" Coalition for Plasma Science
cordially invites Members and Staft to a luncheon

Environmental Protection and Energy
Savings Using Plasma Technology

Featured Speaker:
Dr. Daniel Cohn
MIT Plasma Science & Fusion Center

Catered by Red, Hot, and Blue

Wednesday, March 10, 2004

12:00 — Lunch + 12:30 — Speaker
Cannon Caucus Room

Although we may not know i, we are all familiar with plasmas, Fluorescem
ligghts, the suny and many large-screen TVs are all plasmas,

Plasmas are also providing practical opportunities for protecting the envi-
ronment. Plasma furnaces are beginning to be used commercially to tatally
destroy hazardous waste and comvert iU into clean hydrogen and other valu-
able produces. Tests have also shown that plasma hydrogen generation on
board a velicle can be used to provide a ten-fold reduction in nitrogen oxide
pollution from diesel engine trucks and buses. Perhaps even more impor-
tant are recent research results indicating that this process conld potentially
increase the efficiency of gasoline car engines by up to 30 percent and there
by reduce LS, gasoline consumption by 30 billion gallons a year.

Dr. Daniel Colin, winner of the 1999 Disgover Award for Technological
Innovation in Transportation, will show how plasmas can be used to save
energy in the transportation sector, and protect the environment.

plasm s fsrnace Phists by Lawra K. Coha

RSVP: Linda.Norman@ga.com; (202) 496-8212

Miihen wmsne msberiad an 4

The Coalition for Flasma Schence is @ group of organizations, companies and individuab joining forces 10 increase awareness and nasder
sunding of plavima sclence and it many applications and benefits for sodlety, For more hidormation abomt PS5 call 1877 PLASMAS
(1877 -752-Fo 170, send um emall fo CP5&@plasnmacoalition.org, or check ot the group’s web shie wt www. plasmacoalilonaorg
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Plasmas

Plasmas are electrically conducting gases.

Neon sign

Lightning Sun



Emerging Applications of
Plasma Technology

Environmental Protection

e Destruction of waste
* Reduction of pollution from diesel trucks and buses

Enerqy Savings

» High efficiency, clean gasoline engines



Other Applications

from the Coalition for Plasma Science

Sterilization
Water Purification

Cleaning of Smoke Stack
Emissions

Cleaning the Environment
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Disposal of Waste is a Growing
Worldwide Problem




Destruction of Waste in Plasma Furnace

current >

Electrode

Waste Destruction Process
* High temperature plasma
__________ i heating disintegrates waste
* Waste is not incinerated
* Pollutants from combustion

are eliminated
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Waste to Hydrogen

Electrode

EA Hydrogen
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Plasma Furnaces Are Beginning to be Used Commercially:
Destruction of Medical Waste in Honolulu, Hawaii

Plasma Enhanced Melter™
e .'II . h




Molten Waste Material In
Plasma Enhanced Melter™

Electrode
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Molten
waste
material

Photo by Laura K. Cohn
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Production of Molten
Material Without a Plasma

Kilauea, located on the
southeast coast of Hawaiii
IS still very active.
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Ash Residue is Converted into Glass

From medical waste
processed in Hawaii

Potential Uses:
e construction material

 sandblasting grit
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Test Facility for PCB Hazardous Waste
Destruction in Okinawa, Japan
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Advantages of Plasma Furnace

 Virtually eliminates dioxin and other air pollutants
m Eliminates hazardous ash
m Recycleswaste into clean hydrogen and other products

* Versuslandfilling
m Eliminates water, soil and air pollution
s Eliminates methane emissions (potent greenhouse gas)

e Economically attractive
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Other Plasma Furnace Applications

Reduces volume of radioactive waste and stabilzes it

DOE Hanford site
Richland, Washington

» Destroys chemical weapons
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Need For Diesel Vehicle
Exhaust Treatment

EPA regulations for heavy diesal trucks and busesin 2010
require large reductions in exhaust pollutants
= Nitrogen Oxides (NO,)
are major contributors
to smog

m SOot
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Plasma Hydrogen Enhanced NO, Trap

Small amount Plasma fuel
of diesel fuel —  * reformer

Jv Hydrogen

NO.

Diesel engine exhaust —»—» —» Trap > >

Exhaust Treaiment Process
- Trap captures NO.
- Hydrogen converts NO. into nitrogen and water

» Clean exhaust
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Plasma Fuel Reformer

Reaction Chamber
Plasma

Diesel fﬂ?'!—r_ . — > Hydrogen
A
Plasmatron Optional catalyst

for increased
hydrogen yield

Hydrogen Generation Process
Plasma initiates and maintains the
chemical reaction which liberates
hydrogen from diesel fuel.
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Plasmatron Fuel Reformer

Power: 250 watts
Weight: 2 lbs

MIT laboratory version

19



Bus Tests of Plasma Hydrogen
Enhanced NO, Trap

(ArvinMeritor test track in Columbus, Indiana)

Plasma Fuel Reformer
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Successful Test of NO, Removal
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Airflow clements boost
fan efficlency

Hard coatings increase
torgque threefokd
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burns off the NOx

Digging Up Frozen Mammoths in the Yukon
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COMPOSITES = ENGINE DOWNSIZING « MODULES MIT'S PLASMA BUS

Researchers at the AninMeritor Corporation and MIT's Plasma Science and Fusion
Center have unveiled a diesel-powered bus that emits 90 percent fewer nitrogen ox-
ides than the conventional version. Blectric current from the vehicle's generator creates plasma—hot, electri-
October, 2003 cally charged atomic fragments—that transforms diesel into a hycrogen-rich gas that then scours pollutants

from the vehicle's exhaust-treatment system. This is the first time such an apparatus has been used in a fully
functional vehicle. Daniel Cohn, leader of the MIT project, says his team's “plasmatron” fuel reformer could
clean up the diesel engines in commercial trucks and buses, which are a leading source of transportation pal-
lution in the United States. The plasmatron could also give cars and light trucks a boost, cutting emissions and
raising the efficiency of gascline engines by up to 30 percent for as little as $1,000 per vehicle,. —Alex Stone
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Need for High Efficiency Gasoline Engines

US Oil Consumption and Production
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High Efficiency Gasoline Engine
Using Plasma Hydrogen Enhancement

Hydrogen Enhanced
Onboard Turbocharged
Engine
Fuel Tank » Plasma |——» 9
Fuel Reformer
‘ Gasoline (25%) Hydrogen A
Gasoline (75%) '+ 30% more efficient |

+ 80% less NO.
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High Efficiency Operation
Hydrogen addition provides alarge increase in fuel
octane number.

High octane fudl allows higher performance engines
(turbocharging, high compression ratio).

Engines can be smaller and more efficient.
Hydrogen addition also facilitates ultralean burn.

Engine efficiency can be increased by up to 30%.
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Octance Number Enhancement

15

10

Octane Enhancement Using
Hydrogen Addition to Gasoline

difference between regular
-and premium gasoline

1 | I A | J
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% of Fuel Energy from Hydrogen Gas

(From experiments at MIT Sloan Automotive Laboratory, 2003)
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High Efficiency Gasoline Engine Using
Plasma Hydrogen Enhancement

» Concept in laboratory test stage

» Next step: vehicle tests

Gasoline

. Plasma
Fuel Tank &p Fuel
Reformer

Reformer ngirements
* Time response

+ Operating range

- Compact size

+ High Efficiency gasoline
to hydrogen conversion

Hydrogen

Hydrogen
Enhanced
Turbocharged
Gasoline Engine

A

Engine Issues:

* High efficiency under
actual driving conditions

- Control

Gasoline (75%)
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Reduced US Gasoline Consumption

High efficiency gasoline engine could be economically
attractive, and could eventually be in widespread use.

m Additional cost projected to be around $1,000
m Fud savings pay back time of 3to 6 years

Widespread use could increase average car/light duty
vehicle fudl efficiency by 25%.

US gasoline consumption could be reduced by
approximately 30 billion gallons/yr (corresponding to 2
million barrels of oil/day).
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Speeding up Timetable for Reduction
iIn US Oil Consumption

» Possible scenario for beginning of significant impact (e.g.
2 million barrel/day reduction)

Possible time for significant impact:

High efficient
hydrogen enhanced Hydrogen fuel
Gasoline engines cell vehicles

| h J kil

| | ! |
2000 2ﬂ|25 2050 2075 2200
<

30 years

» Gasoline consumption could be reduced by 800 billion
gallons before hydrogen fuel cell vehicles make a
significant impact.

o 20 billion barrel reduction in oil consumption



Summary

« Plasma furnace technology is beginning to be used commercially
to destroy waste and produce hydrogen and other useful
products.

o Use of plasma hydrogen technology to treat diesel exhaust
shows promise for meeting strict 2010 EPA requirements.

» High efficiency gasoline engines using plasma technology could
significantly reduce CO, greenhouse gases and dependence on
foreign oll.
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