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Introduction

This report addresses questions linked to the Palifddema Arc Gasification Endeavor
(PAGE). In general, Dovetail Partners has been asked to address a number of specific
guestions posed by PAGE committee members and the general public, and to investigate in
particular issues related to health, safety, andironment. These issues are discussed herein.

In preparing this report Dovetadonducted an extensive searchinformation, examining
considerablymore sources than are indicated in the references section of this report. For
sources that are citednks are provided to enable further independent study of information.
This document is not intended to provide a comprehensive discussion of plasma arc
technologies as this information is contained within a number of existing reports and scientific
articles

The use of plasma torché&sdevices in which high current electricity is passed between two
electrodes in the presence ofaperheated column of electrically conductive ¢@lasma) to
create extreme temperaturBds not new Westinghouse reportedlyegan building plasma
torches for NASA in conjunction with the Apollo Space Program as long ago as the 1960s for
the purpose of testing heat shields for spacecraft. The technbbx\beensubsequently
employed by various industriesver a period of manyearsto melt and cut metalsand to
dispose of hazardous materials.

Although plasma arc technology is not new, adaptation of this approach testaigesolid
waste disposal jsincluding gasification of waste and recovery of energy from the gas
generagéd As noted by Dodge (2009) OPlasma gasification of mixed solid waste (MSW) is a
fairly new application that combinegell-established subystems into one new system. The
subsystems are waste processing and sorting, plasma treatment, gas cleaniegemmyd
production. The integration of these systems is rapidly maturing, but has still not been built in
large industrial systems.O

A number of cities and municipalities across North America and globally are currently
considering plasma gasificatiomrf use in managing MSW as an alternativelaodfilling
and/or incineration.As with any new technology, there areany questions bothfrom those
being asked to invesh new facilities, and those who might be impacted by the operation of
those facilities.

An emerging application of plasma technology is in production of ethanol frorfooain
biomass. The primary goal in this case is production of a biofuel, rather than reduction of
waste. The new system can reportedly usebbiged construction wasés a feedstock, as well

as woody biomass, energy crops, agricultural waste, and some kinds of municipal wastes that
do not include food wastes as a component.

Plasma Gasification vs. Incineration

Fundamental Differences

There is a perception in somaagters that plasma gasification is essentially incineratoce

in both incineration and plasma gasification, wastes are reduced to much smaller vddwnes.
whereas incineration is focused on reduction of waste to ash, gasification ingohwessim

of waste to synthesis gas and inert slag with recovery of energy and valuable metals.



In its purest form, incineratiomvolves burning of organicé the presence of excess oxygen
converting thento heat, particulates, and a variety of combustionsyasth all of these vented to

the atmospheréodern incinerators seek to achieve complete combustguioying temperatures

in the 1,000 to 2,06@Fange to capture heat generated, and to manage emissions through pollution
controls (Miller 2007, USST 200). Ash is generally landfilled, witlthe content of ash often
requiring treatment as hazardous waste

Fundamentally different than incineration are a number of thermal conversion (sometimes
referred to as thermahemical conversion) technologies.ll Af these processes employ high
temperatures (1,20R,800&) in combination with little or no oxygen to decompose wastes.
The lack of oxygen in waste decomposition prohibits combustion and clearly separates these
technologies from incineration. Manyetimal conversion processes are designed to achieve
maximum gasification of wastes for subsequent use as fuel or recoverable heat/power
generation, while somB often referred to as pyrolysis syste@are designed for incomplete
gasification for the purpes of obtaining a variety of gaseous, liquid, and solid products,
including fuels, metals, and chemicals.

One form of thermal decomposition idapma gasification Plasma gasification employs
extreme temperatures (7,20@,600k&) in the absence or neabsence of oxygen (USST
2010), with organics and other materials dissociated into constituent chemical elements that are
then either collected (in the case of valuable metals), vitrified to produce an inerikpgass
slag, or reformed into synthesis gasttban be used as an industrial feedstock or converted to
energy. Burning does not occur in a plasma gasification unit, and so as with other thermal
conversion processes, gasification is completely different than incine(dtadte 1)

Table 1
Differences Between Plasma Gasification and Incineration
Plasma Gasification Incineration

Occurs in the absence or nei{ Excess air is induced to ensu
absence of oxygen, prohibitin complete combustion.
combustion.
Gases resulting from degradation| All potential energy converted t
organics arecollected and used fq heat.
production of various forms fg
energy and/or industrial chemicals
Products of degradation large Combustion results in ash (as mu
converted to inert (nehazardous) as 30% of original solids volumg
glasslike slag of a volume 66 to | that must often be treated
15% of the original sadls volume. | hazardous waste.
Emissions substantially lower thg Far greater emissions of GHG a
those resulting from incineration. | other pollutants than wh thermal
gasification systems.

As described by Heberlein and Murphy (20@8) typical plasma system for treatment of solid
wastes consists of (a) the plasma reactor, with collection of the metal (if applicable) and the
slag at the bottom, periodicaltgpped and cast into some usable form, with power supply,
cooling water supplies, gas supplies and control and data acquisition equipment, (b) a
secondary combustion chamber for allowing sufficient residence time at elevated temperatures
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to assure completreactions and gasification of soot; this secondary combustion chamber can
be fired either by a burner or by a low power #icansferred plasma torch; (c) depending on
the waste, a quenching chamber (usually water quench) to avoid formation of dioxins and
furans, (d) a cyclone for particulate removal, (e) a scrubber for eliminating acidic gases, (f) if
necessary a hydrogen sulfide absorber, (g) high efficiency filters or precipitators for small
particulate removal, (h) an activated carbon filter for rerhovdeavy metals and (i) finally a

fan for generating subtmospheric pressures in the entire installation. Additionally, various
forms of waste preparation and feeding systems have to be integrated with the®@eactor.

Regarding the collection of mesa(OaO above), IMTE AG (2007) explains that metals within
the processed waste melt and flow to the bottom of the gasifier vessel where they either mix
with the silicate, or if present in a large enough quanfdayn a separate layer that can be
collected

Andrijalevi" and Gero (2007) explain thatl@sma itself isa high temperature ionized,
conductive gas, which is created within the plasma torch by the interaction of the gas within an
electric arc. This interaction dissociates the gas into electrahgas, which enables the gas

to become both thermally and electrically conductive. The conductive property of the ionized
gas in the arc region provides a means to transfer energy from the arc to the incoming process
gas and, in turn, to the process arnmace. This state is called plasma and will exist in the
immediate confines of the arc within the torch.0 The most frequently used plasma gas is air;
nitrogen, carbon dioxide, steam, and argon are also sometimes used (Heberlein and Murphy
2008).

A plagna arc system designed primarily for the purpose of producing ethanol is the Coskata
OFlexO Ethanol systerfihis system is reported to involve plasma gasification and biological
fermentatioraided syngaso biofuels conversion to efficientlyeform ethand from various

forms of biomass. Pilot scale research thus far has focused on processing of pine chips,
although other forms of biomass including other kinds of wood, agricultural wastes, energy
crops, construction waste, and even some kinds of munigipate (Coskata 2009, Krebs
2009,Alter NRG 2010)

The Source Separation Issue

Incineration and plasma gasification are also sometimes critieiggactices that discourage
recycling. However,n both processes, source separation prior to processregdasmmended

In the case of incineration or landfilling, removal of household chemicals, medicines and
medical wastes, and batteries are critical in protecting groundveatetrolling emissionsand
reducing longterm risks associated with ash disposdh the case of plasma gasification,
source separation is recommended Foeéreasons:

1. Although metals and other inorganic materials can be effectively broken down in a
plasma arcany waste that has no net energy content requires electricity to the use
in its treatment, but does not produce electricity, thereby reducing overall efficiency
(Thomas 2007, USST 2010),

2. Sorting MSW to capture recyclable commodities such as paper, metals, and high
value plastics can be a more effective way to conserve ettieag by burnindor
gasifying] such materials and recapturing the energy produ@edlus Institute
2008)



3. Capturing recyclables can provide a potential revenue stream for the gasification
plant Highvalue plastics and papers that can be readily ragg are far more
valuable as recyclables than as f([2bdge 2009)

Removal of metals from the waste stream prior to processing is important (as noted
above) because large quantities can adversely impact plant efficiency. Small
guantities of metals aralso difficult to deal with since collection and separation of
small amounts of metals following gasificatioray not beeconomical.

4. Wastescontaining halogen and sulfur compounds are converted to hydrogen halides
and hydrogen sulfide and pass out lod reactor withthe other gases (IMTE 2007)
Wastes containindhigh concentrations of halogen, e.g. including most plgstic
require higher temperatures and quenclohg@xhaust gasesnd it is more difficult
to obtain a saleable garoduct (Heberlein ahMurphy 2008).

Plasma Gasification- Inputs and Outputs

Input Capability

Virtually any material,including lowlevel radioactive wasteinder certain conditionsan be
reduced using plasma gasification. Materials that can be safely and effecteatbdtinclude

coal, sludge, incinerator ash, hazardous fly ash, car fluff, medical waste, pathological wastes,
PCB oil pyrolysis products, ferrous chromium waste, fen@nganese reduction compounds,
titanium scrap melt, niobium recovery products, electiic furnace dust, Portland cement
manufacturing wastepaper, cardboard, plastics, fiberglass insulation and other products,
asbestos, woodglass, ceramicstubber, tires, asphalt shingles, used roadway aspbiilt,
sands, sewage sluddgearbor sludgecomposite materials containing resins, linoleum, plastic
piping, solvents, paintsand other carborontaining materialsncluding mixed solid waste

The system will also handle such materials as steel beams and rebar; copper piping; steel
aluminum, and epper wire and even concrete, stone, briclkdthough as noted earlier it
makes more sense from energy, environmerdatl economi@erspective to remove such
materials from the waste stream prior to procesgglena Group 20QZrhomas 2007, Dodge
2009). Plasma gasification will also handle treated waod even contaminated soidbotha
problem currently for both landfill and incineration operations.

Products

The principal product of plasma gasification is a low to medium calorific valuéheasis gas
composed of carbon monoxide and hydrogéhis gas can be burned to produce heat and
steam, chemically scrubbed and filtered to remove impurities before conversion to various
liquid fuels orindustrial chemicals/polymers, or used once cleaneal tasbine or engine fuel

to produce electricity Heat energy can also be recovered via water tube heat exchangers as the
hot syngas is cooled from abau®R00 to 408 (1,200& to 200C).

Solid wastes from plasma gasification includevitrified, glasslike, inert slagand small
volumes of other solids that come from cleaning of filters and disposal of chemicals collected
in the gas scrubbing process. The volume of solid wastearisusly reported am the range

of 1/250" - 1/128" the volume of tk incoming waste streagassuming a market for all the
vitrified slag and full recovery of all metalsyith the volume of slag determined by the
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proportion of normorganics in the material being treatéMiller 2007, IMTE 2010). In
contrast, two recent perts (Miller 2007, Northspan 200®. 3 suggest that the slag volume
itself amounts to only 1/280of the volume of processed solid waste. These low estimates do
not match other studies thatdicate a volumeof slag in relation to the volume of MSW
treated,in the 6 to 15%(1/16th to 1/6“) range (Thomas 2007, Heberlein and Murphy 2008,
Foth Infrastructure and Environment 200RB)should be note that this is a noitrivial volume

of waste that must be accounted for in project plannM#thile the slg material is potentially
marketable, development of profitable markets is not a given and cannot be taken for granted.

The productionof productsother than syngas and slag dependent upon the nature of the
waste stream. For instance, source separalead of the plasma arc could yield various
recyclable materials.In addition, metals sent through the process can be collected in molten
form for subsequent processing in smeltgnovided that the volume of metal is large enough
to warrant separatioand that the plant is configured to recapture metals. Small volumes of
non-economically recoverable metals wind up as part of the vitrified stdgorine and slfur

can also be collectechs byproducs, in the form of hydrochloric and sulfuricacids,
respectively

Emissions and Wastes

Other than the vitrified slag the plasma arc itselfdmaeslittle waste. As explained on the
following page and on page 9, there can be emissions that result from the plasma arc process
largely duringcleaningof syngas prior to combustion in a turbirme during the combustion
process itself, in converting syngas itmustrial feedstock and from cleaning of filters and
disposal of chemicals collected in the gas scrubbing process

Performance data for plasma gasation plants, many of which are pilot operations, is often
treated as proprietary. Thus, information regardmgput products of gasificatiomnd
problems that may be encountered is difficult to obtAm authoritative source dajasification
productsdata for plants worldwide is a 2009 University of California report that includes
summaries of test results for plasma arc facilities that process circuit boards, medical waste,
and MSW. Gasification productsmeasured included particulate mattédOx, SOx
hydrochloric acid,and trace amounts of mercury and dioxins/furans; in all cases emissions
were well below applicable standards for the regions involved (see TaB)es



Table2
EPA Environmental Technology Verification Testing (2000) of InNEnTec PlaSma
Gasification of 10 tpd of Circuit Boards, Richland, Washington

Emissions USEPA
(mg/N-M>@7%0,) Measured Standard
PM 3.3 20
HCL 6.6 40.6
NOX 74 308
SOx - 85.7
Hg 0.0002 50
Dioxins/fur ans® (ng/N-m®)** 0.000013 13

* Dioxins and furans are compounds consisting of benzene, raxggen, and chlorine that are considered to be
toxic or hazardous.
** Oneng/Nm3is one nanogram p@&ormal cubic meterNormal meas at standard temperatua@d pressure

Table3
EPA Environmental Technology Verification Testing (2000) of INEnTec Plasma Arc
Gasification of 10 tpd of Medical Waste, Richland, Washington

Results ofThird-PartyDemonstration Source Tests (200809) of Plasco Energy Plasma Arc

Emissions USEPA
(mg/N-M3@7%0,) Measured Standard
PM <3.3 20
HCL 2.7 40.6
NOXx 162 308
SOx - 85.7
Hg 0.00067 50
Dioxins/furans (ng/N-m°) 0.0067 13
Table4

Gasification of 110 tpd of MSWOttawa, Canada

Emissions EC 2000/76
(mg/N-M3@7%0,) Measured Standard

PM 12.8 14

HCL 3.1 14

NOX 150 281

SOx 26 70

Hg 0.0002 14
Dioxins/furans (ng/N-m°) 0.009245 0.14

It is importantto note that the test data shown in Tabled #does not represent actual
emissions to air, but rather potential emissions prior to contaminant removal from the exhaust
stream. Contaminant removal can be accomplished using a variety of air pollutionl contro
technologies.



The current situation regarding emissions is summarized in the 2009 University of California
report as follows:

Results from our analysis [based on independent source test reports, compliance
reports from regulatory agencies, and peaeviewed publications] indicate that
pyrolysis and gasification facilities currently operating throughout the world with waste
feedstocks meet each of their respective air quality emission limits With few
exceptions, most meet all of the current emissiontd mandated in California, the
United States, the European Union, and Japkinthe case of toxic air contaminants
(dioxins/furansand mercury) every process evaluated met the most stringent emission
standards worldwide. Facilities with advanced envir@ntal controls are very likely to
meet regulatory requirements in California. . .

Information from the University of California report, in summary form, can be found in a
Los Angeles County fact sheet (2009).

How Emissions/Wastes Compare to Ldilhbl ng

Stateof-the-art landfill operationgpose few environmental risksompared to those established
prior to design for control of leakagalthough greenhouse gas (GHG) emissions in the form of
methanecontinue to besignificant. Moreover, there is evahce that even sealed landfill
systems tend to leak eventualfederal and state regulations passed in the 198088sdo
manage disposal of solid waste reqditbat most landfills use liners aneachatecollection
systems to minimize the seepageground waterHowever, subsequent studigsPA 1988,
Christensonand Cozzarell2003) have found that lthough liners andleachatecollection
systems minimize leakagsuchsystemsmay notcollect all theleachatethat escapes from a
landfill. In addition over a period of time, th@ipesused in conveyindeachate carfail
because they crack, collapse, or fill with sedimerRlasma gasification poses none of these
risks.

Another question mark over the green credentials of waste gasification concemsjueticient

these plants are at producing energy and mamgigreenhouse gas emissions compared with other
methods of waste disposal.recent study by the Telluggtitute an independent think tank based in
Boston, compared gasification with landfill sites where methane is captured to be burned for energy.
It concluded that while gasification produces six times as much energy per tonne of waste as landfill
sites,landfills with methane recapture systems saveanda-half times as much CQequivalent as

the combination of gasification and syngas burning. The Tellus report also found that the energy
saved by recycling a given amount of waste is 3.4 times the etieggan be produced through
gasifying it.(McKenna 2009)

Health, Safetyand Environmental Performanceof Plasma Gasification Facilities

In investigating safety and environmental performance issues, an extensive search for information
was conducted foeach of the facilities listed in a recent report from the Georgia Tech Research
Institute (Table 5). An examination of scientific and technical literature, media reports, and other
sources of information reveals no health/safety problemd, fewenvirormental problems with
plasma arc disposal systems.

There are a number of years of experience in Japan and in France of using plasma arc technology t

treat ash from mixed solid waste incineration. No reports of operating problems for any of these

plantswere found. Similarly, no reports of environmental or health/safety problems were found for
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plants treating materials including asbestos, tannery waste, aluminum dross, catalytic converters,
medical wastes, and munition€@ne plant apparently did havenissions problems; pilot facility
operated by the Allied Technologi€aroup in Richland, Washington, designed for treatment of
hazardous wastes, was reported to have exceeded emissions limits on several occasions (discuss
further below).

The only twoplasma arc plants commercially treating mixed solid waste (MSW) in the world are
those operating in Utashinai and MihaMi&kata, Japan. The most -gepth independent
examination of the performance of these plants is chronicled in a 2008 report by Juniper
Consultancy Services, Ltd, in which safety, environmental, maintenance, and economic issues are
addressed. For the large (300 ton per day) Utashinai plant there have been no health/safety issue
with the plasma arc system through eight years of operatiahthe only reported environmental
problem occurred in 2007 when one or more specially coated bags used to absorb dioxins from flue
gases failed; in that instance dioxin limits reportedly marginally exceeded emissions limits (but
would not have exceededSJJEU, or Canadian standards). Other than that one incident, both the
Utashinai and Mihamdlikata facilities have operated well within strict compliance limits for
dioxin.

Regarding the record of other emissions from the Utashinai and Mikbikasa faciities, there

have been a few instances of emissions of HCI, NOx, and particulates that exceeded allowable
limits within Japan. Juniper evaluated emissions data against air emissions standards of the US
Canada, and the EU and concluded that emissions geserally within limits prescribed in these
standards, but that emissions of particulates from the MiMikata plant would not meet US and

EU particulates emissions standards, and that there had been periodic problems with HCI emissions
Similarly, it was noted that NOx emissions from the Utashinai plant appeared problemmatic when
evaluated against Canadian, US, and EU air quality standards.

Many reports of health anglafety problems witlthermal gasification systemsan be found in
literature producedby environmental interest groups and other souficieserick County Council
2004,Greenaction 2006, Greenaction 2008, Ciplet 2@®hnett 2009, McKenna 2009ncluding
reports of toxic emissions, leaks, and an explosion at a facility in Karlsruhe, @&errtas worth
noting thatvirtually all of these reported problems have occurred with thermal sysid@sthan
plasma arc gasification

In a 2009 reporCiplet statedthat @asification, pyrolysis and plasma incinerators have a dismal
trackrecordplagued by malfunctions, explosions, and shut do@iihe only such problems cited

in this report for plasma gasification systems relate to an Allied Technologies Group facility in
Richland, Washington that was designed to treat highly hazardous wadteding low level
radioactive material; the plant, now closed, experienced emissions problems during thp start
phase. A few other problems with the operation of this facility that were cited by Ciplet relate to
issues other than health and safety.



Table 5

Commercial Plasma Waste Processing Facilities

Capacity | Start
Location Population Materials Treated (TPD) Date Comments

Europe

Bordeaux, France 1.01 million | Ash from MSW 10 1998

Morcenx, France 4,993 Asbestos 22 2001

Bergen, Norway 213,000 Tannery waste 15 2001

Landskrona, Sweden 27,889 Fly ash 200 1983

North America

Jonquiere, Canada 54,872 Aluminum dross 50 1991

Ottawa, Canada 1.1 million | MSW 85 2007 | Demonstration plant. Scaig announced 2010.

Alpoca, West Virginia 613 Ammunition 10 2003

Anniston, Alabama 24,276 Catalytic onverters 24 1985

Hawthorne, Nevada 3,311 Munitions 10 2006 | Army ammunition plant.

Honolulu, Hawaii 374,676 Medical waste 1 2001 | Closed. Sold to Allied Technologies Group (ATG) and moved
Richland, Washington.

Madison, Pennsylvania 510 Biomass, const. waste 18 2009 | OPrecommercialO facility has been in operation since Oct. 20(

Richland, Washington 46,155 Hazardous waste 4 2002 | Three different pilot operations run at this site, with equipment
tested in various configurationgfore shipping to commercial
clients for installation. Emissions problems experienced sevel
times during startip of one configuration designed for treatmer
of hazardous wastes including ldewvel radioactive wastes.

U.S. Navy -- Shipboard waste 7 2004

U.S. Army -- Chemical agents 10 2004

Asia

MihamaMikata, Japan 28,817 MSW/Sewage sludge 28 2002 | No power generation or energy products produced. Slag usec
local road construction.

Utashinai, Japan 5,221 MSW/ASR 300 2002 | Designed strity for use withautomobile shredesidue but later
added MSW due to insufficient ASR quantities. Syngas genel
used to make steam that is in turn used for power generation.
found not suitable for recycling, so is landfilled.

Kinura, Japan 40,806 MSW Ash 50 1995

Kakogawa, Japan 268,565 MSW Ash 30 2003

Shimonoseki, Japan 1.5 million | MSW Ash 41 2002

Imizu, Japan 94,313 MSW Ash 12 2002

Maizuru, Japan 89,626 MSW Ash 6 2003

lizuka, Japan 78,201 Industrial waste 10 2004

Osala, Japan (Ibaraki Cty| 2.6 million | PCBs 4 2006 | Panasonic Eco Tech Center

Taipei, Taiwan 22.2 million | Medical and battery 4 2005 | National Taiwan University Research Facility

waste

Source: Georgia Tech Research Institute (2009).



A search for informabn on plasma gasification often leads to a frequetitd report
guestioning gasification system safetyd environmental performan¢@reenaction 2006hat
focueson the Thermoselect Karlsruhe, Germany gasification facikitgwever, t is important

to note that this i pyrolysis system with gasificatiof not a plasma gasification system.
Another facility that has also been cited as having problems, in this case with releases of
contaminated water, ia Thermoselect plann Fontodoce, Italy(Greenaction 2006, 2008;
Connett 2009); this facility is also not a plasma systeknother well publicized failureof a

waste gasification system that of the Ebara Corporation in Kanagawa, Japan. In this case, a
pilot (10t/day) fluidized bed incineratond waste gasification system was found to have been
releasing high levels of dioxin for years prior to discovery (Japan Times 2000a,b). A company
response (Ebara 2004) indicated that the problem stemmed from incorrect connection of
wastewater pinelines #te time of plant construction. The pilot plant was reportedly shut down

in 2003 (Theophiles 2003)Again, however, this was not a plasma arc syst&ile none of
problems cited in these reports are with plasmtasystemssuch information as is inteseéng,

and a reminder that investment in any new technology that does not have an established track
record should be approached with caution.

McKenna (2009) summarize the impact of these early problems puablic acceptance of
thermal degradation, writinthat O@sification is not without its detractors, partly because early
attempts to gasify garbage were environmentally and financially disastrous. A series of economic
and environmental problems at an early commercial gasification plant in Karlsruhear@erm
including a leak of toxic gases that temporarily closed the plant in 2000, caused the facility to
shut down for good in 2004. These troubles have tainted the reputation of gasifiGtahrby
association, plasma gasificatiosver sinced

Despitethe lack of documented health/safety/environmental problems with plasma arc systems,
the potential for problems is worth consideringpconsistencies in technical reports suggest a
possiblity for problems, even though promotional literature suggestsvigbe

Circeo(2010), for instance, described a plasma arc gasification system as a closed loop system
that yields no direct gaseous emissions to the atmosphere and that has no landfill requirements.
The Plasco Energy Group (Miller 2007) advertise$ thare are no air emissions from plasma
gasification during syngas production and that a plasma system has no smoke stack. While these
claims are technically true, they are also misleading as emisgiaesult as the gas is released

from the gasificabn chamber. USST (2010) reports that emissgarsresult when syngas is
converted to electricity in a gas turbin&imilarly, IMTE AG (2007) indicated that halogen and

sulfur compounds present in the material being processed are converted to hydiidgerahd
hydrogen sulfide, and that these pass out of the reactor with the other gases. They also noted that
some metals are not melted, but instead are vaporized and conveyed out of the plasma
gasification vessel with the gases formed by decomposifimrganic material. When these
gaseous metals enter cooling chambers fine metal particulates can form.

There can be an additional problem when chlorine is present, according to retired University of
California professor Thomas Cahill (McKenna 2009). édplained that Oif you pass mixed

waste with chlorine in it through a plasma arc, you get metal in the [syn]gas that otherwise
shouldnOt be there.O0 He went on to say that these metal pollutants could escape into the
environment when the gas is burneBlasco Energy Group, Ottawa, Canada, which has been
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running a wast¢o-energy pilot plant for several yearsommented on chlorine concerns
(McKenna 2009), saying that their plant operators remove virtually all the chlorine before
combustion and that thei® Ono chance for dioxins to formO; yet test data from the Ottawa plant
(Table 4) show some, albeit very low, dioxin emissions.

Plasma gasification is also said to produceaiin and particulate matter when combined with
electricity generation(Alliance Federated Energy 2010)hough such emissions, as well as
releases of carbon dioxide and other gases are described as minimal per megawatt hour of
electricity produced as compared to incineration.

That emissions result from plasma arc gasification, inolydioxins and furans, is obvious
from the test results shown in Tabl2st (page6). In properly operating systems such
emissions are far below allowable limits. But proper operation depends upon a number of
subsystems operating in concert (see pa)e Thus, there is a need for attention to
emissions control in planning, and vigilance in monitoring once a plant is up and running.

One additional potential health/safety concern is worth notégiow-decade old report from

the Secretary of the Enerdydvisory Board Panel on Technological Alternatives to Incineration
(2000) questions the reliability of plasma torch technolggyming out that the watecooled

copper torch must be replaced periodically to prevent-ttuough at the attachment poirittbe

arc and a subsequent steam explosion due to rapid heating of the released cooling water.
Whether this remains a concern is uncledthough Heberlein and Murphy (2008) comment on
electrode erosion, explaining that this can be avoided by usingi@fraguency induction
plasma reactorIn any eventerosion of electrodeanddegradation of plasma torch performance
reportedly needs to be addressed through periodic inspections and main{@eacies et al.

2005 Heberlein and Murphy 2008

Why Plasma Gasification Has Not Been Used Until Now for Processing MSW

Onegquestion that has arisen is why plasma arc technology, though in use in various parts of
the world for many years now, has not been applied commercially to the processing of
mixed sold waste. Recovered Energy, Inc. (2010) addresses this question directly with the
following statement:

If plasma gasification is the best solution, the obvious question is WHY there arenOt
more plants processing MSW using plasma? There are 100 plantatiageon
numerous different types of wadbewhy not MSW? The answer is simple. The
capital cost is very high. MSW has very low tipping fees and no one has ever worked
out the economics in the past.

USST (2010) says much the same thing, pointing tat &alarge scale plasma gasification
facility is expensive, and it takes the right combination of tipping fees, electric power rates,
and other highevalued products to pay for the facility.

According to Heberlein and Murphy (2008) plasma treatmentclsarly advantageous
Qwvhere landfill is difficult or impossible, where storage costs are encountered, or where
stringent emission standards make combushiased treatment expensi@elThey further
observe that ®¢re appears to be no general conclusiofar on how much a more efficient
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conversion of the heating system of the waste into syngas and/or electric power will
influence the economics of plasma processes compared with incineration prézesses.

Some clarity regarding plasma arc potential for pracgsSW may soon come to the
North American scene. Very recent reports indicate that the much studied and often
maligned Plasco pilot plant in Ottawa, Canada is on the verge of giving way to two large
commercial scale facilities. A March 8, 2010 postiiig Cleantech Perspectives
(Anonymous 2010) reports that contracts were signed on that date to build comseatzal
plasma arc MSW processing facilities in Ottawa and Red Deer, Alberta.

Summary
Independent investigation of plasma arc gasification isigtudy shows that:

I The plasma gasification process is distinctly different than incineration,
resulting in fewer emissions, a smaller proportion of solid residue
following processing, a residue (slag) that is inert and a potential raw
material for valueadded products, and a synthesis gas that can be used to
generate heat or power, or as a feedstock for production of industrial
chemicals or liquid fuels.

I Source separation prior to plasma arc processing is highly desirable from
economic and environmentpérspectives.

I Virtually any material can be decomposed in a plasma arc system.
However, to achieve a favorable energy balance the volume of
inorganics in the waste stream should be minimized.

I The main solid product of plasma %asification Is a gldss (vitrified)
inert slag that amounts to 1/120 1/6" the volume of the original waste
stream.

I Although it is possible to recover metals following plasma arc treatment
it may not be economical to collect and separate small volumes.
Processing of largevolumes of metals is prohibitive from an energy
balance standpoint.

I There are no documented cases of health/safety incidents or issues in or
related to plasma gasification plant§here may, however, be a potential
for a steam explosion in the gasifimat chamber due to erosion of the
plasma arc.

I Despite occasional claims to the contrary, thare emissions from
plasma gasification when gases are subsequently used in energy
generation and such emissions have occasionally been found to exceed
limits prescribed in air quality standard®lanning for emissions control
and subsequent monitoring is important.
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