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Rocky Mountain Institute: 25 Years of Business-Led Environmental

Solutions

1983
RMI Founded by Amory Lovins in Snowmass, Colorado.

1999
RMI publishes Natural Capitalism

2004
RMI publishes Winning the Oil

Endgame, strategizing the U.S.
off oil by 2040

Winning

Natural Capitalis
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Over 100 Staff in Two Offices

Entrepreneurial Research and Consulting Focused on Energy Efficiency

Source: EIA.



RMVI’s wide array of Recent Clients in Transportation and Industry

Demonstrates Experience
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US Fuel Consumption by Sector
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Source: EIA. Annual Energy Outlook 2007 with Projections to 2030. Tables 2 and 7. Report
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Many alternative fuels and fuel efficiency measures exist... which path

should we choose?

Vehicle and Truck Platform Innovation Alternative Fuel Vehicles
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Source: RMI, Brookings Institution analysis



Today’s common vyield just a few times the energy returned over energy

invested (EROEI).

Gasoline [ EROEI M Range

Diesel

r Corn
MSwW
Sugarcane
Ethanol + Poplar
Switchgrass

Corn stover

\

Biomass (Gasification)

Feedstock & Fuel

Soybeans & Rapeseeds
Used cooking oil & Tallow
Biodiesel
Jatropha seed oil
Palm oil
Butanol

Renewable diesel

Renewable gasoline
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Ratio of energy returned over energy invested (EROEI)

While most biofuels maintain positive yields, this
representation does not portray other inputs to sustainability.

Source: RMI analysis



Bio-fuels emit fewer GHG than petroleum-based fuels, but are NOT CLEAN
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Gasoline and diesel fuels pollute significant, but the lower energy
content of the biofuels can cause more emission per mile.

Source: RMI analysis



Vehicle technologies differ in source fuel and efficiency.

Numbers

in red represent the

efficiency of that particular

energy conversion
process Resource-
Technology Abbreviation Energy Flow to-Wheels Benefits Drawbacks
Efficiency
Gas .
Internal 85% T 23% 90% Currently Relies on
Combustion ICE Engine |—» ~17.6% available, mass petroleum fuels,
Engine — produced CO2 emissions
Reduced oil
Compressed 90% 509 90°% ,
o ° 9 dependence Lack of fueling
NG N - )
Na\t/qul IGas CNG ' 17.8% and GHG infrastructure
Sl emissions
Cellulose, . (E85 ~9.0° Runs on either E85 has lower
E85 Flex E85 R Engine |—— @Q—Wi gtg Yo E85 (ethanol energy density at
Fuel Vehicle FFV Com 277 I blend) or higher cost than
~12.3 gasoline gasoline
M85 Runs on either M85 has lower
M85 Flex M85 el Engine 2> & w ~13.59 M85 (methanol  energy density at
Fuel Vehicle  FFV ; blend) or higher cost than
gasoline gasoline
5 Currently :
, 85% Relies on
Hybrid a——' O available, small
Electric HEV ~25.0% and p’?ItIrOIeH(m lejsls'{
Vehicle inexpensive still emits (albei

Source: RMI, Brookings Institution analysis



Vehicle technologies differ in source fuel and efficiency.

Resource-to-

Drawbacks

Powertrain  Abbreviation Energy Flow Wheels Benefits
Efficiency
- o
Electrified =X o [02”5'%
Vehicle Hybrid ; t‘(’) Can run on
Ele(c1:t(|)'f:4\éer2|icle PHEV ~38.5%, electricity only
AER) [electricity
path]
~ o,
Extended- 2.2'2 o
. [oil path]
Range Electric C
Vehicle to an run on
(10-40 mi ~38.6% electricity only
AER) [electricity
path]
No petroleum
Battery ~38.6% fuel required,

smaller
transmission

Electric Vehicle

No petroleum
3 Fue|60% 90% 95% . o fuel required,
Trans ~
Cell 14.2% smaller
transmission

Fuel-Cell
Electric Vehicle

Needs petroleum
fuel for long
range, expensive
battery

Needs petroleum
for long range,
expensive battery

More expensive,
heavier battery
pack, limited
driving range

Expensive and
heavy H: storage,
requires new
infrastructure

Source: RMI, Brookings Institution analysis

10



RMI Focuses on end use, yielding higher [fuel] savings upstream
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Electrified Vehicle Space Getting Crowded with Concepts, But Scale

is Critical and Uncertain Issue

Available Now

Planned for Release
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B green,
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v

Source: RMI analysis

Retrofit
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A New Energy Paradigm Driven by Multiple Industry Trends

_ g—

Finance

Insurance \
Tech R&D
Smart Grid
Firming Renewables /\ Grid Storage
Data Flow '
AR

Renewable Power

. Information

Li-ion Battery ‘
V2G
Money

Consumers Subsidies

Vehicle Electrificati ici Smart Chargi
ehicle Electrification —f=— Electricity 5 o ma argy
I '
7:
; N\ "

KEY SYSTEM|| MAJOR
PLAYERS TRENDS

Climate Change

Building/Vehicle -
Interaction (V2B) Y

SIS

Smart Garage represents the synergistic relationship between

Buildings, Transportation, and Energy Generation.
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Domestically, Demos are Sprouting Up In All Regions of the country
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Source: RMI analysis
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International Development Will Influence Domestic Development
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Thank you.

Questions?



