University, Romm, Rosenfeld, and Herrmann 
(1999, p. 26) state that "a plausible estimate for the ratio of commercial building energy 
consumption per book sold for traditional stores versus online stores is 16 to 1" 
(emphasis in original). 
^^The trend toward enterprises selling both online and through traditional stores also 
acts to moderate the floor space differences between channels, especially if and as e- 
commerce grows to become a substantial fraction of total sales. 

^^The 2 percent estimate is based on surveys conducted through November 2001 (see 
Forrester Research, 2002). Forrester's and several other projections of e-commerce 
revenues through 2005 are available at eMarketer, http://www. emarketer.com. 
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Table 4.8 

Changes in Conunercial Electricity Use from E-Commerce, 2001-2021 

2021 Scenario 

Net 
2001 2006 Reference Zaibatsu Cybertopla Insecurity 

Business-to-consumer 
(B2C) 

Sales online (%) 2 7 20 25 35 7 
Retail floor space saved 50 50 50 50 50 50 

with online sales (%) 
Change in electricity -1.5 -5.5 -15.6 -19.5 -27.3 -5.5 

consumption (TWh) 
Business-to-business 

(B2B) 
Sales online (%) 5 20 70 75 80 60 
Warehouse space saved 10 10 10 10 10 10 

with online sales (%) 
Change in electricity -0.4 -1.5 -5.4 -5.8 -6.2 -4.6 

consumption (TWh) 
Change in electricity -1.9 -7.0 -21 -25 -34 -10 

consumption: B2C+B2B 
(TWh) 

projected reductions are 25 percent higher in Zaibatsu (19.5 TWh) 
and 50 percent higher in Cybertopia (27.3 TWh), but 65 percent lower 
in Net Insecurity (5.5 TWh), where consumers have lost confidence in 
B2C e-commerce. 

B2B e-commerce can reduce inventories throughout the commercial 
and industrial sectors by streamlining distribution, shortening sales 
cycles, and improving marketing models. Lower inventories affect 
the industrial sector the most (see Subsection 4.4.3), but they also re- 
sult in the need for less warehouse space in the commercial sector. 
Warehouses represent 14.4 percent of commercial floor space and 
6.8 percent of commercial electricity consumption (Commercial 
BuUdings Energy Consumption Survey, 1995). Our scenarios assume 
that B2B e-commerce sales reduce warehouse floor space require- 
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ments by 10 percent.^3 The resulting reduction in commercial sector 
power consumption in 2021 is between 4.6 TWh (Net Insecurity) and 
6.2 TWh (Cybertopia). Here, the narrow range of impacts results from 
the relatively high penetration of B2B e-commerce by 2021 in all sce- 
narios—even in Net Insecurity, where businesses still find economic 
benefits in using high-cost private networks to make B2B transac- 
tions. 

4.3.4 Changes in Commercial Sector Electricity Use from 
Telework 

As discussed in Subsection 4.2.3, telework increases residential 
electricity consumption and, because it reduces the need for office 
floor space, lowers commercial and industrial electricity consump- 
tion. Teleworkers still require office space, however, since most tele- 
work is part-time. We assumed a 20 percent reduction in office floor 
space and associated electricity consumption for each day per week 
spent teleworking—i.e., a 20 percent reduction for a one-day-per- 
week teleworker and an 80 percent reduction for a four-day-per- 
week teleworker. This estimate falls between other estimates of re- 
duced office space for teleworkers.24 We also used tiie CBECS (1995) 
figure of 387 ft2 for average office size. Based on CBECS and EIA data 
(ElA., 2001, Table 5) on past and projected office electricity con- 
sumption, we project that annual electricity use per square foot of 
office space will increase from 19.6 kWh in 2001 to 22.3 kWh in 2020. 
Finally, applying the projections of numbers of teleworkers from our 
scenarios and assuming that 75 percent of teleworkers are in the 
commercial sector, ^5 we arrive at the changes in commercial sector 
electricity consumption shown in Table 4.9. 

^^Romm (1999, p. 33) estimates that B2B e-commerce will yield a net reduction in 
warehouse floor space of 1 billion square feet, or about 12 percent, by 2007. 

^■*JALA International, Inc. (1998), a consulting firm specializing in telework, estimates 
that a 1.5-day-per-week teleworker saves 150 ft^, or 38 percent of the 387 ft^ average 
office. Aebischer and Huser (2000, p. 41) estimate 75 percent office space savings for a 
four-day-per-week teleworker. 
^^Workers can telework more easily in some job categories (e.g., computer program- 
mers) than in others (e.g., food service employees). Our review of Bureau of Labor 
Statistics data and projections on job categories (Bureau of Labor Statistics, 1999) led 
us to conclude that roughly 30 percent of workers in both the commercial and the 
industrial sector have high or moderately high potential for teleworking. The 75 
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Table 4.9 

Changes in Commercial Electricity Use from Telework, 2001-2021 

2021 Scenario 

Net 
2001 2006 Reference Zaibatsu   Cybertopia 

22.5               45 

Insecurity 
Teleworkers in sector 12.8 18.8 30 15 

(million) 
Change in electricity use -3.0 -3.3 -4.3 -3.5            -5.2 -3.5 

per teleworker (MWh) 
Electricity savings (TWh) -39 -62 -130 -78           -230 -52 

The reduction in commercial floor space associated with telework is 
significantly greater than that associated with e-commerce in all sce- 
narios. Telework's effect is particularly striking in Cybertopia, where 
high ICT usage among a dispersed population leads to more tele- 
workers who spend more days away from the office. For this sce- 
nario, telework brings savings of nearly 200 TWh in electricity use in 
2021 compared with 2001, or more than 12 percent of Cybertopia's 
total 2021 commercial power consumption. In contrast, Zaibatsu's 
investments in intelligent transportation systems make commuting 
easier and result in less telework than in the Reference scenario. As a 
consequence, Zaibatsu's reduction in electricity use fi-om telework in 
2021, compared to that in 2001, is 39 TWh, or only about 2 percent of 
total consumption in the commercial sector. 

4.3.5 Summing Up: ICT-Driven Commercial Electricity Use, 
2001-2021 

The combined effects on commercial power consumption of ICT 
equipment, EMSs, e-commerce, and telework are shown in Table 
4.10 and Figure 4.7. To use 2001 as a baseline for comparing our 
projections with those in the AEO 2002, we assumed that our results 
for computer and telephone network equipment were included in 
the AEO 2002 estimates for "other uses" and that our results for 

percent/25 percent division of teleworking betw^een the commercial and industrial 
sectors reflects the ratio of v?orkers in each sector; see U.S. Census Bureau, 2001b. 
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Table 4.10 

ICT Effects on Commercial Electricity Use, 2001-2021 

Electricity Use (TWh) 

2021 Scenario 

Net 

2001 2006 Reference Zsiibatsu Cybertopia Insecurity 

ICt equipment 92 115 178 196 148 219 

Building EMS -4 -31 -91 -100 -124 -77 

E-commerce -2 -7 -21 -25 -34 -10 

Telework -39 -62 -130 -78 -233 -52 

ICT-driven subtotal 47 15 -64 -7 -243 81 

Non-ICT subtotal^ 1,120 1,250 1,650 1,650 1,650 1,650 

Total commercial* 1,170 1,270 1,580 1,640 1,400 1,730 

EIA total commercial* 1,170 1,340 1,840 1,840 1,840 1,840 

Difference from EIA 0 -72 -257 -201 -347 -113 

Difference from EIA 0 -5 -14 -11 -24 -6 

asa% 

^Rounded to three significant figures. 

EMSs, e-commerce, and telework were included in the AEO 2002 es- 
timates for space heating, space cooling, ventilation, and Ughting. 
This makes our 2001 total match that of the AEO 2002, although the 
components differ in size: our ICT-driven component is much 
smaller than the one in the ABO 2002, and our non-ICT component is 
larger. For consistency with the AEO 2002 projections beyond 2001, 
our non-ICT subtotal in future years increases at the same rate as the 
non-ICT subtotal in the AEO 2002. 

The ICT-driven subtotal in Table 4.10 shows that in our projections 
for the Reference scenario, greater electricity consumption by ICT 
equipment in 2006 and 2021 is offset by usage decreases resulting 
from EMSs, e-commerce, and telework. The net effect is that our 
projected 2021 total electricity use by the commercial sector is 14 
percent below that of the AEO 2002?^ Cybertopia's increased energy 
management and telework cause its total to be 24 percent less than 

26We used the ABO 2002 average annual growth rate of 2.3 percent to extend the AEO 
2002 projected total for commercial electricity consumption from 1,800 TWh in 2020 
to 1,840 TWh in 2021. 
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RAND MRW)7-4.7 

IICT equipment 

I E-commerce 
F    I Telework 

I      I Building EMS 

2001 2006       Reference    Zaibatsu    Cybertopia       Net 
2021 2021 2021        Insecurity 

2021 

^ NOTE: Electricity savings (e.g., from EMSs) are sfiown as negative TWh/yr. The 
'nef lines show the sum of the negative and positive components for each year and 
scenario. 

Figure 4.7—ICT-Driven Commercial Electricity Use, 2001-2021 

the AEO 2002% Net Insecurity's reduced telework brings its total 
closer to the EIA projection. As Figure 4.7 shows, electricity reduc- 
tions from e-commerce are much less significant than those from 
energy management and telework in all four scenarios. 

4.4  ELECTRICriY USE IN THE INDUSTRIAL SECTOR, 
2001-2021 

The industrial sector includes more than three million establish- 
ments engaged in manufacturing, construction, agriculture, forestry, 
fishing, and mining. The AEO 2002 projects that industrial electricity 
consumption will increase at an average annual growth rate of 1.4 
percent, from 1,023 TWh in 2001 to 1,416 TWh in 2020. The AEO 2002 
also projects that improved efficiencies throughout the sector will 
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lower industrial electricity intensity (measured as kilowatt-hours 
consumed per dollar of output) about one-third from 2001 to 2020, 
taking it from 0.21 to 0.14 kWh/$ of output (EIA, 2001, Table 6).27 

ICT's most significant applications in the industrial sector are to in- 
crease both production levels and productivity, primarily through 
better process controls. Throughout the 20th century, ICT use 
accompanied industrial electrification, which resulted in more elec- 
tricity consumption along with vast improvements in output and 
productivity. But now that virtually all U.S. industrial production is 
electrically driven, the 21st century will see ICT applied to make pro- 
duction equipment and processes "smarter," which generally will 
translate into electricity savings (Commission on Engineering and 
Technical Systems, 1986, p. 116). As Huber and Mills (2001, p. 5) re- 
cently wrote: 

The old gear and pulley drives are rapidly being replaced with sili- 
con driven power devices that allow manufacturers to cut more 
sharply, paint more finely and run a more reliable, more productive 
assembly line. Here again, energy efficiency will undoubtedly im- 
prove, so the transformation can be called conservation. But the 
change is a conversion, and it is impelled, first and foremost, by a 
quest for better performance. 

According to the 1998 Manufacturing Energy Consumption Survey 
(MECS) (EIA, 1998a), manufacturing represented more than 85 per- 
cent of purchased electricity in the industrial sector in 1998, and ma- 
chine drives accounted for more than half of the power consumed in 
manufacturing.28 Space conditioning and lighting used only 16 per- 
cent of the total electricity in manufacturing, compared with 33 per- 
cent and 50 percent, respectively, in the residential and commercial 
sectors. Thus, in addition to affecting building EMSs, e-commerce, 
and telework, ICT, when apphed to machine drives and related pro- 
cess controls, can have a large impact on electricity consumption in 
manufacturing.29 Other ICT appUcations, those using GPS location 

^''Output is measured in 1992 dollars. 
2^In addition to purchasing electricity, manufacturers generated 13 percent of the 
electricity they used. 
^^Some speculate that in the future (the time frame is generally unspecified), 
manufacturing instructions will be sent over ICT networks to production machines in 
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devices and networked sensors, are important to the mining, agricul- 
ture, forestry, and fishing components of the industrial sector.^o 
Finally, increased use of ICT equipment throughout the economy 
generally implies the need for more electricity to manufacture the 
equipment.3i 

4.4.1  Industrial Electricity Use by ICT Equipment 

Neither the AEO 2002 nor the 1998 MECS breaks out industrial elec- 
tricity use by computers and other ICT equipment, but Kawamoto et 
al. (2001) and Roth, Goldstein, and Kleinman (2002) include indus- 
trial office equipment in their power consumption estimates for 1999 
and 2000, respectively. To develop a 2001 baseline estimate for the 
industrial sector, we started with the disaggregated data from Roth, 
Goldstein, and Kleinman and adjusted them to the industrial sector 
only, using the ratios of industrial/commercial electricity use by of- 
fice equipment developed by Kawamoto et al. We then extrapolated 
to 2001 assuming a 4 percent growth rate. This process, which is 
similar to what we used for the commercial sector (see above), yields 
a 2001 baseline estimate of 13 TWh for electricity use by industrial 
office ICT equipment. 

ICT sensors, processors, actuators, and transceivers are also embed- 
ded in grovnng numbers of industrial robots, machine drives, and 
other equipment used in industrial production and processes. Such 
industrial equipment is not classified as "ICT equipment," and we 
found no data on the electricity consumption of the ICT components 

the home. "Someday, 'personal fabricators' will be used to make things like toy jeeps 
or wine glasses in the comfort of your own home" (Clancy and Rejeski, 2001). 
However, it is by no means clear that substituting home manufacturing for factory 
production would result in overall savings of electricity or other forms of energy. 
^°More-indirect effects of ICT on U.S. industrial sector electricity use include ICT- 
driven changes in the demand for industrial outputs (e.g., paper, compact disks, or 
other physical recording media) and ICT-facilitated outsourcing of industrial 
production offshore. For further discussion of possible substitutions of ICT network 
services for physical goods, see Romm, 1999, pp. 38-52. 
^^Although few data exist on this topic. Roth, Goldstein, and Kleinman (2002, p. 131) 
cite a Carnegie Mellon University estimate that 43 TWh were used to manufacture 
computers and office equipment in 1997. Estimating the changes in electricity needed 
for higher levels of ICT equipment manufacturing requires estimates of and/or 
assumptions about exports and imports, productivity improvements, and changes in 
the product mix of such equipment, which are beyond the scope of this study. 
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in this equipment. However, these ICT components use very little 
power, which means that even with an upper bound estimate of 50 
million smart industrial machines continuously consuming an added 
10 W per machine in 2001, their total incremental electricity use 
would be less than 5 TWh, or less than 0.5 percent of the industrial 
sector total. We assume 4 TWh for our 2001 baseline estimate, which 
is probably high. 

For the Reference scenario, we project that electricity use by office 
ICT equipment will increase by about 2 percent per year, a rate simi- 
lar to that for commercial sector office equipment. Consumption by 
the ICT components of production equipment will grow at a faster 
rate through 2010, but will then flatten as smart machines become 
the norm throughout the sector. Total power consumption by ICT 
equipment will remain less than 3 percent of the 2021 industrial sec- 
tor total in all four scenarios. 

4.4.2 Changes in Electricity Consumption from ICT 
Process Control 

In contrast to our projection of a small increase in electricity con- 
sumption by the ICT equipment itself, we project large electricity 
savings from the improved control of industrial processes that ICT 
makes possible. Applications include better control of process heat, 
refrigeration, compressed air and steam systems, and (especially) 
motors and machine drives that represent more than 50 percent of 
industrial power consumption. Digital controls on machine drives 
continuously adjust motor speeds to follow loads more closely and 
thereby improve production quality. Adjustable speed motors also 
increase operating efficiency and reduce standby and operating 
power consumption; but it is improved quality and overall pro- 
ductivity, rather than energy savings, that drive their installation. 

Our projections assume that adjustable speed motors improve ma- 
chine drive efficiency by an average of 10 percent in 2001 and 20 per- 
cent in 2021 (Consortium for Electric Infrastructure to Support a 
Digital Society, 2001b, p. 15); and that in the Reference scenario, their 
penetration increases from 10 percent of industrial machine drives in 
2001 (EIA, 1998b) to 40 percent in 2021. Because of the greater effi- 
ciency of adjustable speed motors, the percentage of industrial 
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power consumed by machine drives decreases from 51 percent in 
2001 to 49 percent in 2021. Total electricity savings in 2021 are 56 
TWh in both the Reference and the Net Insecurity scenarios. Pene- 
tration of adjustable speed drives in 2021 is greater in Zaibatsu (45 
percent) and Cybertopia (50 percent) than in the Reference case, 
leading to greater electricity savings—63 and 70 TWh, respectively— 
in these higher-ICT-use scenarios. 

4.4.3 Electricity Savings from ICT-Facilitated Energy 
Management in Industrial Buildings 

According to the 1998 MECS (EIA, 1998b), 11 percent of manufactur- 
ing establishments had installed energy efficiency equipment that 
affected space conditioning and lighting. Using this figure as a base, 
we followed the process we used for commercial buildings (see Sub- 
section 4.3.2) to project electricity savings firom EMSs in industrial 
buildings (Table 4.11). The savings in 2021 range from 22 TWh 
(Reference and Net Insecurity) to 25 TWh (Zaibatsu) to 29 TWh 
(Cybertopia). All are considerably below the comparable estimates 
for commercial buildings, because the industrial sector uses far less 
electricity for space conditioning and lighting than does the com- 
mercial sector. 

Table 4.11 

EletUlcity Savings from Industrial Building Energy Management, 
2001-2021 

2021 Scenario 

2001   2006   Reference 
Net 

Zaibatsu Cybertopia Insecurity 

Buildings with EMS (%) 
Phase 1 (6% savings) 
Phase 2 (16% savings) 
Phase 3 (24% savings) 

Total EMS buildings (%) 
Electricity savings (TWh) 

10 15         20 
1       10         20 
0        5         25 

11 30          65 
-1.2    -6.7        -22 

20              15               15 
20               25                20 
30               40                25 
70               80                60 

-25             -29              -22 
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4.4.4 Changes in Industrial Electricity Use from 
E-Commerce 

E-commerce's largest effects on electricity consumption are floor 
space reductions for retail stores and warehouses and power in- 
creases for data centers, both of which are counted in the commer- 
cial sector (see Subsection 4.3.3). However, B2B e-commerce and 
ITC-facilitated supply chain management can also reduce the 
amount of finished inventory needed per dollar of sales, which in 
turn can reduce the industrial sector electricity required to produce 
that inventory. 32 

In 1998, Ernst & Young estimated that e-commerce has the potential 
to reduce U.S. inventory levels by $250 to $350 billion, or 25 to 35 
percent (Margeherio et al, 1998, p. 16).^3 Although this estimate 
seems overoptimistic to us, we used the 35 percent figure for Cyber- 
topia, along with estimates of 20, 25, and 15 percent, respectively, in 
the Reference, Zaibatsu, and Net Insecurity scenarios. Our scenarios 
also use the AEO 2002 (EIA, 2001) projections that, from 2001 to 2021, 
industrial sales will increase 75 percent in constant dollars, and elec- 
tricity intensity (terawatt-hours per billion dollars of output) will fall 
50 percent. The results (Table 4.12) show electricity savings from re- 

Table 4.12 

Changes in Industrial Electricity Use from E-Commerce, 2001-2021 

2001   2006 

2021 Scenario 

Reference Zaibatsu  Cybertopia 
Net 

Insecurity 

Online sales (%) 
Inventory saved with 

online sales (%) 
Change in electricity 

consumption (TWh) 

5       20 
10       15 

-1.1    -6.9 

70 
20 

-34 

75             80 
25              35 

-19            -59 

60 
20 

-29 

^^industrial inventories in 2001 were valued at about $1 trilUon. See Bureau of 
Economic Analysis, 2001. 

^^This estimate has subsequently been widely quoted; for example, see Romm, 1999, 
p. 51; and OECD, 1999, p. 63. 
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duced inventory levels in 2021 ranging from 2 percent (29 TWh) of 
total sector consumption (Net Insecurity) to 4 percent (59 TWh 
(Cybertopia). 

4.4.5 Changes in Industrial Electricity Use from Telework 

Our analysis of the changes in electricity consumption that will result 
from telework in the industrial sector follows the analysis we used for 
the commercial sector (see Subsection 4.3.4). As in the earlier analy- 
sis, we estimate that 25 percent of teleworkers in each scenario are in 
the industrial sector, thus arriving at the results shown in Table 4.13. 

4.4.6 Summing Up: ICT-Driven Industrial Electricity Use, 
2001-2021 

Table 4.14 and Figure 4.8 show the combined effects on industrial 
power consumption of ICT equipment, digital process controls, 
building EMSs, e-commerce, and telework. As with the residential 
and commercial sectors, for 2001 we matched our total to that in the 
AEO 2002 to provide a baseline for comparison of projections in sub- 
sequent years. We also matched our non-ICT subtotal's rate of in- 
crease to that in the AEO 2002. 

Because power consumption by ICT equipment itself is small in 
the industrial sector, greater ICT use lowers total electricity con- 
sumption in all four scenarios. Digital process controls, building 
EMSs, e-commerce, and telework all yield significant electricity 
savings. Total sector consumption in the 2021 Reference case is 112 

Table 4.13 

Changes in Industrial Electricity Use from Telework, 2001-2021 

2001 2006 

2021 Scenario 

Reference Zaibatsu Cybertopia 

15 

-5.2 

-78 

Net 
Insecurity 

Teleworkers in sector 
(million) 

Change in electricity use 
per teleworker (MWh) 

Electricity savings (TWh) 

4.3 

-3.0 

-13 

6.3 

-3.3 

-21 

10 

-4.3 

-43 

7.5 

-3.5 

-26 

10 

-3.5 

-17 
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Table 4.14 

ICT Effects on Industrial Electricity Use, 2001-2021 

Electricity Use (TWh) 

2021 Scenario 

Net 
2001 2006 Reference Zaibatsu Cybertopia Insecurity 

ICT equipment 17 21 35 38 38 35 

Digital process controls -8 -19 -56 -63 -70 -56 

E-commerce inventory -1 -7 -34 ^9 -59 -29 

Telework -13 -21 -13 -26 -78 -17 

Subtotal, ICT-driven -6 -33 -121 -125 -198 -90 

Subtotal, non-ICl* 1,030 1,140 1,450 1,450 1,450 1,450 

Total industrial 1,020 1,110 1,320 1,320 1,250 1,360 

EIA total industrial 1,020 1,130 1,440 1,440 1,440 1,440 

Difference from EIA 0 -26 -112 -113 -186 -78 

Difference from EIA 0 -2 -8 -8 -13 -5 
asa% 

^Rounded to three significant figures. 
RAND MRW17-4.8 

^^ ICT equipment 
H E-commerce 
S^ Process controls 

I      I Telework 
I      I Building EMS 

50 

0 

-50 

-100 

-150 

-200 

-250 

"i-     i 
/■ 

Net u    □    ■ 

2001 2006 Reference Zaibatsu Cybertopia Net 
2021 2021 2021 Insecurity 

2021 

NOTE: Electricity savings (e.g., from EMSs) are shown as negative TWh/yr. The "net" 
lines show the sum of the negative and positive components for each year and scenario. 

Figure 4.8—ICT-Driven Industrial Electricity Use, 2001-2021 
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TWh, or 8 percent, below that extrapolated from the AEO 2002 
projections. The projections for the other 2021 scenarios range from 
5 to 13 percent below those of the AEO 2002. These results are simUar 
to but smaller than those shown in Subsection 4.3.5 for the 
commercial sector. 

4.5 PROJECTED ELECTRICITY USE IN THE RESIDENTIAL, 
COMMERCIAL, AND INDUSTRIAL SECTORS, 
2001-2021 

Table 4.15 and Figure 4.9 show our projections for ICT-driven and 
total electricity consumption in all three sectors. In the Reference 
scenario, the projected total in 2021 of 4,630 TWh is 346 TWh, or 7 
percent, below the extrapolated AEO 2002 projection.^^ Building 

Table 4.15 

ICT Effects on Residential, Commercial, and Industrial Electricity Use, 
2001-2021 

• Electricity Use (TWh) 

- 
2021 Scenario 

Net 
2001 2006 Reference Zaibatsu Cybertopia Insecurity 

Computer, office, and 118 148 222 246 199 261 
network equipment 

Other ICT equipment 79 98 184 190 193 206 
Digital process controls -8 -19 -56 -63 -70 -56 
Building EMSs -5 -40 -152 -170 -216 -124 
E-commerce -3 -14 -55 -75 -92 -40 
Telework -32 -53 -120 -72 -216 -48 
Subtotal, ICT-driven 149 119 22 55 -203 200 
Subtotal, non-ICI^ 3,270 3,640 4,610 4,610 4,610 4,610 
Total^ 3,420 3,760 4,630 4,670 4,410 4,810 
EIAtotal* 3,420 3,850 4,980 4,980 4,980 4,980 
Difference from EIA 0 -89 -346 -311 -569 -166 
Difference from EIA as a 

% 
0 -2 -7 -6 -11 -3 

^Rounded to three significant figures. 

34. We used the ABO 2002 average annual growth rate of 1.8 percent to extend the AEO 
2002 projected total for electricity consumption from 4,880 TWh in 2020 to 4,980 TWh 
in 2021. 
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NOTE: Electricity savings (e.g., from EMSs) are shown as negative TWh/yr. The "nef 
lines show the sum of the negative and positive components for each year and scenario. 

Figure 4.9—ICT-Driven Electricity Use in the Residential, Commercial, and 
Industrial Sectors, 2001-2021 

EMSs and telework are responsible for the greatest electricity sav- 
ings, with digital process controls and e-commerce also making sub- 
stantial contributions. 

Of the other three scenarios. Net Insecurity uses the most electricity 
in 2021 (4,810 TWh), primarily because the loss of trust in public 
networks results in lower power savings from EMSs, e-commerce, 
and telework. In contrast, Cybertopia's much higher use of EMSs, e- 
commerce, and telework leads to power usage that is 400 TWh less 
than that of Net Insecurity, or a total of 4,410 TWh. Zaibatsu's total, 
4,670 TWh, is closer to that of the Reference scenario but reflects 
both greater power consumption by ICT equipment and greater 
savings from EMSs, e-commerce, and telework than does the Refer- 
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ence total. Figure 4.9 compares the relative importance of each com- 
ponent of ICT-driven electricity use within and among the scenarios. 

A perhaps surprising outcome for an analysis based on future scenar- 
ios is that all four of our scenarios show lower total power consump- 
tion in 2021 than that projected in the AEO 2002, ranging from 3 per- 
cent lower (Net Insecurity) to 11 percent lower (Cybertopia). This 
difference stems principally from our baseline 2001 estimates for 
power use by computer, office, and network ICT equipment being 
more than 75 TWh, or 45 percent, below those in the AEO 2002 (for 
the reasons discussed above, in Subsection 4.3.1). The difference 
widens to more than 200 TWh when projected forward to 2021.35 jf 
not for this systematic difference stemming from our lower baseline 
estimate, the 2021 projected electricity use for our Reference sce- 
nario would be only 2.5 percent lower (and for our Net Insecurity 
scenario, 1.3 percent higher) than that projected in the AEO 2002. In 
addition, the relatively narrow range of 400 TWh, or about 9 percent, 
between our lowest and highest projections for power use in 2021 re- 
flects our assessment that ICT represents a roughly 5 to 6 percent 
factor in explaining total U.S. electricity consumption. 

For the important category of computer, office, and network ICT 
equipment, our projections indicate relatively modest increases in 
power consumption over the 20-year period. Our 2001 estimate of 
118 TWh represents 3.4 percent of total electricity use, which is con- 
sistent with the data in Roth, Goldstein, and Kleinman, 2002, and 
Kawamoto et al., 2001, from which our baseline was derived.^^ 
Looking forward, we see that greater power demands from larger 
numbers of more-powerful digital devices will be moderated by 
trends toward the use of more electricity-efficient components, low- 
power embedded devices, and wireless equipment and networks. 
Reflecting these offsetting trends, the 2021 Reference scenario pro- 
jects that power consumption of computer, office, and network ICT 

^^The differences pertain to the residential and commercial sectors, since the AEO 
2002 does not estimate power use by computer, office, and network ICT equipment for 
the industrial sector. 

3^Roth, Goldstein, and Kleinman (2002, p. 3) estimate that computer, office, and 
network ICT equipment in the commercial and industrial sectors accounted for 3 per- 
cent of national electricity consumption in 2000. Including residential computers and 
home office equipment would add about 0.4 percent more to that estimate. 
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equipment will rise to 222 TWh, or 4.8 percent of total usage. Compa- 
rable projections for the Zaibatsu, Cybertopia, and Net Insecurity 
scenarios are 246 TWh (5.3 percent), 199 TWh (4.5 percent), and 261 
TWh (5.4 percent), respectively. 

Table 4.15 also shows power usage projections for other ICT equip- 
ment, which includes residential audio and video systems, home 
networks, and the ICT portion of industrial production equipment. 
Home audio and video systems, the largest components in this cate- 
gory, are today mostly analog devices whose power reliability re- 
quirements are different from and considerably less stringent than 
those for computers and other digital equipment. Over the next 20 
years, however, audio and video equipment essentially will become 
all-digital and connected to digital home networks. Although home 
audio and video systems do not demand the same level of power 
quality and reliability (PQR) as do data centers and other mission- 
critical business systems,^^ they represent another component of 
electricity requirements for digital ICT equipment in an increasingly 
digital society. 

From the perspective of total kilowatt-hours consumed, we find that 
very large increases in the number of digital devices and in the use of 
digital networks over the next 20 years will only modestly increase 
the demand for electricity. What will keep the increase in demand 
modest is primarily the use of ICT equipment that is more energy ef- 
ficient, the growth of wireless systems, and the other offsetting 
trends discussed in this chapter. We looked for, but did not find, a set 
of plausible assumptions that might support a fifth scenario, one 
with ICT networks, computers, and office equipment using 10 per- 
cent or more of the national electricity total by 2021.^8 In none of our 
2021 scenarios does this percentage exceed 5.5 percent. However, 
the rapid growth of ICT networks and equipment will dramatically 
increase the demand for high-quality and high-reliability power, 
which we explore in the next chapter. 

^^Jonathan Koomey, LBNL, private communication, 2002. 

^^We also did not include a "radical transformation" scenario in which greater 
efficiency, energy conservation, and lifestyle changes reduce ICT network and equip- 
ment use to below 3 percent of the national total. While plausible from a technological 
standpoint, such a scenario would require large-scale behavioral changes that are not 
supported by current studies or data. 
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Our analysis also led to several additional findings that seem reason- 
ably robust across the scenarios: 

• Telework and ICT-facilitated energy management can have large 
effects on electricity consumption; 

• Both expanded use of digital process controls in manufacturing 
and B2B e-commerce bring power savings that are not as large as 
those for telework and EMSs but that are more consistent among 
scenarios with quite different assumptions; 

• B2C e-commerce has smaller effects on overall electricity con- 
sumption; 

• The power-saving effects of EMSs in the residential sector de- 
pend less on ICT advances than on consumers' behavioral re- 
sponses to time-of-use and real-time pricing, which today seem 
highly uncertain; 

• Telework increases electricity consumption in the residential 
sector and lowers it in the commercial and industrial sectors, the 
net effect depending on both the number of teleworkers and the 
average number of days spent teleworking. 

All our projections are, of course, rough estimates based on incom- 
plete data and numerous assumptions about how the future might 
unfold. Nonetheless, further efforts to reduce uncertainties sur- 
rounding the factors identified above should help improve electricity 
demand projections made by the EIA and other, both public and pri- 
vate, forecasters. 



Chapter Five 

IMPLICATIONS OF THE SCENARIOS FOR THE U.S. 
ELECTRICITY SYSTEM 

In addition to providing quantitative projections of electricity use, 
our analysis of the ICT scenarios identified four cross-cutting elec- 
tricity supply issues that are of key importance: 

• Assuring power quality for very large numbers of digital devices; 

• Using ICT to improve grid reliability and operations; 

• Using ICT to support distributed generation and storage; 

• Reducing the vulnerability of the ICT and electricity infrastruc- 
tures. 

This chapter discusses each of these issues in turn. We consider how 
each plays out in the different ICT scenarios, what unresolved ques- 
tions and uncertainties remain, and what the possible implications 
are for the HERE and other DOE energy supply programs. 

5.1  ASSURING POWER QUALITY AND RELL^BILITYFOR 
DIGITAL DEVICES 

Throughout most of the 20th century, electricity was used primarily 
to power lights and motors. These analog devices are generally toler- 
ant to voltage spikes and sags that can occur when large loads turn 
on or off, when a generating plant shuts down, or when natural 
events (e.g., lightning) or accidents disrupt the electric power grid. 
Because light-bulb filaments are fundamentally resistors and motors 
have heavy magnetic coils, both either dim or coast through short 

77 
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voltage fluctuations, resuming normal operation without serious 
problems once power is restored. 

The generation, transmission, and distribution facilities making up 
the U.S. electricity grid were designed for such conventional analog 
loads. The grid delivers power with about 99.9 percent reliability— 
"three nines," in current parlance. This means that electricity users 
experience outages averaging a total of about eight hours per year, an 
amount that historically has been acceptable to most utility rate- 
payers. Hospitals and other essential facilities that cannot tolerate 
this level of outage install their own emergency generators or other 
standby power sources. 

Digital devices demand higher levels of power quality and reliability 
(PQR),i as anyone can attest who has had to reset the household's 
digital clocks after a minor power interruption. This need for higher 
PQR stems from the fact that digital components require low-voltage 
direct current and are highly sensitive to short power interruptions, 
voltage surges and sags, harmonics, and other waveform distortions 
(Borbely, 2000). The increased sensitivity to PQR means that tradi- 
tional levels of reliabOity may result in digital electronics, systems, 
and services shutting down when such problems occur. The impor- 
tant measure for digital technologies is the "downtime" rather than 
the "outage time," that is reflected by the conventional "number of 
nines" terminology. 

End users differ as to how much downtime they experience from 
different kinds of power outages even when average outage time is 
the same (e.g., an average of eight hours per year under a regime of 
three nines reliability). For example, a supermarket that relies on 
freezers can tolerate many short outages much more easily than a 
single long one. In contrast, a semiconductor fabrication facility 
might find such short outages much more disruptive and costly than 
a single eight-hour power interruption. Thus, the traditional metric 
of reliabUity—the number of nines—is of limited value in under- 

'Power quality is measured by amplitude fluctuations and deviations from a pure 
sinusoidal ac or constant dc waveform; power reliability depends on the frequency 
and duration of power outages. Both are critical for digital equipment. The 
Information Technology Industry Council (n.d.) has developed a "voltage tolerance 
envelope" that displays graphically the range of fluctuation and duration that most 
digital devices can tolerate without significant malfunction or damage. 
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Standing the implications for digital technologies. Despite its draw- 
backs, however, the number of nines is still the metric used most 
often to discuss electricity reliability. 

The need for higher PQR has led designers of some consumer digital 
products to include electrical storage (usually capacitors on circuit 
boards and/or backup batteries) to let the devices ride through short 
power interruptions and to smooth out voltage fluctuations. In addi- 
tion, computer users are advised to purchase and install uninterrupt- 
ible power supplies (UPSs) (which contain backup batteries, recti- 
fiers/chargers, and inverters) to protect their machines from power 
line fluctuations that can damage sensitive components. Taking 
these steps can increase the effective reliability at the device level to 
five or six nines, equivalent to between a few minutes and 30 seconds 
of outage per year (Douglas, 2000) .2 

As ICT devices proliferate throughout the U.S. economy and society 
in the next two decades, more firms and individual households will 
require PQR at this higher level. Households will need high PQR not 
only for their computer and home office equipment, but also for 
their digital video and audio systems, home networks, and appli- 
ances with digital controls.^ However, as discussed further below, the 
U.S. electricity transmission and distribution grid will be hard 
pressed to deliver reliability of more than three or at most four nines 
to end users. As a consequence, UPSs for home and business ICT 
equipment will become essentially ubiquitous. 

Even the high level of PQR attainable through standard UPSs will be 
inadequate for commercial and industrial firms whose businesses 
depend on keeping their digital equipment operating nonstop. These 
businesses today include (among others) telecommunications op- 
erators, Internet service providers, and operators of Internet data 
centers or server farms; financial markets, credit card processors, 
and many financial service firms; Web service providers and other e- 

^Again, the downtime resulting from outages is much more important than the total or 
average outage time. 
^Refrigerators, washing machines, ovens, and other appliances will still need only 
conventional, three nines PQR for the motors, heaters, and condensers that constitute 
the bulk of their power load; but their digital controls and network interface devices 
will require a higher PQR level. 
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commerce companies; and semiconductor fabricators and other 
manufacturers using continuous, digitally controlled processes. Such 
"ultra-high PQR" users must invest not only in industrial-strength 
UPSs, backup generation, and storage equipment, but also in fast 
switching devices able to deliver backup power within a fraction of a 
60-cycle electrical waveform—i.e., within a few milliseconds. Ultra- 
high PQR customers are particularly important to the evolution of a 
digital society because of the economic value of the goods and ser- 
vices they produce, rather than because of the number of kilowatt- 
hours they purchase."* 

Our scenarios assume that ultra-high PQR is available to support the 
businesses that require it, albeit in different ways: 

• In Zaibatsu, large vertically mtegrated utilities operate premium 
"power parks" and otherwise offer ultra-high PQR at premium 
prices to their digital customers. 

• In Cybertopia, uhra-high PQR is widely available from dis- 
tributed generators and local microgrids. 

In the Reference scenario, a mix of centralized utilities and dis- 
tributed generators supply ultra-high PQR to end users that need 
it. 

• 

• In Net Insecurity (which requires the least ultra-high PQR of the 
scenarios), large organizations that need PQR produce their own 
or buy it from specialized providers. Most others—e.g., house- 
holds and small businesses, which cannot afford the expense- 
find their ICT growth constrained. 

From an energy supply viewpoint, however, the paths to assuring 
ubiquitous high PQR and rapidly growing ultra-high PQR in these 
scenarios remain unclear. PQR improvements can be made at several 
scales and levels: chip, device, power outlet, office or floor, building, 
plant, substation, or power park;^ complex tradeoffs are involved in 
allocating costs and benefits at each level. At present, having the end 
user install UPS equipment for every sensitive digital device repre- 

*We thank Jonathan Koomey, LBNL, for contributing this insight. 
^In the premium power park concept, a utility or other electricity supplier guarantees 
high PQR, at higher rates, to tenants of a commercial office or industrial park. 
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sents a default solution. But projecting this solution forward to a time 
when there will be vastly greater numbers of ICT devices appears 
quite inefficient in both economic and energy terms. One need only 
observe the number of tangled cords, transformers, and UPS devices 
under today's office desks to appreciate the growing standby-power 
consumption problem accompanying increased use of ICT equip- 
ment. 

Power conditioning that is built in at the chip or ICT device level 
would appear to have many advantages over separate UPS equip- 
ment. Redesigning chips to use lower voltages, a technology trend 
well under way, provides the opportimity to add PQR features. How- 
ever, manufacturers of digital equipment may well underinvest in 
PQR, primarily because it would increase the cost of their products in 
highly competitive markets whose customers have not yet shown a 
willingness to pay extra for better power conditioning.^ In addi- 
tion, some common device-level components, such as switch-mode 
power supplies used for ac/dc conversion, are inherently nonlinear 
and introduce harmonic currents that can cause problems for other 
digital equipment. 

At a larger scale, some power equipment manufacturers and distri- 
bution utilities propose developing premium power parks that guar- 
antee high PQR to commercial and industrial businesses with sen- 
sitive digital loads. In 1999, EPRI (1999b) funded Siemens Power 
Transmission and Distribution and American Electric Power to con- 
duct a demonstration power-park project in an existing industrial 
park in Ohio. Other industry stakeholders have also expressed inter- 
est, but the level of commitment to the power-park concept in a time 
of industry restructuring remains to be seen. More generally, deregu- 
lation and restructuring have blurred industry responsibility both for 
R&D and for ongoing investment in PQR. Although the industry 
places high priority on R&D for PQR,^ botii project funding and out- 
comes remain uncertain. 

^Interview with Industry executive, May 14, 2001. Some manufacturers may also view 
surge protectors or UPS attachments as attractive aftermarkets. 

^For example, see EPRI, 1999a; and Consortium for Electric Infrastructure to Support a 
Digital Society, 2001b. 
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We cannot conclude that market failures in supplying high and ultra- 
high PQR really will constrain the evolution toward a digital econ- 
omy, but we do question whether the current U.S. commitment to 
PQR R&D is sufficient to sustain the ICT growth projected in the 
Zaibatsu and Cybertopia scenarios. We thus suggest some possibili- 
ties that HERE and DOE might consider: 

• Including PQR explicitly in technology program goals and plans; 

• Assessing systemwide PQR issues, such as the cost-effectiveness 
of power conditioning at various scales and levels, and whether 
current investments in R&D by industry and government are 
likely to satisfy national requirements for PQR under plausible 
scenarios; 

• Expanding R&D in areas found to be underfunded and critical to 
PQR—such as reducing harmonic distortions from switch-mode 
power supplies, adjustable speed motors, and other nonlinear 
ICT loads^—and improving high-capacity, fast-response, energy 
storage devices;^ 

• Informing industry stakeholders and end users about PQR prob- 
lems and issues, as well as about technological and other ap- 
proaches for resolving or mitigating them. 

5.2  USING ICT TO IMPROVE GRID RELIABILITY AND 
OPERATIONS 

The U.S. electricity transmission and distribution (T&D) system, 
much of which is many decades old, is showing increasing signs of 
stress as new and greater demands are placed upon it. Passage of the 
Energy Policy Act of 1992 required that access to utility transmission 
lines be opened in order to spur development of wholesale markets 
for electricity. The result has been a greatly increased volume of 
wholesale, or "wheeled," power transmission—by 1999, about 50 

%ee Borbely, 2000; and Waggoner, 2000. 
^Storage technologies of interest include advanced batteries, flywheels, super- 
capacitors, and superconducting magnetic energy storage (SMES). See, for example, 
Gyuk, 2000, and other papers presented at the Electric Energy Storage and Technology 
Conference, Orlando, PL, September 18-20. 
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percent of all power generated in the United States (Douglas, 1999)— 
which challenges the operating stability of many transmission lines 
and the processes used to operate and manage them. At the same 
time, environmental concerns and local opposition make the process 
of building new transmission lines or increasing the capacity of exist- 
ing ones long and arduous. Electricity distribution faces similar siting 
problems, as well as new, concentrated demands for high-quality 
power from Internet data centers and other digital loads. And 
the utility owners of T&D facilities may be reluctant to make new 
investments because of the uncertainties in revenues and returns 
introduced by industry restructuring. 

ICTs show great promise for increasing T&D reliability and carrying 
capacity, but these advances are only beginning to move from devel- 
opment and field testing into operational use. As a consequence, our 
2001-2006 common scenario projects that increased loading of aging 
facilities will result in more transmission congestion and a decrease 
in T&D reliability. This is then followed by grid improvements that 
take different forms in each 2006-2021 scenario: 

• In Zaibatsu, heavy ICT investment and collaboration among the 
large, vertically integrated utilities leads to a unified, high-capac- 
ity, centrally controlled national grid and highly automated local 
and regional distribution grids. 

• In Cybertopia, the technology supports efiFicient competitive 
markets for power and allows distributed control of, and wide- 
spread power exchange among, distributed generators and local 
microgrids. However, even Cybertopia needs a reliable national 
grid interconnected with the local microgrids. 

• In the Reference scenario, ICT is used to support a mix of 
centralized and distributed grid controls. 

• In Net Insecurity, large ICT investments are made to protect re- 
gional and local T&D grids from attack and to limit the spread of 
disturbances when they occur. 

These ICT investments improve the overall reliability of the trans- 
mission networks to at least four nines and the distribution networks 
to three nines. It still costs too much to bring the entire grid up to 
higher levels, however, so digital equipment users buy premium 
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power or have their own power conditioning to achieve high nines 
PQR. 

Over the next two decades, ICT will provide the tools to monitor, 
measure, and assess grid performance in real time, route power 
flows, reduce loads, and take other measures needed to maintain 
grid stability and power throughput (Douglas, 1999; and Fairley, 
2001). Developments under way include wide-bandgap semiconduc- 
tors capable of handling high power flows; improved solid-state ac 
switches, controllers, inverters, ac/dc converters, and related com- 
ponents under the general rubric of power electronics;^" high- 
temperature superconductivity (HTS) cables (Silberglitt, Ettedgui, 
and Hove, 2002); and better sensor and communication networks to 
detect and control disturbances on the grid (Amin, 1999). 

ICT also will provide real-time information about electricity supply, 
delivery, and demand so that prices can be set more dynamically 
than they are today. The use of real-time pricing (RTP) to reduce 
peak loads and encourage efficient use of electricity—an approach 
much discussed by academics and energy analysts for many years— 
is now becoming feasible with the development and deployment of 
affordable digital meters and data links to businesses and homes. 

All four of our scenarios posit that RTP will be generally available to 
end users by 2021 and that most commercial and industrial cus- 
tomers will have adopted it in their own economic self-interest. Resi- 
dential customers are another matter. We remain unconvinced by 
the evidence to date that residential end users will change their 
behavior or automate their electricity consumption decisions simply 
because they have access to digital meters and RTP." Their decisions 
will depend on the actual prices they pay, and it seems likely that, 
politically, consumers will be buffered from the highest peak rates 
imposed on business customers under RTP regimes. The scenarios 
thus depict different levels of consumer response: highest in 
Cybertopia, lowest in Net Insecurity. 

^"EPRI is supporting a number of power electronics development projects as part of 
its Flexible AC Transmission System (FACTS) program. See EPRI, 1999b, pp. 29-30. 

^'See Subsection 4.2.2 for discussion and references. 
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Other questions and uncertainties surround our assumptions that 
T&D equipment manufacturers and operators will in fact fund the 
R&D and subsequently make the ICT investments needed to improve 
grid reliability. Current R&D budgets for T&D are relatively small and 
continually under pressure as a result of industry deregulation. As a 
consequence, it remains unclear how soon the ICT developments 
supported under the Flexible AC Transmission System (FACTS), HTS, 
and other programs will become affordable to T&D operators and 
widely deployed. The Reference and Zaibatsu scenarios are particu- 
larly sensitive to such timetables, since they rely most on a high- 
capacity, reliable electricity grid to power greatly increased numbers 
of digital devices. 

These points suggest two principal initiatives for EERE and DOE to 
consider: 

• Assessment of systemwide T&D issues such as the economywide 
benefits and costs of greater grid reliability under different sce- 
narios, ^^ and whether current timetables are likely to be realized 
for the commercialization and deployment of FACTS, HTS, and 
related ICT developments; 

• Expansion of R&D, in collaboration with industry stakeholders 
and with substantial cost sharing from industry, in areas found to 
be underfunded and critical to improving grid operations emd 
reliability. 

5.3  USING ICT TO SUPPORT DISTRIBUTED GENERATION 
AND STORAGE 

Locating electricity generation and storage closer to end loads is 
likely to emerge as a major 21st century energy trend, reversing the 
trend toward larger-scale generating plants that guided electricity 
system development throughout most of the past 100 years. Up to 

l^The Consortium for Electric Infrastructure for a Digital Society (2001c) estimates 
that the current cost is $45.7 billion per year. Other estimates of annual losses to U.S. 
manufacturing firms from outages and power quality problems range fi-om $25 to 
more than $150 billion (see, for example, Softswitching Technologies, n.d.). A new 
study under way at LBNL is reviewing the data and assumptions underlying these 
estimates; its findings should provide a better basis for future projections under 
different scenarios. 
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now, distributed generation (DG) units—mostly reciprocating en- 
gines fueled by diesel or natural gas—have been installed primarily 
for backup power, although there have been other applications as 
well, including peak-shaving and combined heat and power genera- 
tion. DG units currently represent less than 1 percent of total U.S. 
generating capacity, but they nonetheless account for about one- 
third of U.S. power plants included in EIA databases." Many DG 
installations also include distributed electrical storage in the form of 
batteries to provide immediate power before the generating unit 
kicks in. 

Current technical and economic trends favor the growth of dis- 
tributed generation and storage: 

• DG technologies—internal combustion engines, microturbines, 
fuel cells, and photoelectric arrays—are well along in develop- 
ment and are becoming more cost competitive with technologies 
for centralized power plants; 

• Locating DG close to the load can mitigate or avoid grid conges- 
tion, reduce T&D line losses, and produce heat that may be re- 
coverable for cogeneration; 

• DG and distributed storage can be combined with onsite power 
conditioning to deliver high nines PQR for digital loads; 

• Greater concern about energy and infrastructure security in- 
creases the value of DG as a source of emergency or standby 
power. 

Building on these trends, the DOE Office of Power Technology's 
strategic plan (Office of Power Technologies, 2000) has set an ambi- 
tious goal of increasing the share of new generating capacity repre- 
sented by distributed energy resources from about 3 percent of an- 
nual additions in 2001 to 20 percent or more by 2010. 

Our common 2001-2006 scenario projects that DG growth will in- 
crease to 10 percent of new capacity additions by 2006, which is 

The one-third estimate is based on analysis of operating and standby generating 
units included in the EIA's 860A and 860B utility and nonutility generator databases 
for 1999 (EIA, 1999). 
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consistent with OPT's strategic plan. Beyond 2006, the scenarios 
diverge in the following manner: 

• In the Reference scenario, DG represents 30 percent of new gen- 
erating capacity additions in 2021, with one-third of DG capacity 
regularly exporting power to the grid; 

• In Zaibatsu, DG represents only 20 percent of annual capacity 
additions in 2021 and is largely owned and operated by the large 
Zaibatsu utilities, which integrate it with their centralized power 
plants and T&D networks; 

• In Cybertopia, 50 percent of new generation capacity added in 
2021 comes from DG, most of which is interconnected through 
local microgrids, and two-thirds of total DG capacity exports 
power to the grid; 

• In Net Insecurity, DG represents 30 percent of new generating 
capacity in 2021, with little interconnection with or power ex- 
ports to the grid. 

In each scenario except Net Insecurity, a substantial portion of the 
DG installed after 2006 interconnects with and can export power to 
other users through local microgrids or the larger T&D network. 
Interconnection fundamentally changes DG's basic role from one of 
supplying backup power to a particular end user to that of providing 
economically dispatchable power as part of a fully distributed net- 
work. The ability to sell power, particularly during peak load periods, 
substantially improves DG economics and seems key to the rapid 
growth called for by its advocates. ^^ This is the situation assumed in 
our Cybertopia scenario. 

Many technical and nontechnical obstacles must be overcome, how- 
ever, before DG installations and power sales take place on a large 
scale. The costs of microturbines, fiiel cells, advanced capacitor stor- 
age, and other distributed energy technologies must continue to 
come down, and the operating performance of these technologies 
must improve. Reliability, longevity, and low emission profiles must 
be established for DG units that operate near-continuously rather 
than as backup. Technical standards must be developed for inter- 

l*For example, Dimn, 2001; and Silberman, 2001. 
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connecting large numbers of DG units to the grid without compro- 
mising safety or overall system reliability, and interconnected DG 
units must be able to respond to transient loads when exporting 
power. In addition, policies and methods for pricing DG power ex- 
ports must be developed, and opposition by incumbent stakehold- 
ers, as well as current regulatory barriers to DG expansion, must be 
dealt with (Alderfer, Eldridge, and Starrs, 2000). 

As with the larger grid, ICT plays an essential role in monitoring, ana- 
lyzing, and controlling interconnected DG and distributed storage 
units. ICT is also needed to support real-time markets or other effi- 
cient markets for DG power sales. Although DOE, EPRI, equipment 
manufacturers, and software firms currently support R&D on such 
ICT developments, it is unclear whether the effort is sufficient to 
meet the needs for distributed power projected in our Reference and 
(especially) Cybertopia scenarios. We suggest in this case that EERE 
and DOE consider: 

• Continuing to support development of DG interconnection 
standards; 

• Supporting simulations and demonstrations of ICT systems for 
large-scale DG interconnection; 

• Assessing systemwide issues such as overcoming the technical 
and nontechnical barriers to large-scale distributed resources, 
and whether current R&D investments by industry and govern- 
ment are likely to support DG growth under plausible scenarios; 

• E)qpanding R&D in areas found to be underfunded and critical to 
the growth of distributed generation and storage; 

• Informing industry stakeholders and end users about intercon- 
nection, personnel training, and other issues surrounding dis- 
tributed generation and storage, as well as about technological 
and other approaches for dealing with them. 

5.4 REDUCING VULNERABILITY OF ICT AND ELECTRICITY 
INFRASTRUCTURES 

Whatever path it takes, the U.S. evolution toward a digital economy 
and society will bring greater dependency on always-available and 
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reliable information, communications, and electricity networks 
(Ware, 1998). The ICT and electricity infrastructures already are in- 
tertwined and will become increasingly more so. Greater use of ICT 
equipment and services means greater need for reliable, high-quality 
power, and both traditional T&D networks and distributed micro- 
grids will require real-time information, communications, and con- 
trol. 

The vulnerabilities of the ICT and electricity infrastructures to physi- 
cal and information attacks were well recognized in a Presidential 
Commission report (President's Commission on Critical Infrastruc- 
ture Protection, 1997) ^^ published five years before the terrorist 
strikes of September 11, 2001, but the events of September 11 have 
accelerated efforts to improve infrastructure protection and re- 
silience. High-priority R&D programs are aimed at designing more- 
robust architectures, hardening communication links, developing 
better sensor networks, improving data sharing and Einalysis to pro- 
vide early warning of attacks, and mitigating damage from attacks. 
One important goal of this R&D is to come up with resilient, "self- 
healing" networks that largely automate system response to and 
recovery from natural disasters and human attacks (Amin, 2001). 

Because such R&D efforts will take years and the results will possibly 
not be implemented for decades, and because attackers wiU continue 
to refine their methods and exploit new technology, our common 
2001-2006 scenario estimates that the ICT and electricity infrastruc- 
tures wiU face security and vulnerability issues in 2006 that are simi- 
lar to those they face now. For the ensuing 15 years (through 2021), 
three of our four scenarios make more-optimistic projections, 
whereas the fourth does not: 

• In Zaibatsu, the ICT and electricity grids become largely self- 
healing under centralized Zaibatsu control; 

• In Cybertopia, distributed ICT and electricity resources develop 
self-healing properties, while local price signals help shed loads 
and limit losses after a failure or disruption; 

^^For the electricity sector response, see Working Group Forum on Critical Infra- 
structure Protection, 2001. 
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• In the Reference scenario, a mix of centralized and distributed 
controls make ICT and electricity infrastructures acceptably 
robust but not as self-healing or secure as in Zaibatsu or Cyber- 
topia; 

• In Net Insecurity, public infrastructures remain vulnerable, 
especially to information attacks, out through 2021. 

The three optimistic scenarios assume that national, regional, and 
local electricity grids evolve to include secure networks of sensors, 
communication links, information processors, and dynamic algo- 
rithms that make the grids largely self-healing. However, the self- 
healing grid represents a concept and/or goal whose feasibility, cost, 
and timing are currently unclear. Similarly, the Cybertopia, Refer- 
ence, and (to some extent) Zaibatsu scenarios assume that "virtual 
private networks" and/or the public Net provide communications 
with adequate security for both end-user load management and grid 
management functions. This assumption does not hold in the Net 
Insecurity scenario. 

It is also important to note that while ICT advances support both 
centralized and decentralized scenarios, distributed resources add 
resilience and robustness to both the ICT and the electricity infra- 
structure. A recent paper by Balkovich and Anderson (2001) suggests 
that efforts to build redundancy in electricity and ICT networks be 
integrated at the neighborhood level. However, to our knowledge, 
the design tradeoffs between infrastructure robustness and overall 
system cost and efficiency remain largely unexplored. 

We believe that our findings, new national priorities arising in 
the wake of September 11, and the essential public-good nature of 
efforts to reduce infrastructure vulnerabilities imply, in a reasonably 
straightforward manner, that HERE and DOE should consider 

• Assessing the benefits and costs of spurring the growth of dis- 
tributed resources as a strategy to increase infrastructure robust- 
ness, resilience, and flexibility; 

• Analyzing efficiency/robustness tradeoffs for distributed re- 
sources and the T&D infrastructure; 
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Assessing whether and how the Internet can be made secure 
enough for essential grid communications and control links, and 
supporting R&D on promising approaches; 

Expanding R&D on ICT developments for grid and microgrid 
monitoring, analysis, and control; 

Expanding R&D on ICT developments to encourage dynamic re- 
sponse by electricity end users. 



Chapter Six 

CONCLUSIONS AND RECOMMENDATIONS 

6.1  ALIGNING EERE PROGRAMS AND PLANNING WITH 
ANTICIPATED ICT DEVELOPMENTS 

While previous debate has focused largely on how much electricity 
will be needed to power the Internet and related information and 
communications technology (ICT) equipment, our analysis con- 
cludes that very large increases in the number of digital devices and 
network usage over the next 20 years will have only modest effects on 
overall U.S. consumption of kilowatt-hours. More important for a 
digital society will be meeting the increased demand for high power 
quality and reliability (PQR). We recommend that EERE explicitly in- 
clude the improvement of power quality as a goal in its strategic plan 
and in appropriate R&D and technology programs. 

A related conclusion of this study is that the electricity supply and 
distribution systems needed to support a digital society will increas- 
ingly rely on power electronics and other ICT developments for im- 
proved power measurement, monitoring, and control. These ICT 
advances are essential if PQR is to be improved for digital loads, grid 
reliabihty is to be increased, the growth of distributed energy 
resources is to be enabled, and electricity and ICT infrastructures are 
to be made more robust and resilient. 

EERE may need to pay greater attention to accelerating the develop- 
ment of ICTs and their deployment into the U.S. electric power sys- 
tem. Our scenarios—especially the high-ICT-use Zaibatsu and 
Cybertopia—emphasize the importance of bringing the results of 
R&D into commercial practice to support the increased future 

Preceding Page Blank 
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demands of digital loads. In-time deployment of ICT in the electricity 
infrastructure depends on R&D success in reducing costs as well as 
in increasing performance. While EERE supports a number of proj- 
ects in these areas, most of the relevant R&D is funded by industry. 
Electricity industry restructuring could lead to underinvestment in 
R&D and infrastructure improvements, although we cannot con- 
clude that such possible market failures will seriously constrain ICT 
growth. 

We recommend that EERE assess the goals, schedules, obstacles, and 
likely outcomes of current government and industry R&D programs 
in such areas as 

• Power electronics for the transmission and distribution (T&D) 
system; 

• Power sources for very small, wireless digital devices; ^ 

• Energy storage for high-PQR applications; 

• Self-healing microgrids and T&D networks. 

If the analysis finds evidence for underinvestment, or for mismatches 
between likely avaUability and need, a good case can be made for 
supporting additional R&D or for providing incentives to deploy ICT 
in the electricity infrastructure. 

To achieve its ambitious goals for distiibuted energy resources, EERE 
may also have to pay more attention to ICTs for monitoring and con- 
trolling the interconnection of distributed generation and storage 
units. We again recommend tiiat EERE assess industry and govern- 
ment R&D to ascertain whetiier current efforts are likely to be suffi- 
cient. We specifically see a need to simulate and then physically 
demonstrate the technical and economic feasibility of interconnect- 
ing large numbers of distributed generation units that can export 
power during periods of peak load. As our Reference and Cybertopia 
scenarios show, ICTs are also important for supporting real-time or 
other efficient markets for distiibuted generation power sales. 

^EERE's efforts here should be closely coordinated with those of DARPA, the primary 
government supporter of R&D on portable micropower sources. See Defense 
Advanced Research Projects Agency (n.d.). 
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Our Net Insecurity scenario shows most directly the added burdens 
and losses associated with continued infrastructure vulnerability, but 
improved infrastructure protection is important in each of the four 
scenarios. We recommend that EERE further explore how ICTs can 
support a larger role for distributed energy resources in reducing the 
vulnerability of the electricity infrastructure. Self-healing microgrids, 
secure communication links among distributed energy resources, 
and autonomous local agents for balancing electricity supply and 
demand—all of these deserve serious study and possibly increased 
R&D support. Given the increased national commitment to infra- 
structure protection and security since September 11, additional 
effort in this area could have a high payoff. 

6.2  IMPROVING ELECTRICITY PROJECTIONS 
INVOLVING ICT 

A digital society relies on high PQR. There is thus a need to better 
quantify and understand the dimensions of the so-called digital 
load—i.e., the portion of the electricity demand that, because it 
comes from ICT equipment and other applications, requires higher 
PQR than the conventional T&D grid now provides. In Chapter Five, 
we subdivide the digital load into two components with different 
PQR requirements: 

• The high-PQR load, for most home and office computers, 
copiers, and other office equipment; digital television and audio 
systems; home networks; and the digital controls for growing 
numbers of networked sensors and appliances. 

• The ultra-high PQR load, for network operators, financial service 
providers, e-commerce firms, semiconductor fabricators, and 
other businesses relying on digital ICT equipment that must op- 
erate continuously without interruption. 

At present, no data are available for estimating either component of 
the digital load or for making sensible future projections. Conse- 
quently, we recommend that both EERE and EIA give high priority to 
efforts to collect such data and that EIA consider including estimates 
of the digital load as a separate category in the Annual Energy Out- 
look. Efforts to quantify the digital load, particularly its ultra-high 
PQR component, would also help inform government and industry 
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decisions about new investments in the grid and in distributed en- 
ergy resources. 

EIA, HERE, and other offices within DOE should also give greater 
priority to ICT-driven electricity usage as part of the congressional 
mandate to make 20-year projections of U.S. electricity consumption 
in the Annual Energy Outlook. Based on our study, we recommend 
that additional analysis to improve projections of ICT-driven 
electricity consiunption focus not only on the power directly used by 
digital equipment, but also on ICT influences on energy manage- 
ment and broader societal changes. The analysis presented in Chap- 
ter Four suggests specific topics deserving further study that includes 
actual measurements and projected trends: 

• Telework m specific occupational categories and industry sub- 
sectors, including both the number of teleworkers and the aver- 
age nimiber of days spent teleworking; 

• Effects of telework on electricity consumption in the residential, 
commercial, and industrial sectors, and on vehicle fuel con- 
sumption; 

• Electricity savings fi-om introducing adjustable speed drives and 
other digital controls in manufacturing processes; 

• Inventory reductions resulting from business-to-business e- 
commerce; 

• Warehouse and other commercial space reductions resulting 
from business-to-consumer e-commerce; 

• Vehicle fuel savings resulting from business-to-consumer e- 
commerce; 

• Consumer behavioral responses to time-of-use or real-time 
pricing of electricity; 

• Effects of electric and fuel cell vehicles, in terms of both pur- 
chases of electricity for vehicle use and sales of electricity gener- 
ated by these vehicles for other uses. 

Each of these factors can have a significant impact on power use over 
a 20-year period, so better ways to estimate their effects can lead to 
improved overall projections of future U.S. electricity consumption. 
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6.3  IMPROVING ICT SCENARIOS FOR ENERGY PLANNING 
AND FORECASTING 

This study should be considered an exploratory effort to create sce- 
narios that illuminate potentially important ICT developments and 
to assess the implications of those developments for future electricity 
supply, demand, and delivery. We think that despite our need to rely 
on incomplete data and unprovable assumptions for the study, the 
process led to interesting and possibly useful findings, conclusions, 
and recommendations. Still, given the shortfalls and limitations, we 
think it essential to offer suggestions about how to extend and im- 
prove the process itself. 

First, this study identified factors that were not explicitly included in 
the scenEirio building but that could be important to how ICT affects 
the U.S. electricity system. One of these driving factors is the extent 
of industry restructuring (in both the ICT and electricity industries). 
Another is any significant structural change in the U.S. industrial sec- 
tor catalyzed by ICT developments—e.g., a decline in paper produc- 
tion as a new generation of readers substitutes digital interfaces for 
printed pages. Additional scenarios using these driving factors would 
help gauge their importance to and influence on ICT-driven changes 
in electricity use. 

Second, another set of scenario excursions could draw on so-called 
"wild cards" that serve to challenge conventional assumptions and 
equilibrium solutions. Some examples of such low-probability, high- 
consequence events by 2021 are widespread chip-to-brain implants 
in humans, medical research definitively linking wireless ICT use 
with cancer, and networked, nanotechnology "personal fabricators" 
for on-demand manufacturing at home. Another, more plausible 
possibility is the use of large numbers of fuel-cell-powered vehicles 
as distributed generators of electricity when they are garaged or 
otherwise not in motion. 

Finally, the ICT drivers could be further melded with demographic, 
cultural, and lifestyle variables to produce a more fully integrated 
set of future scenarios. This extension of the process would not be 
easy to accomplish, since adding more independent variables could 
quickly lead to an overload of scenario possibilities and choices. 
Nonetheless, scenarios that further integrate technical and non- 
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technical driving factors can provide a more complete framework for 
both DOE'S strategic planning and its multiyear energy projections. 



Appendix A 

INFORMATION AND COMMUNICATIONS 
TECHNOLOGY SCENARIO MATRIX 
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7.2 
0.1 
0.2 
1.8 

0.9 
0.4 
3.3 

13.7 
14.7 

U.S. Residentia] 2001 Base 
households (million) 106 
electricity intensity (kWh/hh) 11,600 
ai^. sq.ft. per hh 1,684 
ICT Equipment       %of   # units     unit 
 hh   (million) kWh/yr TWh/yr 
Computer/office 
desktop 65      110 
notebook 6 10 
PDA (charger) 15 10 
printer, other 90        20 
periph 

modem 45 20 
broadband modem 9        40 
copier/fax 12       275 
subtotal 
(EIA2001) 

TV/video 
cable/sat TV/video 72 76 450 
broadcast TV/video 27 29 350 
digital TV (increm.) 1 l       180 
dig cable/sat box 18      19      100 
game console 65 10 
subtotal 
(EIA, 2001) 

Audio 
component stereo 75       150 
compact stereo 50      110 
portable stereo 75 17 
clock radio 150 15 
MP3 player 5 10 
subtotal 

Commtuiications/network 
powered lOO 26 
phone/ans 

cordless phone/ans 100 30 
cell phone charger 40 10 
home network- 3        3       100 
base 

security 12      13       125 
sys/connect 

ICTcoimections 10      2.75 
appliance connects 0      2.75 
HVAC/light 2      2.75 
connects 

subtotal 

Subtotal ICT equipment  

%of 
hh 

2006 
111.5 

12,300 
1,713 

# units     unit 
(million) kWh/yr TWh/yr 

85 100 
10 10 
75 10 

120 20 

40 
30 
20 

45 
33 
22 

20 
40 

225 

8.5 
0.1 
0.8 
2.4 

0.9 
1.3 
5.0 

19.0 
17.6 

34.3 80 89 450 40.1 
10.0 19 21 350 7.4 
0.2 5 6 180 1.0 
1.9 50 56 90 5.0 
0.7 100 112 10 1.1 

47.1 54.7 
41.0 52.7 

11.3 70 78 150 11.7 
5.5 50 56 110 6.1 
1.3 75 84 17 1.4 
2.3 150 167 15 2.5 
0.1 50 56 10 0.6 

20.3 22.3 

2.6 100 26 2.6 

3.0 150 30 4.5 
0.4 75 10 0.8 
0.3 20 22 100 2.2 

1.6 30 446 2.25 2.4 

0.0 223 2.25 0.5 
0.0 45 2.25 0.1 
0.0 223 2.25 0.5 

7.9 13.6 
89 110 
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U.S. Residential 2001 Base 2006 
households (million) 106 111.5 
electricity intensity (kWh/hh) 11,600 12,300 
avg. sq.ft. per hh 1,684 1,713 
ICT Equipment %of #iuiits unit %of # units unit 

hh (million) kWh/yr TWh/yr hh (million) kWh/yr TWh/yr 

Home EMS % % pene- % % % pene- % 
SP^ tration SC&L'' SP^ tration SC&L'' 

phase 1 3 2 34 -0.3 3 7 34 -1.0 
phase 2 9 0 34 0.0 9 2 34 -0.8 
phase 3 15 0 34 0.0 15 1 34 -0.7 

subtotal EMS -0.3 -2.5 

Telework 
% of work force 9% 17 13% 25 
avg days per week 2 2.1 
office equip 17 220 3.0 25 210 4.4 

(increm) 
office lighting 17 150 2.0 25 140 2.9 
office space 17 500 6.8 25 500 10.5 

conditioning 
subtotal home 17 870 11.8 25 850 17.9 

office 
rest of home (2/3 X 17 580 7.9 25 567 11.9 

office) 
subtotal telework 1,450 19.7 1,417 29.8 
subtotal ICT-driven 109 137 
subtotal non-ICT 1,121 1,241 
Total residential 1,230 1,378 

EIAICT 56 70 
EIA non-ICT 1,174 1,300 
EIA total residential 1,230 1,370 

difference from EIA 
TWh 0 8 
% 0.0 0.6 

References and sources of data: 
EIA, 2001 
Arrington, 2001 
Kawamoto et al., 2001 
Rosen and Meier, 1999 
Rosen and Meier, 2000 
Rosen, Meier, and Zandelin, 2001 

*SP = savings potential. 
''SC&L = space conditioning and lighting. 
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U.S. Residential Reference 2021 Zalbatsu2021 
households (million) 128 
electricity intensity (kWh/hh) 13,200 
avg. sq. ft. per hh 1,792 
ICT Equipment %of # units unit %of # units unit 

hh (million) kWh/yr TWh/vr hh (million) kWh/vr TWh/vr 
Computer/office 
desktop 100 100 10.0 120 100 12.0 
notebook 25 10 0.3 30 10 0.3 
PDA (charger) 150 10 1.5 150 10 1.5 
printer, other 150 20 3.0 160 20 3.2 

periph 
modem 2 3 20 0.1 2 3 20 0.1 
broadband modem 90 115 40 4.6 96 123 40 4.9 
copier/fax 30 38 150 5.8 35 45 150 6.7 
subtotal 25.2 28.7 
(EIA, 2001) 33.7 33.7 
TV/video 
cable/sat TV+video 95 122 450 54.7 98 125 450 56.4 
other TV/video 4 5 350 1.8 1 1 350 0.4 
digitalTV(add 95 122 180 21.9 98 125 180 22.6 

kWh) 
dig cable/sat box 95 122 60 7.3 98 125 60 7.5 
game console 150 192 10 1.9 150 192 10 1.9 
subtotal 87.6 88.9 
(EIA, 2001) 76.3 76.3 
Audio 
component stereo 75 96 150 14.4 75 96 150 14.4 
compact stereo 50 64 110 7.0 50 64 110 7.0 
portable stereo 75 96 17 1.6 75 96 17 1.6 
clock radio 150 192 15 2.9 150 192 15 2.9 
MP3 player 150 192 10 1.9 150 192 10 1.9 
subtotal 27.9 27.9 
Communications/network 
powered 100 26 2.6 110 28 3.1 
phone/ans 

cordless phone/ans 200 30 6.0 200 28 5.6 
cell phone charger 30 10 0.3 25 10 0.3 
home network-base 90 115 150 17.3 95 122 150 18.2 
security 3,456 1.34 4.6 3,648 1.34 4.9 

sys/connect 
ICT connections 3,456 1.34 4.6 3,648 1.34 4.9 
appliance connects 3,584 1.34 4.8 4,096 1.34 5.5 
HVAC/light 8,960 1.34 12.0 10,240 1.34 13.7 
connects 
subtotal 52.3 56.2 
Subtotal ICT equipment 193 202 
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U.S. Residential Reference 2021 Zaihatsu 2021 
households (million) 128 

electricity intensity (kWh/hh) 13,200 

avg. sq. ft. per hh 1792 

Item %of # units unit %of # units unit 
hh (million) kWh/yr TWh/yr hh (million) kWh/yr TWh/yr 

Home EMS % % pene- % % % pene- % 
SP^ tration SC&L'' SP^ tration SC&L^ 

phase 1 3 20 33 -3.4 3 20 33 -3.4 

phase 2 9 20 33 -10.1 9 25 33 -12.6 

phase 3 15 30 33 -25.2 15 35 33 -29.5 

subtotal EMS -38.7 -15.4 

Telework 
% of work force 18 40 14 30 

avg days per week 2.5 2 

ofHce equip 40 180 7.2 30 180 4.3 
(increm) 

office lighting 40 110 4.4 30 110 2.6 

office space 40 500 20.0 30 500 12.0 
conditioning 

subtotal home 40 790 31.6 30 790 19.0 
office 

rest of home (2/3 X 40 527 21.1 30 527 12.6 
office) 

subtotal telework 1,317 52.7 30 1,317 31.6 

subtotal ICT-driven 207 188 
subtotal non-ICT 1,516 1,516 

Total residential 1,723 1,704 

EIAICT 113 113 
EIA non-ICT 1,587 1,587 

EIA total residential 1,700 1,700 

difference firom EIA 
TWh 23 4 

% 1.3 0.2 

^SP = savings potential. 
''SC&L = space conditioning and lighting. 
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U.S. Residential Cybertopia2021 Net Insecurity 2021 
households (million) 
electricity intensity (kWh/hh) 
a\^. sq.ft. per hh 
ICT Equipment %of # units unit %of # units unit 

hh (million) kWh/yr TWh/yr hh (million) kWh/yr TWh/yr 
Computer/office 
desktop 120 100 12.0 100 100 10.0 
notebook 30 10 0.3 25 10 0.3 
PDA (charger) 200 10 2.0 50 10 0.5 
printer, other 180 20 3.6 150 20 3.0 

periph 
modem 2 3 20 0.1 2 3 20 0.1 
broadband modem 93 119 40 4.8 50 64 40 2.6 
copier/fax 40 51 150 7.7 30 38 150 5.8 
subtotal 30.4 22.1 
(EIA, 2001) 33.7 33.7 
TV/video 
cable/sat TV+video 95 122 450 54.7 98 125 450 56.4 
other TV/video 4 5 350 1.8 1 1 350 0.4 
digital TV (add 98 125 180 22.6 99 127 400 50.7 

kWh) 
dig cable/sat box 95 122 60 7.3 99 127 60 7.6 
game console 150 192 10 1.9 170 218 10 2.2 
subtotal 88.3 117.4 
(EIA, 2001) 76.3 76.3 
Audio 
component stereo 75 96 150 14.4 80 102 150 15.4 
compact stereo 50 64 110 7.0 60 77 110 8.4 
portable stereo 75 96 17 1.6 80 102 17 1.7 
clock radio 150 192 15 2.9 150 192 15 2.9 
MP3 player 150 192 10 1.9 150 192 10 1.9 
subtotal 27.9 30.3 
Commimications/network 
powered 100 28 2.8 100 28 2.8 

phone/ans 
cordless phone/ans 200 28 5.6 200 28 5.6 
cell phone charger 30 10 0.3 30 10 0.3 
home network- 95 122 150 18.2 80 102 150 15.4 

base 
security connects 3,648 1.34 4.9 3,072 1.34 4.1 
ICT connections 3,648 1.34 4.9 1,024 1.34 1.4 
appliance connects 4,608 1.34 6.2 896 1.34 1.2 
HVAC/light 11,520 1.34 15.4 8,960 1.34 12.0 

connects 
subtotal 58.3 42.8 
Subtotal ICT equipment 205 213 
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U.S. Residential Cybertopia2021 Net Insecurity 2021 
households (million 
electricity intensity (kWh/hh) 
avg. sq. ft. per hh 
Item %of #imlts unit %of # units unit 

hh (million) kWh/yr TWh/yr hh (million) kWh/yr TWh/yr 
Home EMS % % pene- % % % pene- % 

SP^ tration SC&Lb SP^ tration SC&L'' 

phase 1 3 10 33 -1.7 3 40 33 -6.7 
phase 2 9 20 33 -10.1 9 20 33 -10.1 
phase 3 15 60 33 -50.5 15 10 33 -8.4 
subtotal EMS -62.3 -25.2 

Telework 
% of work force 28 60 9 20 
avg days per week 3 2 
ofHce equip 60 180 13.0 20 180 2.9 

(increm) 
ofHce lighting 60 110 7.9 20 110 1.8 
office space 60 500 36.0 20 500 8.0 

conditioning 
subtotal home 60 790 56.9 20 790 12.6 

office 
rest of home (2/3 X 60 527 37.9 20 527 8.4 

office) 
subtotal telework 1,317 94.8 1,317 21.1 

subtotal ICT-driven 237 208 
subtotal non-ICT 1,516 1,516 
Total residential 1,753 1,724 

EIAICT 113 113 
EIA non-ICT 1,587 1,587 
EIA total residential 1,700 1,700 

difference from EIA 
TWh 53 24 
% 3.1 1.4 

*SP = savings potential. 
•"SC&L = space conditioning and lighting. 
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U.S. Ckimmercial 2001 Base 2006 
floor space (billion square feet) 66.1 72.9 
electricity intensity (kWh/sq ft) 17.7 18.4 
Item # units     unit #imits     unit 

(million) kWh/yr TWh/vr (million) kWh/vr TWh/vr                    1 
ICT equipment 
PC equipment 69 (PCs)      650 44.5 83 (PCs)      600 50.0 
other ofBce ICT 28.8 35.0 
data centers 12Mft2       350 4.2 28Mft2       350 9.8 
FTTC, FTTH terminals 0              1,750 0.0 2                 430 0.9 
other network ICT 14.0 19.0 
subtotal ICT equipment 91.5 114.7 
Building EMS         %SP» % pene-     % 

tration   SC&L'' 
%SP« % pene-     % 

tration   SC&L'' 
phase 1                      6 10          51 -3.6 6 20         48 -7.7 
phase 2                    16 0          51 0.0 16 15         48 -15.4 
phase 3                     24 0          51 0.0 24 5         48 -7.7 
subtotal EMS -3.6 -30.9 
E-commerce             % % space retail % % % space retail % 

online saved    of elec online saved    of elec 
B2C—retaU space      2 50           14 

warehse 
%of 
elec 

-1.6 7 50            14 
warehse 

%of 
elec 

-5.5 

B2B—warehouse sp   5 10          6.8 -0.4 20 10          6.8 -1.5 
subtotal e-commerce -1.9 -7.0 
Telework million   kWh/yr million  kWh/yr 
number                     9 12.8 13 18.8 
avg days per week      2 2.1 
electricity savings -3,034 -38.7 -3,300 -61.9 
subtotal ICT-driven 47 15 
subtotal non-ICT 1,123 1,253 

1,268 Total commercial 1,170 
EIAICT 152 204 
EIA non-ICT 1,018 1,136 
EIA total commercial 1,170 1,340 
difference from EIA 

TWH 0 -72 
% 0 -5 

References and data sources 
CBECS, 1995 
EIA, 2001 
Kawamoto et al., 2001 
Roth, Goldstein, and Meirmian, 2002 
Mitchell-Jackson, 2001 
"SP = savings potential. 
"SC&L = space conditioning and lighting. 
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U.S. Commercial Reference 2021 Zaibatsu2021 
floorspace (billion sq ft) 91.1 
electricity intensity (kWh/sq ft) 20.2 
Item # units     unit # units     unit 

(million) kWh/yr TWh/yr (million) kWh/yr TWh/yr 
ICT Equipment 
PC equipment 65.0 70.0 
other office ICT 45.0 50.0 
data centers 65Mft2    400 26.0 75M ft^     400 30.0 
FTTC, FTTH terminals 96         100 9.6 110         100 11.0 
other network ICT 32.0 35.0 
subtotal ICT equipment 177.6 196.0 

Building EMS         %SP* % pene-     % 
tration   SC&L*' 

%SP^ % pene-     % 
tration   SC&L'' 

phase 1                       6 20         40 -8.8 6 20         40 -8.8 
phase 2                      16 25         40 -29.4 16 25         40 -29.4 
phases                      24 30          40 -53.0 24 35         40 -61.8 
subtotal EMS -91.3 -100.1 

E-commerce              % % space retaU% % % space retail % 
online saved    ofelec online saved   ofelec 

B2C—retail space      20 50          14 
warehse 
% ofelec 

-15.6 25 50          14 
warehse 
% ofelec 

-19.5 

B2B—warehouse sp   70 10         6.8 -5.4 75 10         6.8 -5.8 
subtotal e-commerce -21.0 -25.3 

Telework miUion kWh/yr million kWh/yr 
number                     18 30.0 14 22.5 
avg days per week    2.5 2 
electricity savings -4,315 -129.5 -3,452 -77.7 

subtotal ICT-driven -64 -7 
subtotal non-ICT 1,648 1,646 
Total commercial 1,583 1,639 

EIAICT 346 346 
EIA non-ICT 1,494 1,494 
EIA total commercial 1,840 1,840 

diff^erence from EIA 
TWH -257 -201 
% -14 -11 

*SP = savings potential. 
''SC&L = space conditioning and lighting. 
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U.S. Commercial Cybertopia2021 Net Insecurity 2021 

Item # units unit # units     unit 
(million) kWh/yr TWh/vi (milUonl kWh/vr TWh/vr 

ICT equipment 
PC equipment 50.0 90.0 
other office ICT 40.0 70.0 
data centers 50Mft2 400 20.0 45Mft2 18.0 
FTTC, FTTH terminals 83 100 8.3 64         100 6.4 
other network ICT 30.0 35.0 
subtotal ICT equipment 148.3 219.4 
BuUdlngEMS        %SP* % pene- 

tration 
% %SP^ % pene-     % 

tration   SCSiL*" 
phase 1                    6 15 40 -6.6 6 20          40 -8.8 
phase 2                    16 25 40 -29.4 16 20          40 -23.6 
phase 3                    24 50 40 -88.3 24 25          40 -44.2 
subtotal EMS -124.4 -76.5 
E-commerce           % % space retail % % % space retail % 

online saved ofelec online saved    ofelec 
B2C—retail space    35 50 14 

warehse 
% ofelec 

-27.3 7 50           14 
warehse 
% ofelec 

-5.5 

B2B—warehouse     80 
sp 

subtotal e-commerce 

10 6.8 -6.2 60 10         6.8 -1.6 

-33.5 -10.1 
Telework million kWh/yr million kWh/yr 
number               28% 45.0 9% 15.0 
ai^ days per week     3 2 
electricity savings -5,178 -?33.0 -3,452 -51.8 
subtotal ICT-driven -243 81 
subtotal non-ICT 1,646 1,646 
Total commercial 1,403 1,727 
EIAICT 346 346 
EIA non-ICT 1,494 1,494 
EIA total commercial 1,840 1,840 

difference from EIA 
TWH -437 -113 
% -24 -6 

*SP = savings potential. 
•"SCStL = space conditioning and lighting. 
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U.S. Industrial 2001 Base 2006 
industrial output (billion 1992$) 4,969 5,830 
electricity intensity (kWh/$output) 0.21 0.20 
Item # units      unit # units unit 

(million) kWh/yr TWh/yi (million) kWh/yr TWh/yr 
ICT equipment 
office equipment 12.7 14.0 
production ICT equip 4.0 7.0 
subtotal ICT equipment 16.7 21.0 

Process control    % SP^ % pene- drives % roSP'' % pene- drives % 
tration    ofelec tration ofelec 

adj speed motors     15 10.0            51 -7.8 17 20.0 50   -19.3 

Building EMS       %SP^ % pene- HVAC & %SP^ % pene- HVAC& 
tration   Igt % of tration Igt % of 

use use 
Phasel                      6 10           16 -1.0 6 15 16       -1.6 
Phase 2                    16 1           16 -0.3 16 10 16        -2.9 
Phases                   24 0           16 0.0 24 5 16        -2.2 
subtotal EMS -1.2 -6.7 

E-commerce            % % inven intensity % % inven intensity 
online saved   (kWh/$) online saved (kWh/$) 

inventory savings      5 10        0.21 -1.1 20 15 0.20       -6.9 

Telework million   kWh/yr million kWh/yr 
number                 9% 4.3 13% 6.3 
avg days/week          2 2.1 
electricity savings -3,034 -12.9 -3,300   -20.6 

subtotal ICT-driven -6 -33 
subtotal non-ICT 1,029 1,141 
Total industrial 1,023 1,108 

EIA total industrial 1,023 1,134 

difference from EIA 
TWh 0 -26 
% 0 -2 

References and data soiurces 
EIA, 2001 
Kawamoto et al., 2001 
Roth, Goldstein, and Kleinman, 2002 
MECS, 1998 

*SP = savings potential. 
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U.S. Industrial Reference 2021 Zaibatsu2021 
industrial output (billion 1992$) 8,667 8,667 
elecOicity intensity (k\Vh/$output) 0.14 0.15 
Item # units     unit # units unit 

(milUon) kWh/vr TWh/vr (million) kWh/yr TWh/yr 
office equipment 19.0 21.0 
production ICT equip 16.0 17.0 
subtotal ICT equipment 35.0 38.0 

Process control   % SP' % pene- drives % % SP^ % pene- drives % 
tration    ofelec tration ofelec 

adj speed motors   20 40.0            49 -56.3 20 45.0 49 -63.3 

Building EMS       %SP' %pene- HVAC& 
tration   Igt % of 

use 

%SP' % pene- 
tration 

HVAC& 
Igt % of 

use 
phase 1                   6 20           15 -2.6 6 20 15 -2.6 
phase 2                  16 20            15 -6.9 16 20 15 -6.9 
phase 3                 24 25            15 -12.9 24 30 15 -15.5 
subtotal EMS -22.4 -25.0 

E-conunerce          % %inven intensity % % inven intensity 
online saved    (lcwh/$) online saved (kwh/$) 

inventory savings   70 20          0.14 -34.3 75 25 0.15 -19.2 

Telework million million 
number              18% 10.0 14% 7.5 
avg days/week     2.5 2 
electricity savings -4,315 -13.2 -3,452 -25.9 

subtotal ICT-driven -121 -125 
subtotal non-ICT 1,445 1,448 
Total industrial 1,324 1,323 

EIA total industrial 1,436 1,436 

difference from EIA 
TWh -112 -113 
% -8 -8 

*SP = savings potential. 



ICT-Related Electricity Use Projections 129 

U.S. Industrial Cybertopia2021 Net Insecurity 2021 
8,667 8,667 
0.12 0.14 

Item #imits unit # units unit 
(million) kWh/yr TWh/yi (million) kWh/yr TWh/yr 

office equipment 20.0 19.0 
production ICT equip 18.0 16.0 
subtotal ICT equipment 38.0 35.0 

Process control %SP^ % pene- 
tration 

drives % 
ofelec 

%SP« % pene- 
tration 

drives % 
ofelec 

adj speed motors 20 50.0 49 -70.4 20 40.0 49 -56.3 

Building EMS %SP« % pene- 
tration 

HVAC& 
lgt%of 

use 

%SP^ % pene- 
tration 

HVAC& 
lgt%of 

use 
phase 1 6 20 15 -2.6 6 15 15 -1.9 
phase 2 16 25 15 -8.6 16 20 15 -6.9 
phase 3 24 35 15 -18.1 24 25 15 -12.9 
subtotal EMS -29.3 -21.8 

E-commerce % % inven intensity % % inven intensity 
online saved (kWh/$) online saved (kWh/$) 

inventory savings 80 35 0.12 -58.8 60 20 0.14 -29.4 

Telework million kWh/yr million kWh/yr 
number 28% 15.0 9% 5.0 
avg days per week 3 2 
electricity savings -5,178 -77.7 -3,452 -17.3 

subtotal ICT-driven -198 -90 
subtotal non-ICT 1,448 1,448 
Total industrial 1,250 1,358 

EIA total industirial 1,436 1,436 

difference from EIA 
TWh -186 -78 
% -13 -5 

"SP = savings potential. 
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TWh/yr 
Total: 

2001 2006 
Reference Zaibatsu 

2021         2021 

Cyber- 
topia 
2021 

Net 
Insecurity 

2021 
Residential + 
Commercial + 
Industrial 

Computer, office, network 
equipment 

Other ICT equipment 
Process controls 
Building EMS 
E-commerce 
Telework 

118 

79 
-S 
-5 
-3 

-32 

148 

98 
-19 
^0 
-14 
-53 

222 

184 
-56 

-152 
-55 

-120 

246 

190 
-63 

-171 
-75 
-72 

199 

193 
-70 

-216 
-92 

-216 

261 

206 
-56 

-124 
-40 
-48 

Subtotal ICT-driven 
Subtotal non-ICT 
Total 

150 
3,273 
3,423 

119 
3,635 
3,755 

22 
4,608 
4,630 

55 
4,610 
4,665 

-203 
4,610 
4,407 

200 
4,610 
4,810 

EIA total 3,423 3,844 4,976 4,976 4,976 4,976 

difference from EIA 
TWh 
% 

0 
0 

-89 
-2 

-346 
-7 

-311 
-6 

-569 
-11 

-166 
-3 
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