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The Energy Supply Factor 
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Projection for Oil Demand
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The Role of Developing Countries
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The Rising Cost of Energy
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The Environmental Factor
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Communities Around the World Are 
Demanding Clean Air
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Regulatory Agencies Are 
Responding With Tight Limits
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The Technology Factor
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Are Diesels Capable of Extremely 
Low Emissions?
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The Economical Factor
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What it Takes to Make it Work?
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Technology 2002/2004 2007 2010 2014

VGT/Boost 500 1500 1500 1500

EGR Valve 150 150 150 150

EGR Cooler 200 200 200 200

Advanced Injection 500 500 500 500

Variable Valves NA NA 700 1200

PM Filter NA 1800 1800 1800

LNT NA NA 1800 2000

Controls 300 300 400 800

Actuator/Sensors 200 250 350 500

TOTALS $1850 $4700 $7400 $8650

Cost Analysis of Diesel ControlsCost Analysis of Diesel Controls

®
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Transportation Technology
Projections
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What is Needed for the Future 

A prosperous future where energy is clean, 
abundant, reliable, and affordable. 

Specifically, an energy future where: … Our trucks, 
trains, & ships will be more efficient and will be 
powered by a variety of clean domestic fuels and 

technologies that free us from dependence on 
foreign supplies of energy. 
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Advanced Engine & Fuels TechnologiesAdvanced Engine & Fuels Technologies
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An Evolutionary Type Projection
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Introducing the HEDGE ConceptIntroducing the HEDGE Concept
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What is HEDGE?
High Efficiency Dilute Gasoline Engine
Inheriting Some of the Gasoline Low 
Emissions Attributes
Inheriting Some of Diesel’s High Efficiency 
Attributes
Benefiting From Existing Fuel Infrastructure
Incremental/Evolutionary Technology Change
Cost Advantage Potential
Using Existing manufacturing Infrastructure  



25 ®Magdi Khair October 2006

Description of HEDGE
E

m
is

si
on

s

Efficiency

Base
Engine

Boosted
Engine Advanced

Fueling

Exhaust Gas
Recirculation

(EGR)
High

Energy
Ignitors

IGN



26 ®Magdi Khair October 2006

200

250

300

350

400

450

500

550

600

0% 20% 40% 60% 80% 100%

% of Maximum Load

B
SF

C
 [g

/k
W

-h
r]

2004 MY PZEV SI Engine
17.5:1 CR HEDGE
12.5:1 CR HEDGE

Early Results Prove Concept Validity



27 ®Magdi Khair October 2006

25

30

35

40

45

50

500 600 700 800 900 1000 1100 1200 1300

MEP (kPa)

Th
er

m
al

 E
ffi

ci
en

cy
 (%

)

Single-Cylinder
BTE vs BMEP

Multi-Cylinder
Equivalent
BTE vs BMEP

Single Cylinder
ITE vs IMEP

CAT 3501 4L
RPM = 1200
Phi = 1.0
Fuel = Gasoline
93 ON
Diesel Micropilot

39%39%

HEDGE Thermal Efficiency



28 ®Magdi Khair October 2006

Summary & ConclusionsSummary & Conclusions
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SummarySummary & Conclusions& Conclusions
There is Global Pressure on Energy Supply

Developing Countries Continue to Exert Pressure 
on the Energy Supply as They Evolve Into 
Industrialization

The Quest For Cleaner Air is Adding Pressure 
Onto Future Transportation Technologies

While Long Term May Be For Fuel Cell & 
Hydrogen Economy, Short and Mid-Term 
Solutions Will Be Evolutionary

SwRI’s HEDGE Concept is Proving That Diesel’s 
Economy at Gasoline’s Low Emissions Levels 
Are Achievable
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