Vehicles and Agriculture Energy
“Well Beyond Tune-Ups”

John Lumkes
Agricultural and Biological Engineering
Purdue University — West Lafayette, IN
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Long Term Goals

» Technologies for autonomous — robot like
multifunctional mobile machines and off road
vehicles

» For agricultural & construction machines and other
applications
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Humanity’s Top Ten Problems
for next 50 years
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2003 6.3 Billion People

Source: R. E. Smalley, Rice University 2050 8-10 Billion People
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Energy Trends in Consumption
* Good News:

» (State of the World Report, Worldwatch Institute 2004)
« Bad News:

 In the production of food, only 10-20% of the input energy is in production; 80-
90% is in transportation, processing, and consumption (Heller and Kaoleian)

Source: Energy Information
Administration, Annual Energy
Review 2004
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Overview

New Driveline Technologies
— Hybrid Drivetrains
— Valveless Electrohydraulics

New Engine Technologies

Tying it all Together
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Recent Trends in Transportation
(Will it influence agriculture?)

Resurgence of Hybrid Vehicles

Emphasis on Fuel Cells

Clean Diesel Technologies

New Engine Technologies
Increased Emphasis on Biofuels
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General Characteristics of Hybrid
Transmissions

< Potential Benefits (Assuming Energy Storage)

e Competing Technologies offer...

¢ Promises Include...

¢ Leads to Reduced Emissions
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Hybrids—Current EH Activity

« EPA HHV Program
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Hybrids—Current EH Activity

e Eaton: Hydraulic Launch Assist (HLA)
e Permo-Drive (similar concept)
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Advanced Energy Saving Actuator
Technology (Valveless)

* Pump control instead valve control

Controller

—
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Advanced Energy Saving Actuator
Technology (Valveless)

» Implemented Successfully in Several Test
Applications

Machine
Control

Controller [«

Source: Dr. Ivantysynova, Purdue '_-__'2.‘
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New Engine Technologies

* Clean Diesel Technologies

* EGR, simulation of combustion, multiple injections of fuel (piezo drivers)

» Catalysts
 Particulate Traps
* Forced by layered regulations for on-road and off-road
engine applications.
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Camless Engine Technologies
* Motivation
e Current Cam Driven Engines
e Camless Engines
« Most Manufacturer’s are using or considering VVA
c‘.“‘ i .':n
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Potential Benefits of Camless Engines

« Two Categories for Environmental Benefits

» Possible Improvements to Engine Efficiencies

» SAE 890674
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Simulation Results—Variable Lift
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— Design and Simulation of “Systems”
— Biofuels and more
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Advanced Vehicle Drive Line Control
Technologies
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Vehicle Driveline “ Systems” Approach

* Most flexible

(D
bH

* More difficult to control
(w/o accumulator) Engine H

Low Press{ire
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Future Challenges

« Systems Approach to Emerging Technologies

« Increased use of Knowledge Transfer Technologies

» Configurable EH multi-purpose valve.
« Intelligent Sensors and Actuators (Distributed)
» Provides benefits to all fields (AG/Auto/Industrial/etc.)
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What about Renewable Energy?

« Inthe US, renewable fuels account for only 2% of energy used.
e Wind
e Geothermal Power
e Hydroelectric
Report on the Basic Sciences Energy Workshop, US DOE, 2005
c‘.“‘ = .':n
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That leaves Solar Energy

« Categories: Electricity, Fuels (biomass), and Thermal
e Solar

« About the area covered by the federal highway system.
* About 0.16% of the land on earth would supply 20TW

Report on the Basic Sciences Energy Workshop, US DOE, 2005
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The Future of Bio Fuels

e US produced 3.41 hillion gallons of ethanol in 2004, a 21% increase
from 2005 (Renewable Fuels Association)

* Indiana Goals:

» Daimler Chrysler, Ford, General Motors, Isuzu, Mazda, Mercedes,
Mercury, and Nissan have E85 compatible models.
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The Future of Bio Fuels

» Advantages

» Disadvantages

« And thus controversial...
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What About Hydrogen?

e The two most common elements in the Universe
are hydrogen and stupidity.

» "l believe that one day hydrogen and oxygen, which
together form water, will be used either alone or
together as an inexhaustible source of heat and
light."
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The Future of Fuel Cells

» What must be done to achieve a “hydrogen
economy”?

« Liquid hydrogen is ~% the energy density of gasoline.
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The Future of Fuel Cells

» A source of hydrogen?

< Byproduct is carbon monoxide
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What is the Conclusion?
* Now is a great to be an engineer or scientist!

* Solutions need to be

* Improvements in and Utilization of Every Option is the Only
Way.
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Thank you for your Time.
Any Questions?

Contact Information:
lumkes@purdue.edu
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