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Energy use in the United States increased nearly 40% from 1970 to 2000 (USBC,
2001). Projectionsarethat it will increase by an additional 40% by the year 2020. Thefinite
energy resources of petroleum, natura gas, cod, and other mined fuels provide the U.S. with
about 93% of its energy needs at a cost $567 hillion per year (USBC, 2001). With increasing
energy shortages and prices, this growth over the next 2 decades cannot continue (Ableson,
2000; Duncan, 2001).

The United States now imports more than 60% of its oil at an annua cost of about $75
billion and isthe mgor trade imbaance (USBC, 2001), and the U.S. has dready consumed
from 82% to 88% of its proved oil reserves (API, 1999). Projections are that the U.S. will
have to import from 80% to 90% of its oil within 20 years, based on genera production,
import, plus consumption trends and forecasts (USBC, 2001; BP, 2001; M. Energy Rev.;
2001; W. Y oungquist, persona communication, 2002, consulting geologist, Eugene, Oregon).

The entire U.S. economy, standard of living, and indeed nationd security depend on the
availability of large quantities of fossl energy. Each American uses nearly 8,000 liters per year
of ail equivdentsfor al purposes, including transport, industry, residentid, and food (USBC,
2001). Furthermore, with the U.S. population adding 3.3 million people per year and projected
to double in 70 years, providing energy resources will be increasingly difficult (USBC, 2001,
Ferguson, 2001; Pimentd et al., 2002a).

The growing imbaance in energy supplies and growing energy use, sgndsthat the U.S.
faces a serious and escalting energy crisis (based on datain USBC, 2001). Thisandyss



focuses on current energy expenditures and opportunities to reduce U.S. fossil fuel consumption
while maintaining a viable economy, environment, and continuing to protect nationa security.
1. TRANSPORTATION

The trangportation sector isthe largest sector for petroleum consumption in the United
States, with an estimated 26.4 quads (1 quad = 10" BTU = 0.25 x 10" kcal = 1.05x 10" J=
291 x 10° kwWh) consumed each year (DOE, 2000a). At the current growth rate of 2.3% per
year, the total amount of oil consumption for trangportation is projected to double in just 30
years (USDOT, 1999).
1.1 Passenger Vehicles

The 130 million cars driven by Americans are the largest consumers of fud ail, an
estimated 272 hillion literslyear (72 billion galons) (USBC, 2001). Inthe U.S., approximately
78 million trucks consume dightly less than haf the amount used by cars, or 120 billion
liters'year (USBC, 2001), while busses consume about 4 hillion liters'year (USBC, 2001).

The average car uses 2,007 literslyear (531 gdlons), and the average fudl economy is9
kmliter (21 mpg) (USBC, 2001). Using proven engine design technologies and atime horizon
of 10 years, fuel economies ranging from 32 to 41 mpg could be achieved (Greene and
DeCicco, 2000). Such improved fud-dficiency would result in consumer savings of about
$329 hillion in direct gasoline costs at $0.40/liter ($1.50/gal). In addition, the U.S. economy
would save gpproximately $54 hillion in indirect, or externa cogts, from secondary effects such
as reduced carbon emissions and reduced reliance on foreign oil imports (NAS, 2001).

Assessments of the introduction of new technologies into the automobile fleet suggest that
15 years are required for the technology to become fully integrated (USEPA, 2001). Projecting
agraght-line 6.6% annua adoption in fuel efficient technologies over 10 years, the tota
potentia fuel savings obtained by averaging alow and high estimate is gpproximately 559 hillion
liters (148 hillion gdlons) of gasoline for trucks and 215 billion liters of gasoline for cars (NAS,
2001). Thistota of 775 billion liters represents a saving of nearly 25 quads.

There are gpproximately 748 billion liters of gasoline available from ANWR (Arctic
Nationa Wildlife Refuge) based on the fact that nearly 72 liters of finished gasoline on average
is produced from 159 liters (42 gdlon barrel) of oil (DOE, 2001ab,). The gpproximately 775
billion liters of gasoline that could be conserved by increased vehicle fud economy by 2011



would more than replace the amount of ail that could be extracted by opening the ANWR to
drilling.

Growing congestion and gridlock on U.S. highways are increasing fud consumption by
cars, trucks, and buses and thereby reducing the productivity of the U.S. economy. For
indance, each year in the Los Angeles metropolitan area 684,000 hours of |abor arelogt to
vehicle congestion (USBC, 2000). This costs the region about $12.5 billion for fuel and labor
costs (TT1,2001). On average, highway congestion in 70 metropolitan areas resultsin an annud
delay of 40 hours per driver per year (TTI1,2001). Those hours spent in traffic with the engine
idling waste 318 liters of fud per driver and cost each driver nearly $1,000 per year.

Simply to maintain a steady date of congestion, between 3% and 5% of vehicleswith
single driversin operation need to convert to car pools or switch to public transportation
annudly (TTI, 2001). Condder that gpproximately 97 million people drive to work done
(USBC, 2000). If only 1% of these individuas switched to public transport, 2.2 billion liters of
gasoline and 39 million hours of lost productivity could be saved per year, if highway congestion
were reduced.

If increased mileage targets for both cars and light trucks were achieved, thiswoud
provide societal benefits in reduced greenhouse emissions, reduced national security costs,
reduced oil imports, and improved environmental quaity (OTA, 1994)

The various improvements mentioned, if implemented, could save an estimated 5 quads
per year in U.S. energy consumption during the next decade.

1.2 Freight Transportation

Freight transportation isamgor sector in the U.S. economy and uses a significant
quantity of energy, about 6 of the 26.4 quads consumed by transportation each year (OTA,
1994). Trucks account for about 80% of the 6 quads of energy in the transportation sector
and transports about 30% of total U.S. goods, typicaly characterized as non-bulk cargo, like
food supplies (OTA, 1994; USBTS, 2000). Generdly trucks, are used to transport goods
relaively short distances or about 715 km (USBTS, 2000), and are relatively expengvein
terms of energy used, requiring 0.82 kWh/torn/km, and costing about 16 ¢/tonvkm (Table 1).

Railroads account for another 30% of the goods transported in the United States (OTA,
1994; USBTS, 2000). The average distance of goods transported by rail is 1345 km (USBTS,



2000). In comparisonto trucks, railroads primarily accommodate bulk productsthat are
shipped long distance in larger quantities. Ralil transport is about 6 times more energy efficient
than trucks, requiring only 0.07 kWh/ton/km and costing only 1.4¢/ton/km (Table 1).

Ships carry about 30% of al U.S. freight shipments of crude ail, refined petroleum
products, and combined crude and petroleum products (USBTS, 2000). Ships demonstrate
energy efficiency in the trangport of goods, requiring 0.10 kWh /ton/km and costing only
0.46¢/ton/km (Table 1). Although more economical in the trangport of goods than either trucks
or rall, ships are rdlatively dow.

While petroleum and its products remain one of the primary commodities trangported
by maritime shipping, pipelines efficiently trangport in the oil and naturd gas, accounting for 60%
to 70% of oil shipmentsinthe U.S. (USBTS, 2000). Compsetitive with water freight transport,
pipeline trangportation for these energy supplies cogts 1.2¢/ton/ kWh, with an efficiency of 0.21
kWh/ton/km (Table 1).

Air cargo isthe mogt energy-intensive mode of freight trangport requiring 63 kwh/km
and cogting 53¢/torvkm (Table 1). Though airfreight transportation accounts for only 1% of
total freight transportation energy use (OTA, 1994), it transports goods the longest distance of
al freight modes, averaging 1,400 km (USBTS, 2000).

Shifting to dternative or multiple freight modes are potentia areas for improvementsin
energy-efficiency. If al the 490 hillion torvkm of long-distance truck traffic shifted to rail, net
savings would equd 0.2 quads when only considering propulsion energy (OTA, 1994).
However, because of implications surrounding goods and demand of manufacturers and
consumers with respect to time, availability, and nature of the product, different modes are
difficult to compare.

Improving efficiency in freight transport by trucks is targeted as a mgor potentia
contributor to savingsin energy. Demondration runs combining commercidly available
technology, highly trained drivers, and ided operating conditions yield efficiencies 50% to 70%
greater than exigting transport (OTA, 1994). If dl heavy trucks achieved thisleve of energy
efficiency, energy use would decline about 0.9 quads or 15% in tota freight transport energy
use, assuming that the most efficient trucks available are used (OTA, 1994).



Current data suggest that trucks average about 2 literskm whereas President Clinton's
objective was to reach an efficiency of about 9 krvliter by 2010 (Wilson, 1999). If truck
mileage average quadrupled, about 79 billion liters of fud (2.5 quads) could be saved along with
about $25 hillion every year (Wilson, 1999).

Various esimates for the annua cost of truck idling due to traffic congestion and other
idling activities demongtrate Sgnificant losses in profit and efficiency. For example, it is estimated
that U.S. long-haul Class 7 and 8 trucks typicdly idle from 1,800 to 2,600 hours per truck per
year (Leavitt, 2001). In essence, if atruck idles 8 hours per day for 325 days (2,600 hours) of
the year, it runs the equivaent of 29.000 km, burning about 8.845 liters of diesd (at 4.9 liters
per hour) (Leavitt, 2001). Truck driversidle their enginesto either keep warm during the winter
or keep cool during the summer. Severa technologica dternativesto idling have emerged, such
as AC power, direct-fired heaters, engine idle shutdown systens, and auxiliary power units and
generators. Idedly, if dternative technologies for idling are established, warranting 100%
reduction in fue consumption, a savings of 0.6 quad would result (USBTS, 2000).

In sum, grategic regulation, policy, and improved energy efficient technology may reduce
truck transportation energy use up to 1 quad each year. Additiona reductions are possible by
energy-€efficient innovations developed for dternative modesincluding air, pipeline, rail, and
water.

2. BUILDINGS SECTOR

Buildings account for over athird of the totd primary energy consumptionin the U.S.
(ORNL, 1997). Significant energy savings are possiblein both the resdentia and commercia
sectors. Using cost effective technologies, energy use in the resdentia sector can be sgnificantly
reduced, new commercia buildings can reduce their energy demand by 50%, and existing
buildings could achieve a 20% reduction per year (Harris, 2002).

2.1 Heating and Cooling-

Residential- Approximately 9 quads of primary energy used yearly in the United Statesis
expended for the space heating and cooling of 103 million households (DOE, 1999; USBC,
2001). Thisismore than 50% of al energy consumed for dl purposes in the residentia sector.
Although energy conservation and efficiency have improved sgnificantly over the past 50 years
(DOE, 1997), there remains dgnificant potentid for future energy savings.



Consderable energy used in resdencesislost. For example, an estimated 20% to 40%
of home heeting and cooling energy escapes through lesksin the building shell (Heedeet d.,
1997; Horman, 1991). Conservation practices, such as caulking and westher-striping can
reduce wasteful air leaks from 20% to 50%, with minima investments (Hafemeister and Wall,
1991; DOE/OBT, 1999; Wilson and Morril, 1998). Air ducts located in uninsulated crawl
spaceslose between 10% and 40% of heating and cooling energy (Cumming et d., 1990;
Sherman, 2001). Advanced aerosol-based sedling technology can reduce air lesks by 60% to
90%, and save up to 1 quad each year nationwide (CBECS, 1995).

The mgority of the homes are under insulated, with an estimated 22% of U.S. homes
lack wall insulation and 12% lack celling insulation (OTA, 1992). If dl resdentid buildingsin
the U.S. were insulated to current model energy code standards, an estimated 1.9 quads of
primary energy could be saved each year (NAIMA, 1996). The marginal cost of such
insulation in anew home averages $1,160, a cost that isreturned in less than 10 years (ASE,
2001). In addition in home congruction, vinyl siding and windows reduce energy consumption,
saving the average homeowner $150 to $450 each year on hesting and cooling costs compared
to other types of windows (APC, 2001).

An estimated 25% or 1.7 quads of resdentid heating and cooling energy islost through
the windows (Bevingnton and Rosenfeld, 1990; Carmody et ., 1996) Window designs on the
market today are more than 4 times more efficient than those sold 30 years ago (Carmody et
a., 1996). Within 10 years, the accderated indalation of energy efficient window technologies
during new construction and re-modeling projects would reduce yearly energy losses by 25%
(0.43 quads) annually (Frost et d., 1996).

Emerging window designs that combine high-insulating vaues with dectrochromic
technologies, that respond to dectric current, temperature, or incident sunlight to control the
admission of light energy are even more promising sources of potentid energy savings (Roos
and Karlsson, 1994). This new technology has the potentid to transform resdential windows
from a$26 billion lossto only a $5 hillion loss per year for U.S. homeowners as reduced |oss
of winter heat and summer cooling energy would more than pay for the window costs within a
short period (Frost et d., 1996).



At present only about 0.3 quads of energy per year are being saved by technologies
that employ passive and active solar heating and cooling of buildings (Pimentel et d., 2002b)
Implementing current technologies and added improvements in passive solar technology will
make this gpproach more effective and less expengve (Busch and Meier, 1986) -- especidly in
the new home market. For example, a super insulated, passive solar home built in Davis,
Cdlifornia used 65% less heating and 100% less cooling energy, while costing $4,500 lessto
congtruct than atypical new home (Kolderup, 1996).

Asapart of new home construction, the use of new trangparent materids in windows
makes possi ble the transmission of from 50% to 70% of incident solar energy while a the same
time contributing insulating vaues typicad of 25 cm of fiberglass insulation (Chahroudi, 1992;
Twidddl et a., 1994; Forest, 1991). Such materias have awide range of applications beyond
windows, including home heating with transparent, insulated collector-storage wals and
integrated storage collectors for domestic hot water (Wittwer et a., 1991).

Over one-third of U.S. homes are heated with naturd gas furnaces which have an
average efficiency of only 65% (OTA, 1992; Kilgore, 1994). Y et furnaces are available today
with efficiencies of 96% (Kilgore, 1994). It takes aslittle as 9 yearsto repay the costs of
replacing an old gas powered furnace with an efficient one (Cohen et d., 1991).

In only 50% of U.S. households is the heet turned down at night during the winter (Heede
et d., 1995; Florman, 1991). Smply lowering the night temperature at  reduces household
energy used for heating about 17% (about 1 quad) per year in northern climates (Socolow,
1978).

Over 72% of new homes have air conditioners (Latta, 2000). Air conditioners are
available that are 70% more efficient than the average unit sold today (Thorne, et d., 2000). A
30% increase in the average efficiency of air conditioners sold would save 0.5 quads annudly in
about 10 years and reduce consumer dectric bills (Thorne et a., 2000).

Thus there are many techniques available to reduce heating and cooling losses in homes.
New congruction and remodeling can reduce energy consumption and save money. If energy
conservation and efficient technol ogies were implemented, an estimated 3.3 quads per year
would be saved in the next 10 years. The 3.3 quadsis about 1.5 times the totd amount of ail
that is currently produced in Alaska each year (USBC, 2000).



Commercial- Opportunities for the reduction of heating and cooling energy usein the
commercia sector exist through increased implementation of energy efficient building shell and
space conditioning technologies (Davis and Swenson, 1998). For example, at least 20% of
commercid buildings are under insulated (ACEE, 1996). Upgrading al commercid buildingsto
insulation standards could potentidly save 0.3 quad annualy (NAIMA 1997). Advanced
computerized energy management systems can increase energy efficiency by an estimated 25%
to 50% (ACEEE, 1996) The use of light colored roofs and trees for shading of buildings could
potentidly save an estimated 20 GW/year in eectricity by 2015 (ACEEE, 1996). With about 9
quads of primary energy currently used in the commercid sector, gpproximatdy 2 quads of
energy could be saved per year by implementing the energy efficient technologies and practices
discussad in this section (Levine et al., 1996).
2.2 Equipment and Appliances

The federad government has made sgnificant contributions to energy efficiency in
equipment through the Energy Star standards program. The current standards (commercid and
resdentia) are projected to have resulted in savings of 4.2 quads by 2020 and, as of 2000,
have cut U.S. dectricity use by 2.5% or about 0.9 quads (ACEEE 2001). Theinclusion of
additiona standards for 13 gppliances and other equipment not yet covered could save an
added 0.72 quads per year by 2010 and reduce projected energy growth by 20% (ACEEE
2001). Inaddition, if al consumers selected Energy Star products over the next 15 years, they
would save about $7 billion per year (Webber et d., 1998). Manufacturers acknowledge that
the cost to achieve Energy Star efficiency levelsis negligible (LBNL, 1995).
Residential- About 8 quads of primary energy (electricity) are used annudly to run gppliances
in the 103 million U.S. households (USBC, 2001). Taken together, appliances account for
approximatdly 22% of eectricity consumption in the U.S. resdentia sector (RECS, 1995).
More than 99% of al households have a refrigerator, more than 97% operate a water hegter,
and a sgnificant number have washing machines (77%), clothes dryers (70%), dish washers
(50%), and freezers (33%). Based on the rdlatively rapid turnover of home appliances, most
appliances will be replaced with more energy efficient models within a decade (RECS, 1995;
Haase, 2001).



Currently, even though equipment prices have risen modestly since the implementation of
Energy Star sandards, for every dollar invested for an energy efficient gppliance, the consumer
saves $3.50 in energy (Koomey, et d., 1998; IEA, 2000). In other words, the benefits are
more than 3 times the costs on a net present value basis--yidding an estimated $50 billionin
energy cost savings between 1990 and 2000 (LBNL, 2000). In addition, each dollar of federa
expenditure on implementing the appliance standards contributes $165 of savingsto the U.S.
economy between 1990 and 2010 (Koomey et a., 1997).

Appliance standards rank with automobile fuel economy standards as the two most
effective federd energy-saving policies (ACEEE, 2000). According to analyses by the DOE
(2000a), these standards have reduced U.S. eectricity use by 2.5% (88 billion kWh) by 2000.
At present, gppliance standards are saving about 1.2 quads annualy (ASE, 2001). Asold
appliances and equipment wear out and are replaced, savings from exigting standards will
seadily grow. By 2010, savings will total more than 250 billion kwh (6.5% of projected
electricity use), and reduce current peak demand by gpproximately 66,000MW or a7.6%
reduction.

Evidence of the positive effect sandards have had on energy efficiency is most
gpparent in the refrigerator market. 1n the early 1970s, the average U.S. refrigerator used just
under 2,000 kWh per year, while the average consumption of the newly designed refrigerators
in 1998 used around 500 kKWh per year (George et ., 1994; DOE, 2001c). Thus, upgrading
refrigerators has the potentia to save 1.4 quads per year of primary energy and saving over
$120/year for consumers who replace a vintage model with a product that meets current
standards (DOE, 2002a).

Clothes dryers consume the second-largest amount of dectricity of the major appliances,
costing about $85 and using more than 1,200 kWh per year to operate (DOE, 2002c).
Ingtalling gas dryers thatuse about haf the energy as eectric dryers (Cureton and Reed, 1995) -
- plus placing dryersin warm, dry areas of the home substantialy reduces thisamount. In
addition, inserting sensors for "dryness' can save up to 15% of the energy used in drying
clothes (Wilson and Morrill, 1999).

For washing machines, from 85% to 90% of the energy (and for dish washers about
80%) is used to heat the water (Wilson and Morrill, 1999; DOE, 2002b). Thus, energy usein



both washers can be reduced if the hot-water temperature is lowered from the customary 140°
F to about 120° F (Wilson and Morrill, 1999; DOE, 2002c). Reducing the water temperature
prevents the loss of heat while water is transferred through piping from the water heater to the
dishwasher and washing machine. In addition, Since newer modeds have a greeter capacity to
clean effectively, water hotter than 120° F is no longer necessary to efficiently wash dishes or
clothes. Further savings are possible through the use of horizonta-axis washing machines
because they use 1/3 less water than vertica axis machines (Sustainable Sources, 2002).

In addition to the mgjor appliances, abroad array of numerous types of appliances
(e.g., computers and other eectronic equipment) are projected to account for over 90% of
future resdentia energy growth in about a decade (Sanchez et d., 1998). Approximately 20%
of resdentid dectrica gppliancesis "lesking eectricity” or energy is being consumed when the
appliances are not performing. If standby power of dl appliances with a sandby mode is
reduced to 1 wait, the potential savings would be 21 Twh/yr and roughly $1 to $2 hillion
annudly (Sanchez et d., 1998).

Based on the use of new designs and new technologies for appliances it is possble to
provide sgnificant energy savings within 10 years (Mortier, 1997; Nadel, 1997; Haase, 2001).
Allowing a decade for substantid turnover of the mgor inefficient gppliances, DOE (2002d)
estimates are that a 30% decrease in energy consumption (about 2.1 quad) can be achieved, at
savings of gpproximately $42 billion per year.
Commercial- Commercia equipment consume an estimated 7 quads of primary energy per
year. The main energy use are water heaters, refrigerators, and cooking stoves. Although
previous energy conservation and efficient efforts have focused on hesting and cooling and
lighting, commercid equipment represent an important opportunity for energy savings. Allowing
adecade for substantia replacement of inefficient equipment with energy efficiency types, an
estimated 1.5 quads of energy could be saved. Going beyond Energy Star implementation,
other technologies could save an additional 0.1 quad per year by 2010 (LBNL, 1995).
Estimates are that energy saving software and power management practices have the potentia
to save 22% or about 0.2 quad per year (Levine et d., 1996).
2.3 Lighting
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Lighting offers severd opportunities to conserve energy (Turid et d., 2001). Lighting consumes
25% (about 3 quads) of al dectricity in the U.S-- 20% directly and 5% for cooling to
compensate for the heat generated by the bulbs (Fickett et. d., 1990). For commercia
buildings, lighting accounts for 40% of dectricity use and requires another 10% of the eectricity
to cool the unwanted heat (Romm, 2002). In residentia and commercid establishments, about
50% of lighting energy is wasted by obsolete equipment, poor maintenance, or inefficient use
(DOE, 1995).

Residential- U.S. resdentia lighting consumes about 1.4 quads of primary energy per year
and represents about 10% to 15% of total U.S. residentia dectricity use (DOE, 2000c). Per
household this trandates to an average of 1,023 kWh per year in lighting costs (DOE, 2002f;
USBC, 2001). A smdl number of lighting fixturesin homes account for a disproportionate
percentage of dectricity use (Jennings et a., 1997). Thus, incandescent bulbs that are the least
expensive to purchase but the most expensive to operate remain the most popular type of
lighting (DOE, 1995a; DOE, 1996). About 27% of incandescent fixtures account for over
80% of resdentid lighting dectrica use (Jennings et. d. 1997).

Compeact fluorescent lights (CFL) are 75% more efficient than incandescent lamps and
last up to ten times longer (EELA 1999). Although many households have ingdled some type
of fluorescent light in an effort to conserve energy, the full efficiency benefits are not redized
because the lights are often ingtalled without consideration of usage times (Jennings et d., 1997).
For maximum energy savings, lights that are on for four or more hours per day should be
targeted for replacement with high-efficiency bulbs (Jennings et. a., 1997). A look at the types
of lighting by usage time reveds that 42% of households use some type of fluorescent light, but
only 13% of lights used for one or more hours per day are fluorescent (DOE, 1996). Thereis
aso a connection between resdentid light fixture location and length of usage times (DOE
1996). The largest consumers of light-energy by location and usage times were found to be
caling and wal fixturesin kitchens, living rooms, and bathrooms, which suggests thet replacing
these lights with CFL lights will yield substantia savings (Jennings et d., 1997). If dl residentid
incandescent bulbs used for 4 hours or more per day were replaced with CFL's, 0.36 quad of
energy, or $8.4 billion, would be saved annudly.
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Halogen floor lamp torchieres have become popular in recent years, but unfortunately
are extremdy inefficient, converting only 10% of energy into visble light, aswell as being afire
hazard. If the 50 million halogen torchieresin the U.S. were replaced with CFL torchieres, the
energy savings over five years would be 53%, or 0.11 quads of primary energy (Kubo et al.,
2000). If al these changes were implemented for residences, there would be an estimated
savings of 0.47 quad of primary energy per year.

Commercial- Inthe commercid sector, lighting is an important energy application and
accounts for 2.1 quads of primary energy use (DOE, 2000c). In contrast to homes, 77% of
commercid floor spaceislit by fluorescent lighting and only 14% by incandescent lights
(CBECS, 1995). Thusfor commercid buildings, agood method of increasing energy savings
would be to upgrade existing lights with more efficient hardware, and better lighting
maintenance. Higoricaly, commercid lighting systems have been designed to provide about
20% more illumination than actudly required (NLB, 2001). Better lighting system maintenance
and replacing fluorescent bulbs and other lights on aroutine basis, could save 0.3 quads of
primary energy per year (NLB, 2001). Replacing magnetic balasts in fluorescent lights with
improved e ectromagnetic ballasts would save from 25% to 40%, or about 0.3 quads of
primary energy per year (RMI 1994). About 48% of commercid floor spaceislit usng some
type of energy efficient balast (CBECS, 1995). With implementation of these measures, a
conservative estimated savings for the commercia sector would be 0.6 quad of primary energy
per year, or about $12 billion annudly.

3. INDUSTRIAL SECTOR

Theindudtria sector consumes 24.5 quads of primary energy per year (DOE, 2000a).
These 3 mgor sectors. paper and wood, chemicas (including plastics and rubber), and primary
metals account for over 85% of the tota energy usein theindustrial sector (DOE, 2000a).
Energy usein theindustrid sector is predicted to increase a an annud rate of 0.9%, with
primary energy use being close to 30 quads by 2015 (DOE, 1999).

However, sgnificant energy savings can be achieved across the entire sector by
implementing broad based improvements. Optimization of motor systems, compressed air and
pumps, use of advanced combined heating and power systems, and improvements in lighting

design and technology are some examples of improvements that could save the industria sector

12



3.5 quads of energy by 2015 (Martin et. d., 20008). Implementing these changesis, in many
cases, limited by alack of knowledge (Martin et. a., 20008). However, most of these
modifications and changes have payback periods of 1 to 5 years (Martin et. d., 2000a).

3.1 Paper, Lumber, and Other Wood Products

The paper industry uses gpproximately 2.6 quads and the lumber and wood products
industry consumes about 0.5 quads per year. The industry decreased primary energy use by
27% from 1970 to 1994 using new improved technologies, but there is potentia to further
decrease energy consumption (Martin et a., 2000b).

The production of paper is amulti- step process requiring alarge number of chemicas
plus heat and dlectrical energy. Each paper product requires different energy inputs based on
various pulping and drying needs. For example, estimates are that the production of corrugated
paper requires 15 kWh /kg, while the production of bleached Kraft paper requires nearly twice
that much energy, or approximately 90 MJKkg (Table 2).

Currently, approximately 42% of all U.S. paper products are recycled (USBC, 2001).
The amount of recycled pulp that may be used for a given type of paper islimited due to the
reduced strength in recycled pulp. Many items, like corrugated cardboard, may be produced
from 100% recycled paper, but printing paper may only contain a maximum of 16% recycled
pulp (Gunn and Hannon, 1983). Using recycled pulp resultsin a 27% energy saving per
kilogram of recycled corrugated paper and 36% energy saving in printing paper (Selke, 1994,
Gunn and Hannon, 1983). However, some high quaity paper products are more efficiently
produced from virgin fibers than recycled paper in terms of energy (Gunn and Hannon, 1983).

The paper industry has been successful in decreasing energy inputs by burning its
biomass wastes, including bark, some wood chips, hogged fuel (unusable chunks of wood), and
black liquor (athick dudge containing lignin). Proven technologies successfully dewater black
liquor to a65% to 75% solids content so it can be burned in mills utilizing the Kraft chemica
recovery process, the method by which 80% of pulp is manufactured in the United States
(Martin et d., 2000b). The energy cost of dewatering and combustion can increase electricity
demand 0.5% to 1%, but can supply enough heat energy for a net savings of 6.9 million kWh/yr
industry-wide (Smonsen et d., 1995). The efficiency of biomass combustion can be further
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increased by cogenerating eectricd energy, making it possible for the mill to meet dl of its
energy demands through biomass fud (Pimentel, 2001).

Because of the capitd intengve nature of the paper industry, turnover of equipment is
typicaly between 35 to 40 years, making it difficult for many new energy saving technologiesto
rapidly achieve market penetration (Sheshen and Ryan, 1983). Energy efficient technologies
that are close to becoming feasible, such as black liquor gasification and improvementsin heet
recovery, are 20-40% more efficient than current methods, but will only see limited (~20%)
application by 2015 (Martin et. d., 20008). Adapting paper mill boilers to burn wood waste is
one short-term possibility to reduce energy use with a minimum of additiond expense (Martin et
al., 2000b).

In the lumber and wood-product industry, the primary use of energy isfor drying wood
materias (NTIS, 2001). Inthe past, al wood was air dried, but as drying time has been
reduced, energy demands have increased through the use of heated kilns. The combination of
lowest operating cost and lowest energy cost has been found by combining air and kiln drying
(DOE, 1999). In many modern mills, sufficient wood waste is produced to provide al the mill
heat needs and, in some cases, exceed its energy demands (DOE, 1999). As new technologies
are implemented, the lumber industry may become a supplier of heat and eectricd energy
(DOE, 1999).

Martin et. d. (2000b) investigated energy efficiency in the paper and pulp industry.
They examined 45 different technologies that could reduce energy use within the industry and
caculated penetration rates, retrofit and implementation costs. At current energy prices, they
estimate that 16 to 22% of the primary energy used in the paper and pulp industry could be
saved or about 0.5 quad per year (Martin et d., 2000b). The 22% represents an increased use
of recycled paper in new paper production. A further 5% saving of primary energy use could
be achieved by 2015, usng new emerging energy- efficient technologies (Martin et. d., 2000a).
3.2 Chemical Industry

The chemical industry uses about 7 quads per year (DOE, 2000d, 2000e) to produce
more than 70,000 different chemicals. Although there are 7 major chemica sectors within the
chemica industry, the mgjor energy consumers are the production of: organic chemicas and
inorganic chemicals (DOE, 2000c). Just over haf of the fuel consumed in the chemica industry
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isused as afeedstock (e.g., petroleum) conasting of liquefied gases, heavy liquids, and naturd
gas (Worrdll, et d., 2000). The main sources of processing energy are natural gas (64%) and
electricity (18%) (Worrdll, et d., 2000).

Although improvements in energy efficiency in the chemica industry have been rdaivey
stagnant for the past 15 years, the industry has demongrated some sgnificant efficienciesin
(CMA, 1998). Dueto high energy pricesin the early 1970's, the industry improved efficiency
35% from 1974 to 1986 (CMA, 1998). Much of this gain came about with overal improved
energy management and increased use of cogenerated heat. Current energy improvements may
be more difficult or more reaction specific, snce many of the broad-based efficiency programs
have dready been indtituted.

The production of organic chemicas requires the large expenditure of energy (2.1 quads
or 34% of the energy used in the chemica industry) and petroleum derived products. The mgjor
organic chemicals produced are ethylene and propylene, used as precursors for plastics and
acohols, solvents and acids, used in other chemica and industrid processes (DOE, 2000e).
The production of ethylene and its co- products consumes nearly 30% of the total energy used
by the chemical industry (Worrell et d., 2000). Nearly 72% of this energy goesinto the
feedstock or petroleum required for ethylene production (PNINL, 1994), but improvementsin
efficiency are possible (Worrdl et. d., 2000).

About 18 million tons of nitrogen fertilizer used in U.S. agriculture esch year (CMA,
1998). With nitrogen fertilizer being one of the most energy intensive products, improving the
efficiency of production should be apriority. There are severd viable energy efficient options
regarding anmonia synthes's (ammonia being the primary nitrogen source for fertilizer).
Currently, ammonia is catayticaly made by the Haber-Bosch process. Catdyst improvements
could sgnificantly increase efficiency (PNNL, 1995). Implementing the autotherma reforming of
ammonia, which combines the partid oxidation of methane and steam reforming, could reduce
fuel used in ammonia production by 24%, and reduce the primary feedstock input by 20%
(Martin et d. 2000c). Thusfar, only one plant in Canada has implemented these changeson a
large scale.

Within the inorganic chemica segment, the production of chlorine and sodium hydroxide
isthe largest energy consumer. These chemicas are produced through the dectrolyss of brine
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solutions. The most commonly used dectrolytic cells, the digphragm-type, are approximately
6% less efficient than the ate-of-art ion-selective membrane cdlls (DOE, 2000e). Therefore,
with the widespread use of the ion-solution membrane, considerable energy can be saved.

Ovedl, the chemica industry has greet potentid for improvementsin catalytic
efficiencies because catalysts are used in about 80% of the chemica industry and consume
significant amounts of energy (Martin et d., 2000c). Future catdysts could lower energy
consumption 10% or more during the next 10 years (PNNL, 1995; Martin et a., 2000c).

The expanded use of heat recovery systems could save 4% of total energy usein the
chemicd industry (Martin et d., 2000c). The industry currently uses cogeneration, but more
efficient technologies would alow for heat exchangersto be placed in environments previoudy
too harsh to support them. These environments include the production of sodium
hydroxide/chlorine and nitric acid (Reay, 1999). In addition, new heat exchangers use novel
aloys and designsto prevent corrosion. Payback time on these devicesis gpproximately 2.4
years, thus making the changes economic Martin et d., 2000c).

Inthe U.S., approximately 9% of the consumed plagtics are recovered (Martin et dl.,
2000c). Thisfigureislow because at present collection and reuse of post-consumer plagticsis
often more expendve than the use of virgin materia (Martin et d., 2000c). Much of the
unrecycled plagtic comes from discared automobiles. Current research isfocused on
technology processes that alow for plastics of smilar density to be separated. Due to the high
energy demand of processing plagtics like polyethylene, the energy savings from the new
technology could be as high as 70% in primary energy savings (Martin et d., 2000c).

The potentia energy savings possible for the U.S. chemical industry in the next decade
is estimated to be about 1 quad per year.
3.3 Metals

In 1997, the production of steel, duminum, and other meta products accounted for
approximately 2.5 to 2.8 quads of primary energy expended in the entire industrial sector
(USBC, 2001). Mot of the energy used is from the recovery and manufacturing processes.
New methods and technol ogies have encouraged the metd industry to invest in secondary
metals. Secondary or recycled metas, consume less energy to produce (Ayers, 1997).
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Steel production uses 1.83 quads of the totd energy used in the metals industry (DOE,
2000f; 2001g). The stedl industry accounts for 2.0% of tota US energy consumption (DOE,
2001g). Approximately 60% of that energy is derived from cod for dl metals, while dectricity
and natura gas supply the remaining energy used (AlSl, 2001). The production of 1 ton of
sted requires 5,560 kWh (AlSI, 2001). From 15% to 20% or approximately $55 per ton is
spent on the energy costs (AlSI, 2001). The duminum industry consumes 1.8% of energy in
the industria sector (DOE, 2001€f). 1n 1995, the primary production of auminum was nearly
0.5 quads per year (DOE, 19978). Theindustry isamgor consumer of eectricity, accounting
for nearly 85% of tota consumption in duminum production (DOE, 2000g). Approximatey
one-third of manufacturing costs are spent on the energy necessary for production.

Through a variety of methods and currently available technologies, the iron and sted
industry should be able to decrease energy use by 0.32 quads, or 16% (Worrdll et. a. 1999).
By 2010, the steel industry hopes to reduce energy expenditure from 4,760 kWh/ton to 3,970
kWh'ton (DOE, 2000f). These methods involved in saving energy include smple measures,
such as preventive maintenance, better control and recovery of heat through improvementsin
insulation, controls and sensors, plus cogeneration (Worrdll et. . 1999). (AlSl, 2001).
Producing 1 kg of recycled stedl saves about 65% of the energy needed to produce 1 kg of
virgin stedl (Table 2). In 2000, the use of 70 million tons of steel scrap conserved 0.8 quads of
energy or dmost 40% of thetotal energy used in stedl production (Danjczek, 2001). That
same year, 58% (1.5 million tons) of sted cans, 84% (2.0 million tons) of appliances and 95%
(14.0 million tons) of automobiles were made from recycled sted (SRI, 2001). For the
automobile industry, the stedl industry has developed stronger and more corrosion resistant
products, which will help automobile manufacturers to improve fud efficiency (AlSl, 2001).

Over the past decade, the amount of energy required to produce primary duminum
has dropped from 26.4 kWh/kg to 15.4 kWh/kg, with the most efficient smelters able to
produce a 13 kWh/kg (Aluminum Association, 2001a;DOE, 19974). Most of the future
energy savingswill come from recycling scrap metd. In 2001, 33% of the 10.69 million metric
tons of auminum was reclaimed each year (Aluminum Association, 2001b). Recycled
auminum uses only 10% of the energy needed to produce aluminum from virgin materids

(Table2). Reclamation of aluminum cans has risen to 62% and recycled aluminum comprises
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about 33% of the sector (DOE, 1997a). Aluminum recovery is cost-€effective and economicaly
profitable; the industry pays around $990 million to recyclers each year (Aluminum Association,
2001a). If the other 38% of duminum cans was recycled instead of the additiona production of
primary auminum, the amount of primary energy used in the duminum sector could be reduced
by another 12%. This number is further enhanced by the fact that much of the energy used is
eectricity.

The recovery, reuse, re-manufacturing and recyding of metasisthe most promising
technology to increase energy conservation and to improve the efficient extraction of virgin
metas (Ayers, 1997). The re-manufacturing, reuse and repair of products use hdf of the
energy input, but need double the labor input (Ayers, 1997). Although to date resource
scarcity has not been amagor issue for the metal industries, but as the cost to extract and mine
ores and minerd deposits increase and become more energy intensive in the future (Ayres,
1997). Through acombination of recycling, improved methods and technology, we estimate
that the metals industry could save about 0.8 quads per year during the next decade.

3.4 Plastics and Rubber

About 4% of total U.S. energy consumption is used to produce raw plastic materials
(APC, 2001; APME, 2001). Polyethylene terephthalate (PET), high-dendty polyethylene
(HDPE), polyvinyl chloride (PVC), low-density polyethylene (LDPE), polypropylene (PP) and
polystyrene (PS) are the 6 primary resinsfor plastic manufacturing. The highest consumers of
plastic products are automobiles, appliances, food packaging, and building and congtruction
indudtries (EPA, 1995). The lightweight durability and versdility of plastics have increased
energy efficiencies for many products. As aresult, industries have reduced the costs for
production, handling, shipping, and trangportation (APC, 2001). For food packaging and other
packaging, less energy is needed for plastics as compared to other materials. For example,
30% less energy is used to produce foam polystyrene containers, than paperboard containers
(APC, 2001).

Substantid energy savings can be gained through the recovery and reuse of plagtics. In
2000, the U. S. recycled 687 million kg of post-consumer plastic bottles such as milk,
shampoo, detergent and soft drinks, however, the average recycling rate is only 27% (APC,
2001).
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The mgor obstacle for more energy gainsisthe difficulty of avallable cod-€effective
recycling technologies (DOE, 2001g). Pladtics in housing congtruction uses the largest volume
of materid, but little is recycled compared to metals used in construction (DOE, 2001h).
Similarly, only 2% of plagtics in computers are recovered because of cost-ineffectiveness
(DOE, 2001h). The number of mixed plastics products is predicted to reach 5 billion kg per
year by 2010 (DOE, 2001g). Mixed-plastics aso pose a significart recycling problem because
of hand separation, which is both costly and time-consuming. With assstance from the US
Department of Energy and the American Plastics Council, anew system has been developed for
the recovery of plastics from mixed plastic sreams (DOE, 2001g). If aquarter of the plastics
manufacturing sector implements this technology, 0.11 quads can be conserved per year (DOE,
2001g). Asits use expands, future capital and ingtalation costs will decrease, and the savings
to the entire plastics manufacturing industry could reach $750 million per year (DOE, 2001g).

The energy input for natura rubber production is about 4.2 kwWh /kg; this dso includes
energy input for trangport (IRRDB, 2001). Qil isthe main component used to manufacture
synthetic rubber (Collins, 2000), and for synthetic rubbers such as butyl rubber, 3.2 kWhis
consumed (IRRDB, 2001). Currently the U.S. consumes 67% of the world's natura rubber
(EP Rubber, 2000). The mgority (68%) of natura rubber production isused for tire
production while latex products uses 8%, engineering products 7.8%, footwear 5%, and
adhesives 3.2% (Jones, 2001).

In 2000, 273 million tons of scrap tires were collected (RMA, 2001). Out of the 273
million, 196 million tons were recycled, whilel25 million tons were used to produce tire-derived
fud, and 30 million were used for civil engineering applications such as landfill covers and liners
(RMA, 2001).

Retreading tiresis cogt- effective and environmentally advantageous. Retreading costs
30% to 50% less than new tires, and saves at least 151 hillion liters of oil per year (0.04 quad)
(ITRA, 2001). On an average, it takes 83 liters of ail (24 kwh/kg) to produce one new truck
tire, while retreading one truck tire requires only 26 liters (7.6 kWh/kg) (ITRA, 2001).

4. FOOD SYSTEMS

Each person in the U.S. consumes about 920 kg (2,023 1bs) of food annudly, or about

3,800 kca per person per day (USDA, 2001). Supplying thisfood requires the expenditure of
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about 15.8 quads of energy per year (USBC, 2001). Put another way, about 13 kcd of fossl
energy isexpended per kcal of food supplied to each American.

Approximately 7.2 quads per year are expended in the production of crops and
livestock (Pimentd et d., 20024). About two-thirds of the energy used in crop production is
for fertilizers plus mechanization (Pimentel et d., 20028). Excessve use of nitrogen fertilizer is
economically and energeticaly costly to farmers and pollutes the environment (e.g.,
eutrophication, nitrate contamination of drinking water, and greenhouse gas emissons)
(Socolow, 1999). Through proper timing and dosages, the estimate is that nitrogen fertilizer use
could be reduced by 25% without reducing crop yidds, especidly in grain crops (Matson et d.,
1998). In addition, if the current soil erosion rate of 13 t/halyr were reduced to the sustainable
level of 1 t/halyr, thiswould conserve nearly 17 million tons of fertilizer nutrients and save about
1.5 quadsin energy (Troeh et d., 1991; Pimentdl et d., 1995). The gpplication of these and
other sustainable farming practices hold promise for substantial energy savings (Pimentel et dl.,
2002a).

Energy conservation is possible while maintaining high crop yields. Currently about
8,140 kWh are required to produce 1 hectare of conventiona corn (Pimentel, 2001).
Producing corn using ecologicaly sound technologies that conserve fertilizers, soil, water, and
pesticides, plus reduce the inputs of agricultural mechanization, demondrated that fossl energy
use in corn production could be reduced as much as 50% and reducing the economic costs of
production by 33% (Pimentel, 1993). A conservative estimate is that 2.3 quads of U.S. energy
per year can be saved.

An estimated 7.2 quads of energy are used in food processing and packaging
(Pimentd and Pimentdl, 1996). Various investigations suggest that at least 10% of the energy in
food processing could be conserved through improved efficiency with existing equipment
(Casper, 1977). Implementing co-generation throughout the food processing industry would
save up to 40% of current energy inputs (Washe, 1994). Currently, only 6% of the electricity
used in the food industry is produced through co-generation (Okos et a., 1998). Other
promising technologies for energy savingsinclude the use of cold pasterurization and dectron
beam gerilization, evaporation and concentration by extraction, and more efficient drying
technologies, and more refrigeration by controlled atmosphere packaging (Okos et d., 1998).
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Asauming that appropriate technol ogies were implemented, more than 1 quad of energy might
be saved per year (Dalzell, 1994).

In total an estimated 4.5 quads of could be saved in the entire food each year.
5. ENERGY SUBSIDIES

Our assessment of subsidies focuses on direct subsidies and does not include subsides
alocated to energy-consuming industries and defense energy-costs. Federd energy subsidiesin
the United States total about $39.3 billion each year (Table 3). Thisamounts to $420 per
family in taxpayer money per year. Subsidies to the energy industry have the overal effect of
reducing what appears to be price of fueslike a the gas- pump. However, the consumer pays
for this reduction and the negative aspect is that it encourages the consumer to burn more fud.

The ail industry done receives as much as $11.9 hillion per year in subsdies (Hamilton,
2001) (Table 3). Thissubsidy resultsina3¢ (11¢/gal) price reduction for each liter of gasoline
($1.50/gdlon). If the consumer were forced to pay the unsubsidized price of gasoline, this
would reduce the number of miles driven per consumer. For every 1% increase in the price of
gasoline, the number of vehicle-milestraveled is estimated to decline from 0.25% to 0.38%
(Merriss, 2001). If the customer paid the unsubsidized price of gasoline, then gasoline
consumption would be reduced about 65 hillion liters per year. This saving would amount to
0.3 quads of ail just by removing the taxpayer subsidies that the U.S. government paysto ail
companies. The most important point is that the public would be paying the red price of
gasoline. If less ail were consumed, this could reduce our dependency on imported oil.

Naturd gas hasasmilar average dadticity as gasoline or for every 1% increasein price
thereis gpproximatdly a 0.25% decline in consumption (Mackinac, 2001). Electricity hasa
amilar dadticity in the resdentia sector, thus, for every 1% increase in price thereis
approximately a 0.23% decline in consumption of eectricity (DOE, 2002€).

If the $39 billion in tax subsdies for energy were removed during the next decade, an
estimated 1 quad of energy would be conserved.

6. OIL SUPPLY

The foregoing andyses highlight the dependency of the United States has on fossil fudls,
not only for persona needs and trangportation but aso for supporting U.S. indudtries. Intotd,
American use 36.3 quads (1.2 x 10 liters) of oil per year (USBC, 2001). The U.S. with only
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4% of the world population uses 26% of dl oil used in the world (BP, 2001). At present, 61%
of U.S. ail isimported and this negeatively impacts the U.S. balance of payments.

Edtimates are that the U.S. has the potentia to ultimately produce only 32.6 to 35.0 x
10" liters of oil before the resources are depleted (MacKenzie, 1996; Deffeyes, 2001). These
data suggest from 82% to 88% of U.S. proved crude oil reserves have aready been utilized,
with U.S. ail production pesking in 1970 (AP, 1999). Even ANWR production would
provide over a 25-year horizon only 1.9% of the projected U.S. oil demand in 2020 (DOE,
2001d).

Drilling for ail isenergy and economicaly costly. Currently, U.S. oil welsare drilled to
an average depth of 1,708 meters (nearly 1 mile) and cost about $604,000 for each well (AP,
1999). Recently, increased drilling effort in the U.S. has not resulted in increased reserves.
U.S. il discoveries peaked in 1930 (Nehring, 1981). Qil production efficienciesin the U.S.
areillugtrated by the fact that U.S. has more than 563, 000 wells operating, while Saudi Arabia
has only about 1,600 wells operating (Deffeyes, 2001). Even with 360 times more wells, the
U.S. produces only 80% of the amount that Saudi Arabia does (BP, 2001).

The world oil reserves are estimated to peak in production sometime between 2007
and 2015 with world oil supply lasting gpproximately 50 years (Y oungquist, 1997; BP, 2001,
Duncan, 2001; Laherrere, 2001; Stone, 2002). Obvioudy rapid human population growth and
increased oil use will determine how long oil resources will last.

7. CONCLUSION

Through energy conservation and implementation of new energy efficient technologies,
about 27 quads or nearly 28% of U.S. energy consumption and about $1400 billion can be
saved per year (Table 4). The sectors having the potentiad to provide magor energy savings are
transportation, heating and cooling of resdences, industries, and the food system.  Other
energy use sysems where energy conservation and energy efficient technologies are possible
include: chemicals, paper and lumber, household appliances, lighting, and metals. Reducing the
$39 hillion in taxpayer money spent on subsidies of the energy industries would stimulate the use
of conservation and energy efficient technologies (Tables 3 and 4).

22



Saving fossil energy helps reduce our dependence on forelgn sources of energy and
improves national security, improves the environment, reduces the threet of globa climate, and
saves gpproximately $1400 billion per year which would help support the U.S. economy.

If the President and the U.S. Congress requested that the American people and
business |eaders support national security and the economy by reducing U.S. energy
consumption. We are confident that working together the U.S. could reduce energy
consumption in 10 years by more than 27 quads per year or about 28%.
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