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Energy efficiency and conservation
Improvements since 1973 have reduced
U.S. annual energy consumption by 40+
guads

Energy Efficiency and Conservation

Petroleum
Matural Gas
Coal
Muclear Electric Power

Wood, Waste, Alcohal

Conventional Hydroelectric
Geothermal
Solar and Wind
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Quads (2004)
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Alliance to Sawe Energy

Roughly $400 billion energy savings per year.
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The value of the energy savings has
been enormous

Frnergy Consumption in the Inited States 1949 - 2005
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State leadership has demonstrated
enhanced energy efficiency

Per Capita Electricity Consumption
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States with utility sector energy efficiency
programs—public benefits or DSM

Blue states have
public benefit
funds that
support EE

Green states
have utility DSM

under regulated
structure



Energy Efficiency (EE) Is an
abundant “resource”

CHEAPER

e Each $1 invested in Energy Star programs = $75 in energy cost
savings and $15 of investment in new efficiency technologies

e Average Cost of Demand Side Management (EE) Programs= 2-4
cents/kWh

— Lower cost than building any new generation, including renewables

e QUICKER
e |n 2001, California cut peak electricity use by 10% in less than a
year by implementing energy efficient technologies and practices
e CLEANER
e The watt that’s never generated produces NO ENVIRONMENTAL
FOOTPRINT
e EHANCES ECONOMY and SECURITY
e Minimizes Needs for Imported Energy
e Creates New Jobs

e Helps Keep Energy Prices Lower by Reducing Demand During Peak
Periods

Source: Alliance to Save Energy
7 Managed by UT-Battelle
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Energy Efficiency Has the Technical
Potential to Level Energy Demand Growth
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Energy Efficiency is now the “first choice” and usually the
lowest-cost option...and carbon has yet to be constrained or
priced to a significant extent in the USA (but it will)

The Cheapest kWh

Levelized Cost of Electricity by Source
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What's the cost of energy savings through
efficiency gains?

Levelized Cost $/kWh Saved (Levelized in 2005 Dollars)
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QOver 90% of the U.S.
energy efficiency
potential can be tapped
at a cost less than 20
cents/kWh

Cost less than cents/kWh
Res. Appliance Removal
Res. Audits

Res. Lighting

Comm. Refrigeration

Cost of 5 to 10 cents/kWh
*» Comm. Lighting

* Ind. Motors

» Ind. Process

Cost of 10 to 20 cents/kWh

* Res. EnergyStar Appliances
* Comm. New Construction

» Comm. Audits

« Ind. Lighting

Res. Equip. Tuneup/Maint.

50

for the Department of Energy
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150
Achievable Potential in 2010. TWh

Wikler, Greg, “Assessment of U.S. Energy Efficiency Potential,” Global Energy Partners, 2006.
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Industry is taking note- First there was General
Electric’s “Eco-Imagination” and then
Dow Chemical Company announced...

Efficiency and The Triple Bottom Line

Good for Business:

Saves Money, Enhances Global ‘ - . ‘

Competitiveness, Preserves Jobs,
Creates Prospenty for Shareholders *g

Good for the Environment:
Fewer GHG Emissians, Part of the

Solution to Global Chmate Change

Good for Society: Reduces

Demand, Lowers Energy Bills,
Promotes Energy Security

Courtesy: John Dearborn,
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The industrial sector’s dependence upon
natural gas has created a national problem

e Rapid increase in natural gas prices has had particularly
adverse impact on industrial sectors
— Very high (150% - 300%) increases from historic price levels
— Supply is constrained
— Problem is acute in North American market, providing economic
Incentives to relocate

e Example: Chemical manufacturers are shutting down
domestic production and moving plants to Asia & Middle East

— 50% of methanol, 45% of ammonia, and 15% of ethylene
capacities have been shut down since 2000

— U.S. import of fertilizers increased to 45% from 10% 15 years ago
— In 2005 8,400 jobs were lost in the chemical industry

— Industry went from an 80-yr trade surplus ($20B in 1995) to trade
deficits beginning in 2002

12 Managed by UT-Battelle
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Energy efficiency and alternative energy
sources will be required to achieve energy
assurance

U.S. Natural Gas Production & Consumption
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Industrial technologies R&D Areas: Focus
on Energy Efficiency improvement

Industrial Reaction and Separation

Develop technologies for efficient reaction
and separation processes

Oxidation Processes
Microchannel Reactors
Hybrid Distillation
Alternative Processes
Advanced Water Removal

High Temperature Materials Processes

Develop energy efficient high-temperature
process technologies for producing metals
and non-metallic minerals

Advanced Metal Heating and
Reheating

Advanced Melting

Efficient Heat Treating

High Efficiency Calcining
Next-Generation Steelmaking

Industry Specific Application

Technology Demonstration to Reduce
Technical Risks

SuperBoiler

Isothermal Melter

Ultra-hard materials

Industrial wireless technologies

14 Managed by UT-Battelle
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Fuel & Feedstock Flexibility

Promote energy diversity and independence by
increasing the range of fuels competitively
available to industry, the largest natural gas
consuming sector in U.S.

» Accelerate market adoption
* Process Integration R&D
» Technology Validation




New Ultra-Thin Coating Process Extends Service
Life of Materials & Reduces Energy Consumption

Metal Infusion Surface Treatment (MIST)

e C3formed a new company in 2002 and
began marketing MIST in 2005. Markets
include
— Aluminum die-casting (implemented by

35 companies to date)
— Hot rolled steel
— Cutting tools

— Future applications in spark plugs &
catalytic converters

e MIST extends product life 10 — 50 times and
uses 10 — 100 times less material than
traditional processes, increasing
production rates, reducing manufacturing
costs, and reducing energy use
— Will save hot rolled steel industry

$300M/yr
— Estimated energy savings of 2.7 x 1012
BTU/yr for aluminum die-casting

e ORNL teamed with C3to develop &
characterize process

Accelerating Nanotechnology Commercializatign

C3: Startup Company in 2002 —
Projected $MM Business in 5

15 Managed by UT-Battelle
for the Department of Energy
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Buildings Add to the Stress

Produce 30%
greenhouse
gas emissions

Produce 30%
of total waste
output

Use

2.5 billion
barrels of
oil/year
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Towards true net zero energy buildings:
develop deep-savings components to enable
zero-energy, demand-responsive buildings

Zero-energy homes shown (zero-energy buildings similar)

18 Managed by UT-Battelle
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Demand response: reducing peak period
load while maintaining quality of life

Study by Cowart (2001) showed DR saved the construction of 29-
1GW electric plants between 1985-1994 at cost of just 3 cents/kWh
Aspects of demand response include

— Load reduction can be via physical or financial curtailment

— Requires products and programs to enable demand reduction
during peak periods

e The highest 5% of a utility’s peak demand (load) may occur
less than 50 hours per year and cost ~10X the retail rate

Linking consumption with actual costs creates opportunities for
energy efficiency and can lower overall costs

— Customers can’t respond (manage their usage) if they don’t
know what it is

— Will all loads eventually be able to respond to a price signal?

19 Managed by UT-Battelle
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Residential electricity use per capita:
Tennesseans are second

IN the nation

« ~2.6M residential customers (meters) for electricity in Tennessee

* Energy consumed in Tennessee homes
— Electricity: 62%
— Natural gas: 30%
— Petroleum products: 5% Refrigeration,
— Wood: 3% 8% _ &

Residential energy use

Residential electricity
consumption per capita (kWh)

------------------------------------------------- ‘ Ten nessee

7,000

6,250

5,500 - -

4,750 |- ¢ U.S. Electronics ,
average 7%

4,000

1981 1985 1990 1995 2000 2005
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()
Residential energy consumption:

Advanced technology
IS becoming available

e 65% of Tennessee
homes have electric

Solar panels water heaters
Roofing « Converting them
Fleat pump \?vl;grhhe:;tglrjsm vI\O/ouId'
water :
heater — Reduce energy use
. by 3.5 billion kWh
Utility walls per year
Ventilation — Save Tennessee

residents $260M
per year

Exterior walls
Basement
Geothermal



Presenter
Presentation Notes
Heat pump water heaters will be commercially available in 2009 from General Electric


()
Commercial energy consumption:

Dramatic near-term
reductions can be achieved

~430,000 light-to-medium commercial and industrial electrical customers (meters)

Lighting:
— Incandescent and old fluorescent (T12)
to new T8, T5, dimmable
— QOccupancy sensors

— Daylighting
— LEDs in wide application
« Space HVAC.:
Waitter heating, — Energy service contracting
7% — Cool roofs

— Energy management systems

) — Ground source heat pumps
Electronics _/ pump

and Water heating:
refrigeration,

13% — Recycle waste heat from HVAC
Other

— Active indoor air quality sensing and
— EnergyStar equipment and appliang

Typical commercial building
energy consumption

22 Managed by UT-Battelle
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Presenter
Presentation Notes
Energy supply: Electricity 61%, Natural gas 34%, Petroleum products 4%
Tennessee is 34th in commercial energy use per capita


()

Deploy proven technologies
In schools and commercial buildings

e Cool roofs

— Georgia elementary school:
Energy savings of $14,500 per year

— Converting 2,366 Tennessee K-12
schools would save $19M per year

e Ground source heat pumps

— All Sumner County schools
are using geothermal technology

— Converting 2,366 Tennessee K-12
schools would save $122M per year

e These and other upgrades can be
readily deployed in commercial
buildings

— Projects routinely save 20%
— Payback from savings: 10 to 15 years

— Total savings in Tennessee could exceed
23 Managed by UT§;§Q(§OM per year

for the Department of Energy



Presenter
Presentation Notes
Infrared reflective pigments in paint on metal roof = cool roof
School building shown: 1 of 2 constructed in Paulding county Georgia
Tennessee schools: 1,712 public, 654 private
Geothermal technology incorporated in ORHS renovation
Savings if all commercial buildings in TN were upgraded
Electric: 20% savings = 5.8 billion kWh/yr @ 7 ¢/kWh = $406 million/yr
Gas: 20% savings = 11.2 Tbtu/yr @ $1.18 per therm = $133 million/yr
Fuel oil: 20% savings = 0.9 Tbtu @ $3.69/gal (and 138,700 Btu/gal) = $24 million/yr
$406 + $133 + $24 = $563 million/yr
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Tennessee’s industrial sector .

Batielle

The Business of Innovation

IS powered primarily by fossil energy

~440 heavy commercial/

industrial customers

Transportation equipment

Computer and electronics
manufacturers

Food

Chemicals
Machinery

Metal products
Plastics and rubber
Primary metals

Other (includes electrical equipment
and paper manufacturing)

28%

12%

12%
12%

8%
~7%
~7%
~7%

~7%

Hydroslectric,
2%

Biomass,
10%

Electricity,
22%

Coal, 16%

Sources of industrial energy, 2005

12th in the nation in industrial energy consumption
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There are opportunities to reduce
Industrial energy use and carbon

emission
e Most energy goes to process heating and
steam

e |n 2006-2007, Tennessee Industrial
Technology Program assisted 15 Tennessee
Industrial plants

— Free DOE program: “Save Energy Now”

— Industrial Assessment Center Tennessee Tech
at Tennessee Tech UNIVERSITY

e Teams found large average potential savings
per plant:

— $1.4M per year
— 3.3% reduction in energy
— 12,600 metric tons of CO, per year

e One Tennessee plant found the opportunity
to reduce energy consumption by 40%

25 Managed by UT-Battelle
for the Department of Energy



Batielle

The Business of Innovation

Transportation in Tennessee
consumes 29%
of the state’s energy

Petroleum fuels 96% of the transportation sector
— 5.1 million light trucks and cars (2006)
— 7,803 alternative fueled vehicles

From 1980 to 2005, annual vehicle miles of travel
In Tennessee increased from 34 billion to 70 billion

— 56% of trucks on the interstate are passing
through Tennessee

— 30% of all traffic on rural interstate is trucks

In 2005, Tennesseans bought:
— 3.1 billion gallons gasoline
— 1.1 billion gallons diesel

Estimated CO, emissions: 38.4 million metric tons
— The average vehicle emits 6.7 tons of CO, each year

26 Managed by UT-Battelle
-l T A\


Presenter
Presentation Notes
Of the state’s petroleum consumption, 50 percent is used for gasoline.[Distillates (mostly diesel, minimal home heating oil) comprise 24% within the balance-KK] The Tennessee transportation system consumes 29 percent of the state’s energy, and petroleum fuels 96 percent of the state’s transportation sector. This heavy dependency on petroleum products is sustainable only as long as these products are readily available and affordable. 
 To improve the state’s energy system, the transportation sector could use more efficient vehicles, cleaner alternative energy sources, and reformulated fuels. According to the Victoria Transportation Policy Institute, if such improvements were adopted, an approximate 20 percent personal transportation energy savings could be realized.
Between 1980 and 2002, annual vehicle miles of travel (VMT) on the state’s roads and bridges doubled, increasing from 34 billion to 68 billion. Conversely, while the amount of travel doubled, the lane miles in the highway system increased by only 8 percent, from 172,000 to 185,000. This difference is contributing to increased traffic congestion. 
 On a tonnage basis, approximately 75 percent of freight (estimated at 370 million tons – 200 MT within state, 100MT from TN, 70 MT to TN) transported to, from, or through Tennessee is by truck. Additionally, trucks are the only means of supply to 85 percent of the state’s communities and carry approximately 80 percent of the manufactured freight transported in Tennessee. The amount of freight moved by truck continues to increase.
Tennessee ranks sixth in the nation and first in the Southeast for cargo ton-miles and value of commodities carried by truck. 56% of trucks on the interstate are passing through TN.  30% of all traffic on rural interstate is trucks
For 2002: In TN Rural areas, total VMT was 32.068 billion and 16.8% was attributable to med-heavy trucks (i.e. excludes vans, pickups, SUVs, etc).  In TN Urban areas, 
total VMT was 36.161 billion and 8% was attributable to med-heavy trucks (i.e. excludes vans, pickups, SUVs, etc).  Total TN VMT was ~69 billion, placing TN 14th in nation. CA was tops by wide margin at 322 billion VMT.


Tennessee can lead In
transportation solutions

Today m

: , Improve vehicle efficiency through Average mileage:
é\zlgrrarl]ge mileage: R&D and manufacturing " :> ~35 mpg (2020 CAFE),
PY partnerships m@ reduced emissions
. Expand N :
B20 and E85 becoming altgrnative —?;@Bngécq :> Cellulosic-based ethanol
available in Tennessee fuels WB' readily available
Hybrid vehicles \?:i;/iilgg gre]ét-generatmn WA j‘> Plug-in hybrid electric
in limited use ————— TDOT vehicles: 25% of mar

Chevy Volt concept car:

PHEV, 50-100 mpg (equivalent)

27 Managed by UT-Battelle
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We are headed towards a more-electric,
more efficient transportation system...

Transportation & Electricity Convergence

...but there's a growing need for the
utility and auto industry to collaborate

28 Managed by UT-Battelle ) ] )
for the Department of Energy Courtesy of Southern California Edison



...Why Plugging In Makes Sense

0 Electricity is 25-50% the cost of
A gallon of gasoline equivalent (gge)

e Vehicle GHG ons

ions (g CO,e/mile)
w
&
k=]

G
b
<
S

= = o~ =] o~ 4 o~ o~ o~ =]
] =] o [=} o [=} o o o [=}
= = (=] (=] o (=] o (=] o (=]
) = = = = £=] - b= z z
= = 0 = 0 g g 2 g 3
=} = T = S = = = = -
= 2 =] = o = = = S 2
= = = & 7 = & F = ]
E = = = = = f o c

a o a o a o a a

29 Managed by UT-Battelle
for the Department efdan@irgyvell-to-Tank H Gasoline Tank-to-Wheels ! Electricity Well-to-Wheels

Impact Scenarios
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Automaker Plug-in Programs
oy0/ -_-: . . : . !‘ oIvo Recharge ﬁ - :.- -) s%ape
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Audi Metrop%ect ) Daimler Smart
Courtesy of Southern California Edison



Presenter
Presentation Notes
Automakers consider a technology “commercial” when it is in at least 10% of vehicles sold.  17 million cars and light trucks are sold each year in the USA.  We have a long way to go to see hybrid electrics, let alone PHEVs, see “commercial” market penetration at the current rate of deployment.

Biggest issue for electric transportation is the batteries.  World-wide manufacturing capacity for Li-ion battery packs for vehicles is not more than 40,000 vehicles per year.  And of course trading reliance upon foreign sources of petroleum for reliance upon foreign sources of batteries (China) is potentially destabilizing for the USA.  By the way, contrary to popular opinion, the largest foreign source for petroleum for the USA is Canada.
Could other uses for the PHEV such as Demand Response help accelerate manufacturing capacity additions?  (there’s plenty of lithium available; this is not an issue)


®)
Automaker Plug In Programs (2007)

Toyota Prius oy . -. Escape
— et - R % Lm —
Elght years after the “commercial” —— >
introduction of the Prius and Insight <1% -_
of all new US cars and light trucks sold is

" a hybrid (and people are still paying over

\ sticker price)...

d ,unless other factors accelerate market %

= e 3

Daimler Sprinter development ---including venhicle-to-grid
% for demand response

Daimler Smart
Courtesy of Southern California Edison



Presenter
Presentation Notes
Automakers consider a technology “commercial” when it is in at least 10% of vehicles sold.  17 million cars and light trucks are sold each year in the USA.  We have a long way to go to see hybrid electrics, let alone PHEVs, see “commercial” market penetration at the current rate of deployment.

Biggest issue for electric transportation is the batteries.  World-wide manufacturing capacity for Li-ion battery packs for vehicles is not more than 40,000 vehicles per year.  And of course trading reliance upon foreign sources of petroleum for reliance upon foreign sources of batteries (China) is potentially destabilizing for the USA.  By the way, contrary to popular opinion, the largest foreign source for petroleum for the USA is Canada.
Could other uses for the PHEV such as Demand Response help accelerate manufacturing capacity additions?  (there’s plenty of lithium available; this is not an issue)


Southern California Edison’s Near Term
Transportation Vision

Exploring Customer Value From “Plugging In”

* Low cost off-peak energy for "fueling”
» Batteries to “drive” wheels & occasionally “power”

the house

* On-site energy storage from wind/solar generation Renewables

« Edison’s SmartConnect ™ advance meter Wind/ SOI&(
'f

providing both customer information and control
* New uses for generation capacity, at night,

lowering future electricity rates \g{
« Night time energy use may help enable renewables D
* New uses for “new” batteries may help lower costs of |t :
future hybrid batteries Edison
martConne

4

Lower PHEV acquisition
& Ownership Costs?
Utility Value?

Advanced
Lithium Batteries
for Mobile and
Stationary
Uses

32 Managed by UT-Battelle
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Tennessee has limited potential for
wind power*

wali

Fair
Good
Excellent

Outstanding

33 Managed by UT-Battelle * After NREL wind resource assessment

for the Department of Energy



Tennessee has some potential
for solar energy*

% High
\\ * After NREL solar resource summary OAK




Tennessee Is developing
Its biomass potential*
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* After NREL biomass resource assessment
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Presenter
Presentation Notes
While we wait for more-electric transportation to develop the nation is moving towards biofuels.
This is a Saab Biopower, not yet available in the USA.  It produces more power when running on E-85 than it does on straight gasoline, and it meets US emission requirements.  This tells us that we can optimize vehicles for use with E85 (today’s flex-fuel vehicles are simply ethanol-tolerant).



What are the potential global benefits of
energy efficiency?

e Doubling the rate of energy efficiency improvement
(from avg. 1.25%/yr to 2.5%/yr) would:

— Allow the world to hold CO, concentrations below 550
ppm
— Avoid $3.0 trillion worth of new generation

— Save consumers $500 billion per year by 2030

— Eliminate the same amount of energy supplied by 2,000
coal power plants

— Return the globe to 2004 energy consumption levels

— Drive business productivity improvements and new
employment opportunities

Source: Realizing the Potential of Energy Efficiency
37 Managed by UT-Battelle (UN Foundation, JUly 2007)

for the Department of Energy




What’s next for energy efficiency and
demand reduction?

e Several new states to issue energy policy plans that include
energy efficiency targets

— “smart grid” experiments underway in southern states

— Experiment in the Pacific Northwest suggests a 15% DR
opportunity if customers are aware of the price points

o Traditionally low-price, fuel-rich utilities (TVA, Southern, Duke,
AEP) are issuing plans for demand reduction and energy
efficiency

e Southeast Energy Efficiency Alliance is gathering the 11
southern states together to determine meaningful targets for
this region

— Led by Gov. Bredesen (D-TN) and Gov. Crist (R-FL)

e Climate change no longer a debate---spurring action at the
state and federal level

— “Carbon will be priced and constrained in the near future...” Deputy Sec.
of Energy Clay Sell, April 2007, Washington D.C.

38 Managed by UT-Battelle
for the Department of Energy




Science and technology research for the 21st

century

For more information:
www.ornl.gov/eere
www.ornl.gov/oe
WWW.energy.gov
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