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EXECUTIVE SUMMARY

This report describes a detailed end-use forecast of office equipment energy use for the US
commercia sector. We explore the likely impacts of the US Environmental Protection
Agency's ENERGY STAR office equipment program and the potential impacts of advanced
technologies. The ENERGY STAR program encourages manufacturers to voluntarily
incorporate power saving features into personal computers, monitors, printers, copiers,
and fax machines in exchange for allowing manufacturers to use the EPA ENERGY STAR
logo in their advertising campaigns. The Advanced technology case assumes that the most
energy efficient current technologies are implemented regardless of cost.

The main findings from our analysis are as follows.

Office equipment currently uses about 7% of all commercial sector eectricity, with
that fraction projected to grow to 7.6% by 2010. Total Electricity used by office
equipment is projected to grow from 58 TWh in 1990 to 78 TWh in 2010 in the
absence of ENERGY STAR or any other government policies.

Whiletotal energy use for office equipment has grown rapidly in recent years, this
growth is likely to slow in the next decade (even in the Business-as-usual case)
because the US commercia sector market is becoming saturated (especially for PC
CPUs and monitors) and because mainframe and minicomputer energy use per unit
is declining quickly.

The likely energy and dollar savings in the commercial sector from the ENERGY
STAR program are significant on a national scale. Total electricity savings will
range from 10 to 23 TWh/year in 2010, and will most likely be about 17 TWh/year
by 2010. The most likely level of savings represents the annual output of three
1000 MW power plants, and results in net benefits to society exceeding $1 billion
per year after the year 2000.

The cost of achieving ENERGY STAR efficiency levels is estimated by the
manufacturers to be negligible, while the cumulative direct cost of funding the
ENERGY STAR Program is on the order of a few million dollars. This policy
therefore saves US society large amounts of money with minimal expenditure of
public funds.

In the worst case, the ENERGY STAR programs should result in commercial sector
energy savings of about 10 TWh/year in 2010. Even in thiscase, energy and dollar
savings will substantially exceed expected coststo society.

The Advanced case demonstrates that significant additional savings may be
achieved from advanced technologies if these technologies can be reduced in cost
from current levels. This case results in savings beyond the ENERGY STAR Most-
Likely case of about 29 TWh/year by 2010. These savings are worth an additional
$2.3 billion per year in 2010.
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INTRODUCTION

This report describes a detailed end-use forecast of office equipment energy use for the US
commercial sector. It builds upon earlier work for the state of New York (Piette et al.
1995) and revises that work to reflect conditions for the US as awhole. The forecasting
methodology is used first to establish a baseline scenario and then to assess the projected
effects of, and uncertainties surrounding, the US Environmental Protection Agency's
(EPA's) ENERGY STAR office equipment program. It also investigates the potential
impacts of an "Advanced Technology" scenario, where energy saving innovations are
assumed to be pursued without regard to cost.

Policy Context

Office equipment became an important source of load growth for electric utilities in the
1980s, as personal computers and associated peripherals became widespread. For both
utilities and governments concerned with long-term energy planning, reliable estimates of
future changesin energy used by office equipment are essential.

Several programs and policies designed to reduce energy use by office equipment have
recently been adopted in the U.S. and Europe. Probably the most significant activity in the
U.S. is the U.S. EPA's ENERGY STAR office equipment program. This program,
announced during the summer of 1993, has ushered a new generation of power-managed
office technologies into the marketplace. Over 2000 models of computers, monitors, and
printers are now listed as ENERGY STAR qualified products. The EPA recently expanded
the program to include copiers and fax machines. To qualify as an ENERGY STAR PC or
monitor, the equipment must be able to reduce power consumption to 30 W or less during
idle periods (Table 1). Printer, copier, fax, and combination printer/fax machine power
requirements are a function of output speed.

Not all ENERGY STAR units are equal in their energy efficiency. Effortsto assess, specify,
and procure more efficient equipment are hampered by the lack of standard methods for
measuring and reporting the energy use of each device. Currently the EPA allows
manufacturers to conduct their own measurements, so the datain the EPA ENERGY STAR
product list has not been verified by independent tests. To address this void, the Energy
Policy Act of 1992 callsfor avoluntary national testing and information program for office
equipment. The Department of Energy has worked with representatives from the Council
on Office Product Energy Efficiency (COPEE) to develop such standards. However,
industry commitment to this processis uncertain.

A major reason for the rapid adoption of ENERGY STAR equipment in the markplace was
the signing of executive order (E.O. 12845) by President Clinton. Under this order, the
world's largest purchaser of office equipment, the U.S. government, is required to
purchase ENERGY STAR PCs, monitors, and printers. This market-pull strategy has had a
significant effect on the market penetration of ENERGY STAR equipment.

Similar activities to promote energy-efficient office technologies are underway in several
European countries and Japan (Dandridge 1994, Smith et a. 1994). Two notable activities
in Europe demonstrate the broad interest in reducing the energy use of office equipment.
First, the Swedish Board for Industrial and Technical Development (NUTEK) has
supported the development of power-managed monitors and is continuing to encourage
power management in several additional devices. It isalso sponsoring market surveysto



Table 1. ENERGY STAR PC, Monitor, Printer, Copier, and Fax Machine
Characteristics

Default Time Max. Power
Equipment to Low- in Low- Date
Category Power Sate Power Sate inForce
PC (without monitor) (1) na 30W mid 1993
Monitors (1) na 30W mid 1993
Printers and Printer/Fax Combos:
1-7 pages per minute 15 min. 15w 10ct 95
8-14 pages per minute 30 min. 30W 10ct 95
Color and/or >14 pages per minute 60 min. 45W 10Oct 95
Fax Machines:
1-7 pages per minute 5min. 15w 1 July 95
8-14 pages per minute 5min. 30W 1 July 95
>14 pages per minute 15 min. 45W 1 Jduly 95
Default time Max Power
to Low/Off Low/Off
Copiers-Tier 1 (2):
1-20 copiesper minute  NA/30 min. NA/SW 1 July 95
21-44 copies per minute  NA/60 min. NA/40W 1 July 95
>44 copies per minute (3)  NA/90 min. NA/40W 1 July 95
Copiers-Tier 2 (4):
1-20 copiesper minute  NA/30 min. NA/SW 1 July 97
21-44 copies per minute 15 min./60 min. (3.85 x cpm + 5W)/10W| 1 July 97
>44 copies per minute 15 min./90 min. (3.85 x cpm + 5W)/15W | 1 July 97

(1) Updated requirements for PCs and monitors went into effect 1 Oct 95. The update requires that the
equipment ship with the power saving features enabled and that those features must be tested in a networked
environment.

(2) There are no low-power requirements for Tier 1 machines (only off-mode power requirements).

(3) Additional Tier 1 requirements for copiers include default duplexing for copiers with speeds greater than
44 copies per minute (cpm). One double sided page = two copies.

(4) Additiona Tier 2 requirements for copiers include default duplexing for copiers with speeds greater than
44 copies per minute and arequired recovery time of 30 seconds for mid-speed copiers (this recovery timeis
recommended for high speed copiers).

(5) "NA" means "Not Applicable", which implies that no reguirement exists.

assess the progress in installing energy-efficient office equipment in Sweden (NUTEK
1995). Second, the Swiss Federal Institute of Technology recently announced target
standby and off-power levels for 1999 for PC CPUs, monitors, printers, fax machines,
and copiers that are much more stringent than the EPA's ENERGY STAR targets (McMahon
et al. 1995).

Purposes of This Study

In spite of the recent activity to promote energy efficiency in office equipment, assessments
of the potential impacts of these policies on energy use have, with few exceptions, been ad
hoc and relatively crude. This analysis draws upon industry forecasts and previous analysis
to assess potential savings from the ENERGY STAR Computers program and advanced
technology in the most detailed manner justified by existing data. It also documents the




calculations for use in end-use forecasting and policy analysis applications, and compiles
the relevant datain a systematic form so that others may build on our work.

Organization of the Report

The next section summarizes the methodology used in the calculations (further described in
Appendix A), and the Data Inputs section describes the myriad inputs required. The
Results and Discussion sections summarize the policy-relevant results and conclusions
emerging from our work. Finally, we outline several important areas for further study.

There are three appendices to thisreport. Appendix A describesin detail the methodology
used in the development of the spreadsheet used for the calculations in this study.
Appendix B contains instructions for obtaining the COMMEND 4.0 data file that was
developed during the course of this research. Appendix C contains a complete set of
briefing charts and tables for those wishing to present the results of our calculations for
other purposes.!

METHODOLOGY

The appendices to this report fully explain the methodology used here and note differences
between the approach taken in this study and that used for the New Y ork report (Piette et
al. 1995). We summarize the methodology briefly in this section. As described in
Figures 1 and 2, we created a spreadsheet model that explicitly treats changes in power
and usage for all relevant devicetypes. We estimated base year office equipment densities
by building type after reviewing recent surveys of office equipment ownership. These
sources include studies from the Pacific Northwest (ADM Associates Inc. 1992),
Sacramento, CA (ADM Associates Inc. 1990), New York (Michaels et al. 1990,
XENERGY 1989), and the US as a whole (US DOE 1994). Growth rates in these
densities are derived from industry forecasts of equipment sales (CBEMA 1994) and
estimated lifetimes for each type of equipment (IRS 1989). For certain equipment types
(PC CPUs, monitors, fax machines, and printers), industry projections extrapolated past
2005 would lead to numbers of devices per person that exceed reasonable levels (e.g., 2-3
PCs per person). We adjusted industry projected growth rates downward for those
equipment typesto reflect the likely saturation of such equipment in the commercial sector.

Power levels are estimated based on measured data, trade press assessments, personal
communications from industry participants, and from the ENERGY STAR requirements
themselves (Acquaviva and Hartman 1993, Arthur D. Little Inc. 1993, Dandridge 1994,
Froning 1994, L edbetter and Smith 1993, Lovins and Heede 1990, Nadel 1994, Newsham
and Tiller 1994, Norford et al. 1990, Rose 1993, Szydlowski and W. D. Chvala 1994,
Tiller and Newsham 1993). Usage for different types of equipment is derived from
surveys in Canada and the US (Szydlowski and W. D. Chvala 1994, Tiller and Newsham
1993). Finally, projected commercia sector floor areais taken from the US Department of
Energy's Annual Energy Outlook 1995 (US DOE 1995a).

1We sometimes refer in the main text to Tables or Figures that are in Appendix C. Such references appear
as "Table C-1" or "Figure C-2", and should not be confused with references to Tables and Figures within
the main text itself.



Figure 1: Calculation of Energy Use
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We combine these data to calculate unit energy consumption (UEC) for each type of
equipment from the estimated power levels and hours of usage. Device densities are
computed to be consistent with current and future commercial sector floor stock and
industry projections of equipment sales. The UECs are then multiplied by the device
densities and projected floor areain a given year for a given building type to get the total
energy use by building type and device type.

DATA INPUTS
Equipment Power Levels

Table 2 shows the power levels for each equipment type for each scenario from 1985 to
2012 (for adiscussion of the technologies corresponding to each power level, see Piette et
al. (1995)). We define four distinct operating modes for each type of equipment (except
for copiers, which have five operating modes):
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Figure 2. Calculation of Equipment Densities
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Active mode: This is the power of the device when in operation. For PC CPUs,
active power can vary somewhat when different peripherals are in operation.
Monitor power can aso vary depending on the image being shown.

Standby mode: This mode represents an intermediate state which attempts to
conserve power with instant recovery. The system isidle. If the device has no
standby mode, this power level isequivaent to that of the active mode.

Suspend mode:  This mode has the lowest power level (without being off) but has
alonger recovery time than for standby.

Plug mode: The power in this mode is that drawn by copiers when they are
switched off but still plugged in. This mode does not apply to other types of
equipment.

Off mode: The power in this mode is that drawn (essentially zero) when the device
is switched off, or for copiers when the device is unplugged.

The power levels shown in the Business-as-Usual case are the average for existing stock in
that year, and they follow alinear trend between the years. For example, the power for
PCs starts at 97W in 1985 and linearly dropsto 75W by 1991. It staysat 75W until 1994,
after which it linearly dropsto 55W by 1998. It continues at 55W thereafter.



Table 2: Equipment power by device type

2a—PC CPU Equipment Power

Year Active (W) Sandby (W) Suspend (W)
Business-as-Usual Sock
1985 97 97 97
1986 to 1990 linear trend linear trend linear trend
1991 to 1994 75 75 75
1995 to 1997 linear trend linear trend linear trend
1998 and onwards 55 55 55
Energy Star, New Equipment
1993 to 1999 40 25 25
2000 to 2002 linear trend 25 25
2003 and onwards 55 25 25
Advanced, New Equipment
1993 to 1994 40 25 25
1995 to 1997 linear trend linear trend linear trend
1998 and onwards 15 5 5
2b—Monitor Equipment Power
Year Active (W) Sandby (W) Suspend (W)
Business-as-Usual Stock
1985 28 28 28
1986 to 1990 linear trend linear trend linear trend
1991 55 55 55
1992 to 2000 linear trend linear trend linear trend
2001 and onwards 65 65 65
Energy Sar, New Equipment
1993 57 43 14
1994 to 2000 linear trend linear trend linear trend
2001 and onwards 65 51 14
Advanced, New Equipment
1993 to 1994 57 43 14
1995 to 1997 linear trend linear trend linear trend
1998 and onwards 23 5 5
2c—Laser Printer Equipment Power
Year Active (W) Sandby (W) Suspend (W)
Business-as-Usual Stock
1985 and onwards 250 80 80
Energy Star, New Equipment
1993 and onwards 250 80 25
Advanced, New Equipment
1993 to 1995 250 80 25
1996 to 1999 linear trend linear trend linear trend
2000 and onwards 120 7 5
2d—Serial Printer Equipment Power
Year Active (W) Sandby (W) Suspend (W)
Business-as-Usual Sock
1985 to 1990 45 15 15
1991 to 1999 linear trend linear trend linear trend
2000 and onwards 20 8 8




Table 2. Equipment power by device type (continued)

2e—Copier Equipment Power

Year Active (W) Sandby (W) Suspend (W) Plug (W)
Business-as-Usual Sock
1985 250 215 215 10
1986 to 1993 linear trend linear trend linear trend 10
1994 and onwards 220 190 190 10
Energy Star, New Equipment
1995 and onwards 220 190 150 10
Advanced, New Equipment
1995 to 1996 220 190 150 10
1997 to 2001 220 linear trend linear trend 10
2002 and onwards 220 100 100 10
2f—Fax Equipment Power
Year Active (W) Sandby (W)
Business-as-Usual Sock
1985 175 20
1986 to 1993 175 linear trend
1994 and onwards 175 35
Energy Sar, New Equipment
1995 and onwards 175 15
Advanced, New Equipment
1995 to 1996 175 15
1997 to 2001 175 linear trend
2002 and onwards 175 5
20-POS Terminal Equipment Power
Year Active (W) Sandby (W)
Business-as-Usual Sock
1985 and onwards 130 130
Advanced, New Equipment
1993 and onwards 70 10
2h—Mainframe Equipment Power
Year Active (W) Sandby (W)
Business-as-Usual Sock
1985 to 1990 25,000 12,500
1991 to 1998 linear trend linear trend
1999 and onwards 10,000 5,000
2i—Mini-computer Equipment Power
Year Active (W) Sandby (W)
Business-as-Usual Sock
1985 to 1990 3,500 1,750
1991 to 1997 linear trend linear trend
1998 and onwards 1,250 625




Some of the equipment types (serial printers, POS terminals, mainframes, and mini-
computers) don’t have ENERGY STAR or Advanced power levels, in which case we simply
used the power levels from the Baseline scenario.

Equipment Lifetimes

Table 3 shows the lifetimes assumed in this report, which represent the average economic
life of the equipment. The lifetimes for all equipment but mainframes and minicomputers
are taken from the Internal Revenue Service's Depreciation Tables, which show "lives" of
dozens of classes of commercial and industrial equipment (IRS 1989). Equipment lifetimes
for mainframes and minicomputers are implicit in the stock and sales numbers in the
Information Technology Industry Council (ITI)2 forecasts (CBEMA 1994), and we derive
them from that source.

These lifetimes, in combination with projected equipment sales, are used to calculate the
equipment stock in any year. Lifetimesare used in the forecast by assuming that equipment
put in servicein agiven year isall retired at the end of its average lifetime. This approach,
while crude, is a reasonable approximation in the face of the rapid turnover of the office
equipment stock.

There lifetime estimates are uncertain. In particular, it is not known what fraction of the
equipment actually lasts longer than these lifetimes, and how much of the equipment
"retired" by its first owners finds new uses in other institutions. Somewhat longer
lifetimes would reduce the speed at which new equipment penetrates the existing stock, but
probably only by ayear or two. Office equipment becomes obsolete so quickly that actual
lifetimes are unlikely to significantly exceed thosein Table 3.

Table 3: Average lifetimes for office equipment
Devicetype Lifetime (years)
PC CPUs
Monitors

Laser Printers

Serid Printers

Copiers

Fax machines

POS terminals
Mainframes

Minicomputers

COr~,OOOOORAS

Base Year Device and Occupant Densities

The derivation of the base year densities in this study is broadly consistent with the
methodology used in Piette et al. (1995). PC CPU densities are derived indirectly from the
monitor densities in the 1992 Commercial Buildings Energy Consumption Survey
(CBECS). The CBECS reports monitor densities that lump all terminals and monitors
together. We use the ITI estimate for sales of "extra" monitors (i.e., those used as stand-
alone terminals) and our lifetime assumption above to derive an estimate for the stock of

2The Computer and Business Equipment Manufacturers Association (CBEMA) has recently renamed itself
the Information Technology Industry Council (1TI).



extramonitorsin 1992. We alocate 25% of ITI's extra monitors to the industrial sector to
account for those associated with mainframe and minicomputersin that sector. We assume
that every PC CPU has a monitor and that extra monitors belong to mainframe and mini-
computers. We then subtract the stock of extra commercia sector monitors from the total
commercia sector monitors (from CBECS) to derive the stock and densities for PC CPUs
and associated monitorsin the commercial sector.

The densities for other equipment were chosen after reviewing a variety of sources (ADM
Associates Inc. 1990, ADM Associates Inc. 1992, Michaels et a. 1990, US DOE 1994,
XENERGY 1989), as summarized in Appendix A.

Forecasted Equipment Densities

Figure C-2 shows the equipment densities by building type for 1990, 2000, and 2010.
Offices have by far the greatest density of equipment, with base year densities afactor of
three to five higher than those in the other building types. The types of equipment in the
different building types also differ. Offices, hospitals, hotels, and retail show the vast
majority of installed units being PC CPUs, monitors, and printers, while groceries and
restaurants show point-of-sale (POS) terminals represent more than half of the number of
units of existing office equipment. Mainframe and minicomputer densities barely show up
on Figure C-2 because the number of unitsinstalled is small compared to other types of
equipment. However, the large UEC of the big computers results in a measurabl e fraction
of energy use being attributable to these computers. For each equipment type, the density
growth isthe samefor al the building types.

The equipment densities in offices and an assumed occupant density of 27.9 square meters
(300 sguare feet) per person implies the numbers of devices per person shown in Figure
3a. When we first calculated the densities using the ITI numbers, we found that the
numbers of devices per person for PC CPUs, monitors, laser printers, and faxes exceeded
what we thought were reasonable levels (Figure 3a). The forecasted densities of serial
printers, copiers, minicomputers, and mainframes did not exceed any obvious thresholds,
so we did not alter the industry forecasted growth rates for these equipment types. The
numbers for the PC CPUs and monitors were most excessive, indicating more than 3 PC
CPUs per person by 2010. We adjusted the post-1998 industry forecast growth rates
downward until the PC CPU and monitor densities per person saturated at just under 1.0
(Figure 3b) and the fax and laser printer densities per person saturated at about 0.2 and
0.4, respectively. Therevised growth ratesimply the stocks shown below.

The use of a constant 27.9 sguare meters (300 square feet) per person occupant density
represents a crude approximation. The current estimate from US DOE (1994) is that
occupant densities in offices are roughly 37 square meters (400 square feet) per person,
which includes al office buildings, both vacant and occupied. Because there are currently
on the order of 20% vacancy rates in offices, the floor area per person is close to 27.9
sguare metersin occupied offices. In addition, the occupant density is changing over time
as information technology continues to redefine the nature of the workplace, so any such
estimate is inherently uncertain. For these reasons, we chose to simply use the estimate of
28 square meters per person in our density calculations.



Figure 3a: Equipment Densitiesin OfficesUsing ITI Growth
Ratesin Sales Extrapolated Past 2004
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Figure 3b: Equipment Densitiesin Officesin This Study
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Units per person density assumes 300 square feet (27.88 sg. meters) per person. In our forecast, PC CPU
and monitor sales are assumed to grow at 2%/year after 1998, while serial printer, laser printer, and fax
sales are assumed to grow at the same rate that floor stock grows (about 1.5%/yr) starting in 1998. ITI has
no forecast for POS terminals, so we assume that they grow at the same rate as PC CPUs until 1998 and
then grow at 1.5%/year thereafter. 1 square meter = 10.76 sguare feet.
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Equipment Stock Forecast

We developed our stock forecast in an iterative manner. First, we used the ITI growth
rates of equipment sales with our device lifetimes and base year densities to create a stock
forecast. We modified the base year densities so that the stock forecast resulted in about
1/4 of ITI's stock of copiers, faxes, and minicomputers, 10% of the mainframes, 50% of
the seria printers, and about 1/3 of the laser printers being outside the commercia sector.

We then assessed in offices the implied number of devices per person for thisforecast. We
modified the ITI growth rates as discussed above for PC CPUs, monitors, laser printers,
and faxes (see Figure 3a and 3b) and calculated total device densities for each equipment
type and building type, as shown in Figure C-2. Multiplying these densities by the
projected floor area gives the total equipment stock in our forecast.

Table 4 summarizes our final estimates of equipment stock for the US commercial sector.
After the mid-1990s we adjust the ITI growth rates in stocks to account for saturation of
demand for PC CPUs, monitors, laser printers, and fax machines, which is why our
forecast of stocks for those devices differs from aforecast based solely on ITI growth rates
in later years.

Table 5 shows estimates of PC CPU stock by sector as estimated by Dataquest (1993) in
comparison to the PC CPU stock estimated for the commercia sector in our study. Our
commercial sector stocks are comparable to theirs, though there is significant uncertainty
about the residential stocks. For example, the US DOE's Residential Energy Consumption
Survey estimated the total number of computersin homesin 1990 to be 14.8 million units
(US DOE 1992), more than twice the estimate from Dataquest for that year. Future
Computing/Datapro Inc, as cited in the Statistical Abstract of the US 1990, estimated total
home PC ownership in 1985 of about the same magnitude (14.9 million) as shown in
RECS for 1990, and estimated that growth by 1988 had brought the total home PC CPU
stock to 22.4 million. This same source cited total workplace PC CPU ownership (less 5%
assumed to be in industry) to be about 22 million in 1988, which is consistent with the
estimate for the commercia sector used in this study and with the Dataquest estimate
summarized in Table 5.

Certain definitional problems lead to differences between estimates. The I Tl estimates for
PC CPUs exclude laptops and computers systems costing less than $1000 (which
presumably excludes many but by no means all home machines). Some respondents to the
various surveys may be imprecise in their responses (listing game machines as personal
computers, for example). In any case, as home offices become more prevalent and as the
more powerful computers are commonly used in the home, the distinctions currently used
by the various surveys and analyses will become more and more imprecise. Detailed
tracking of sales data are required to allow compilation of a complete stock and flow
assessment of where PC CPUs are installed and used. Such tracking becomes even more
crucia in the face of the likely saturation of demand for PC CPUs in the commercial sector
over the next decade (see below).
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Table4: Equipment stocks (millions of units)

PC CPUs Monitors: PCs  Monitors: other Mainframes Minicomputers

1988 20 20 6.5 0.083 10
1989 22 22 7.2 0.086 11
1990 24 24 7.8 0.087 12
1991 26 26 84 0.089 12
1992 29 29 8.9 0.091 13
1993 33 33 9.3 0.092 13
1994 37 37 95 0.092 14
1995 41 41 9.6 0.093 14
1996 46 46 9.7 0.093 14
1997 49 49 9.8 0.093 15
1998 51 51 9.9 0.092 15
1999 53 53 10 0.090 15
2000 54 54 10 0.088 15
2001 55 55 10 0.086 16
2002 57 57 11 0.084 16
2003 58 58 11 0.081 1.6
2004 59 59 11 0.079 16
2005 60 60 11 0.077 17
2006 62 62 11 0.074 17
2007 63 63 11 0.072 17
2008 64 64 12 0.070 18
2009 66 66 12 0.068 18
2010 67 67 12 0.066 18

Laser Printers Serial printers Copiers Faxes POS
1988 15 15 5.1 17 43
1989 26 17 55 2.8 45
1990 43 18 5.7 41 5.0
1991 6.5 19 6.0 5.4 54
1992 9.2 20 6.2 6.8 6.0
1993 12 20 6.4 8.1 6.7
1994 16 21 6.6 9.1 7.7
1995 19 21 6.8 10 8.7
1996 22 22 7.0 11 9.6
1997 24 23 7.3 12 10
1998 26 23 7.6 12 11
1999 28 24 7.8 13 11
2000 29 24 81 14 12
2001 30 25 84 14 12
2002 30 25 8.7 14 12
2003 31 26 9.0 14 13
2004 31 26 9.3 15 13
2005 32 27 9.6 15 13
2006 32 27 9.9 15 14
2007 33 28 10.2 15 14
2008 33 28 10.6 16 14
2009 34 29 11.0 16 15
2010 34 29 113 16 15

(1) Stock growth rates until 1998 are calculated from our base year densities, the ITI/CBEMA (1994) forecast
of the growth rate in equipment sales, and the lifetimes shown in Table 3.

(2) PC CPU and monitor sales are assumed to grow at 2%/year after 1998, while serial printer, laser printer,
and fax sales are assumed to grow at the same rate that floor stock grows (about 1.5%/yr) starting in 1998.

ITI has no forecast for POS terminals, so we assume that they grow at the same rate as PC CPUs until 1998
and then grow at 1.5%/year thereafter.

(3) PC CPU stocks exclude units costing less than $1000, handheld computers, and | aptops.
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Table 5. PC CPU stocks by sector (millions)

From Datagquest This study

Home Industry Commercial Total commercial
1990 6.5 1.3 24.9 32.7 24.2
1991 7.0 1.4 26.7 35.1 26.2
1992 7.6 15 29.1 38.2 28.9
1993 8.5 1.7 324 42.6 325
1994 9.7 2.0 37.1 48.7 36.7
1995 10.8 2.2 40.9 53.9 41.4
1996 11.8 2.4 44.9 59.1 45.6
1997 12.8 2.6 48.8 64.2 48.7

(1) Sectora breakdown between home and non-home use stocks from Dataquest 1993.

(2) Dataquest only reports "non-home" stocks. To estimate commercial sector stocks
implied by the Dataquest data, we assume that 5% of non-home PC CPUs go into the
industrial sector and 95% go to the commercial sector.

Equipment Usage

Figure 4 shows our estimates of the percentage of the year each type of equipment spends
in each of the various operating modes, taken from Piette et al. (1995). All types of
equipment but copiers have four operating modes (active, standby, suspend, and off).
Copiers have an additional mode (called "Plug” in Figure 4) because the equipment draws
power even when it is switched off.

The percentage of time the equipment is in each operating mode is assumed to remain
constant across the main scenarios (we explore the effect of changes in usage in the section
on sensitivity cases, below). The only exception to thisrule is copiers, where the ENERGY
STAR and Advanced cases assume that all copiers have an "auto-off" function so the
devices spend less time in Suspend mode and more time in Plug mode than in the Baseline
case. PC CPUs, monitors, and printers all operate about 3000 hours per year, while
copiers operate 3000-4000 hours/year in Active, Standby, or Suspend modes. POS
terminals operate about half the year (4400 hours) while mainframes, minicomputers, and
fax machines operate for just about the entire year.

Unit Energy Consumption

Figure 5 shows unit energy consumptions (UECs) for the different equipment types. The
UECs are calculated from the power levels given in Table 1 and the operating hours in
Figure 4 using Equation 1 (this equation is modified as appropriate to calcul ate energy use
for copiers, which have the additional "Plug" operating mode):

(A . an. . |
UEC; = 1 X (Ai X HA SE13(.)8<OHSB| SP; x HSP;) "
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UEC = Unit Energy Consumption for equipment typei (kWh/year)
i= index for office equipment type (e.g., PC CPUs, monitors, €tc.)

= Peak power use of equipment typei (W/unit)
HA = Hours of operation in active mode for equipment type i (hours/year)
HSB = Hours of operation in standby mode for equipment type i (hours/year)
HSP = Hours of operation in suspend mode for equipment typei (hours/year)

= Average active mode power as a percent of peak for equipment typei (%)

=  Average standby mode power as a percent of peak for equipment typei (%)

SP = Average suspend mode power as a percent of peak for equipment typei (%)

Figure 4. Usage by device type (% of year)
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Figure 5: Unit Energy Consumptions by Machine Type
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Typical baseline UECs for PC CPUs in 2005 are about 170 kWh/year, with ENERGY STAR
equipment reducing this by slightly less than 50%, to 90 kWh/year. Most of this reduction
is attributable to savings in the Standby and Suspend modes, with only a slight reduction
attributable to savings in Active mode power. Baseline PC CPUs show reductions in
UECs relative to the 1990 stock of about 30%, from 240 kWh/year to 170 kWh/year,
which is caused by reductions in microprocessor and peripheral power use for desktop
machines. These improvements have been driven by the economics of chip manufacturing
as well as by the manufacturer's desires to fit more peripherals into smaller spaces (an
effort that requires heat reductions and hence efficiency improvements).

Monitors show increasing UECs in the 2005 baseline relative to the 1990 stock. This
increase is caused by the shift towards the almost universal use of color screens (and larger
screens). Relative to the 2005 baseline, the ENERGY STAR case shows a UEC reduction of
about 30%, which is mainly the result of areduction in Suspend mode power use. Active
power useis not affected.

Laser printers show reductions in UECs of more than 50% in the ENERGY STAR case
relative to the 2005 baseline. These reductions are entirely the result of reductions in
Suspend mode use. Active and Standby mode power use are not affected.

The UEC results for copiers are similar to those for printersin that only Suspend mode use
is affected by the ENERGY STAR program. Savings are about 30% relative to the 2005
baseline UEC.

Fax machines show about a 50% reduction in UEC relative to the 2005 baseline, with all of
those savings coming from reductions in Standby mode power.

Minicomputer and mainframe UECs have been faling for years, as more and more of the
functions previously handled by peripherals are integrated into fewer and fewer chips.
Heat is an especially important issue in these machines (it reduces equipment lifetime), and
the manufacturers have for this reason pushed to reduce energy use. We therefore expect
2005 baseline machines to show reductions in UECs of greater than 50% relative to the
1990 stock. UECsin Figure 5 only include direct power use of the computer equipment,
and not any associated cooling energy required to keep the machines at their requisite
temperatures. As smaller and smaller machines (especially parallel processing machines)
take over the tasks previoudly assigned to large mainframes, the issue of secondary cooling
will become less and less important for such computers.

The advanced scenario shows reductions in UECs relative to the ENERGY STAR case of
about 75% for PC CPUs and monitors, 20-40% for copiers and fax machines, and about
60% for laser printers and POS terminals. This scenario does not consider costs, so it is
only an estimate of what is technically possible, not what is practically or cost-effectively
achievable.

Business-As-Usual Energy Use Intensities

Energy Use Intensities (EUIs) are simply the product of UECs and densities. Figure C-6
shows those intensities. As expected, offices have by far the largest overall intensities,
totalling about 24.7 kWh/sguare meter/year (2.3 kWh/square foot/year) over the analysis
period. By 2010, PC CPUs, monitors, and laser printers contribute the lion's share of
electricity intensity in offices (this result also holds for hospitals, schools, hotels, and
miscellaneous). POS terminals are responsible for the vast mgjority of energy use intensity
in restaurants and groceries, with the share of POS terminals growing substantially in retail
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(from about one quarter in 1990 to more than half in 2010). The contribution of mainframe
and minicomputers to energy use intensities is declining substantially over time for all
building types, as this equipment is replaced by more powerful desktop units in client-
server installations. Faxes, copiers, and serial printers account for a relatively small
proportion of EUI in most building types, though in absolute terms the energy used by
these devices can be significant in the aggregate.

Floorspace Projections

The floor areas by building type over time are given in Figure C-3. Floor area projections
for the 1990 to 2010 period are taken from the Annual Energy Outlook 1995 (US DOE
1995a, US DOE 1995b). This source gives projected commercial sector floor area by
building type. Retail, offices, miscellaneous, warehouses, and schools are the largest
building types, in that order. The aggregate floor area of hotels, hospitals, restaurants, and
groceriesis significantly smaller than that of the first group of building types.

Equipment Stock

Multiplying the floor area by the equipment densities gives the total stock in millions of
units, as shown in Figure C-4. Results by building type mimic those for densities.

Sales of ENERGY STAR Equipment

Table 6 contains our estimates of the penetration of ENERGY STAR-compliant office
equipment by device type for all ENERGY STAR scenarios. By the year 2001, all devices
sold in the US are assumed to meet or exceed ENERGY STAR levels. Copier and fax
machine penetrations reflect the later start dates for the programs affecting these device
types, but these programs ramp up rapidly.

Table 6: Estimated sales of ENERGY STAR-compliant equipment (% of
sales)

Laser

PC Monitor Printer Copier Fax
1992 0% 0% 0% 0% 0%
1993 15% 15% 10% 0% 0%
1994 26% 26% 50% 0% 0%
1995 38% 38% 90% 10% 10%
1996 49% 49% 100% 20% 50%
1997 61% 61% 100% 40% 100%
1998 72% 72% 100% 80% 100%
1999 83% 83% 100% 90% 100%
2000 95% 95% 100% 100% 100%
2001 100% 100% 100% 100% 100%

Currently only asmall fraction of ENERGY STAR CPUs and monitors ship with the power
saving features enabled, but this is expected to change because the new ENERGY STAR
memorandum of understanding (MOU), which requires all devices to ship enabled, took
effect in Fall 1995. We expect that most of the early technical issues surrounding ENERGY
STAR equipment will have been overcome by 2000 and that the energy saving features will
be built into the equipment as a matter of course. Table 7 shows the percentage of
ENERGY STAR Compliant equipment that we assume will be enabled in our various
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ENERGY STAR cases (see below for descriptions and forecasting results for each of these
cases). These percentages are applied through the entire forecast period.

Table 7: Percent of ENERGY STAR Compliant Equipment Sold Assumed to
be Enabled (By Policy Case)

Laser
PC Monitor Printer  Copier Fax
ENERGY STAR - Current Practice Continues|  10% 10% 100% 50% 100%
ENERGY STAR - Worst Case 25% 50% 100% 5% 100%
ENERGY STAR - Most-Likely Case 50% 70% 100% 90% 100%
ENERGY STAR - Best Case 100% 100% 100% 100% 100%

RESULTS

Figure 6a summarizes the results for the Business-As-Usual, ENERGY STAR Most-
Likely, and Advanced scenarios. It shows commercial sector floorspace, EUI, and
TWhlyear, normalized to 1990. Floorspace is projected to grow by 33% over the 20 year
analysis period. EUlsin the Business-As-Usual case go down dlightly through the mid-
1990s, and are stable through the rest of the analysis period. Total TWh growth by 2010 is
less than the growth in floorstock because of the declinein EUIs.

Figure 6b shows the same trends for office equipment without mainframes or
minicomputers. Thisfigure revealsthat the decline in overall EUI in the mid- to late-1990s
is caused entirely by declines in the energy used by the larger computers. EUIs for the
other equipment are growing rapidly through the late 1990s, and total energy is
experiencing substantial growth throughout the analysis period.

The ENERGY STAR Most-Likely case, total office equipment EUIs decline about 30% by
2000 and are roughly constant after that time. This declinein EUIsis enough to keep total
office equipment energy consumption at about 1990 levels through the year 2010.

The Advanced case, which illustrates the outer range of technological options without
regard to cost, shows declinesin EUI of more than 50% by just after 2000. Thisdeclineis
more than enough to compensate for the growth in commercial floor space, resulting in
total energy use in 2010 of about 55% of 1990 levels. Thislevel of energy use probably
represents 