
Printed on Recycled Paper 1702

Alternative Resources, Inc.
1732 Main Street

Concord, MA 01742
(978) 371-2054



i

Table of Contents

1.0 Introduction ................................................................................................................ 1

2.0 Background Information............................................................................................. 2

3.0 Identification and Description of Technologies .......................................................... 3

4.0 Technology Review.................................................................................................... 6

5.0 Evaluation .................................................................................................................. 7

Tables

Table 3-1. Identification of Thermal Conversion Technology Suppliers
by Technology Category ................................................................................. 4

Attachments

Table 4-1: Representative Thermal Conversion Technology Suppliers
Table 4-2: GEM America
Table 4-3: International Environmental Solutions (IES)
Table 4-4: Ebara Corporation
Table 4-5: Entech Solutions
Table 4-6: Interstate Waste Technologies (IWT)
Table 4-7: Primenergy
Table 4-8: AdaptiveNRG
Table 4-9: AlterNRG/Westinghouse
Table 4-10: Plasco Energy Group





2

Although focused on municipal solid waste feedstocks, these technology studies solicited
reference facility and alternate reference facility data from advanced conversion technology
suppliers, including supplemental information regarding demonstration of the technology,
other types of fuels processed, such as biomass, and air pollution control equipment needs.
In general, the technology suppliers considered in these studies are representative of those
that have achieved a significant level of development and commercial application of
advanced conversion technologies.

2.0 BACKGROUND INFORMATION

Rock-Tenn Company operates a paper recycling facility located in St. Paul, Minnesota. As a
result of the Metropolitan Emission Reduction Plan (MERP) in 2003, the Xcel Energy coal-
fired High Bridge Power Plant, which had provided Rock-Tenn with steam for its operations,
closed. Rock-Tenn is currently utilizing its existing on-site power plant to meet its energy
needs. The on-site plant, however, uses natural gas and fuel oil (#6) at a significant increase
in operating costs.

For the Rock-Tenn Energy Center Project, use of a single unit is under consideration
highlighting the importance of reliability for application of advanced conversion technologies.
Two steam capacities are under consideration: 275,000 lb/hr and 150,000 lb/hr. Outlet
steam conditions are 675 psig/705ºF. The larger capacity (275,000 lb/hr) will meet the peak
thermal energy load requirements of the Rock-Tenn process. The smaller capacity (150,000
lb/hr) will meet the base load thermal energy requirements. With the smaller capacity, the
existing boilers at Rock-Tenn will be used to meet auxiliary steam requirements during the
balance of the year.

The Minnesota Legislature adopted Senate File No. 2096 providing for a grant from the
Minnesota Department of Commerce to the St. Paul Port Authority (SPPA) to study a new
energy facility to supply steam (thermal energy) to Rock-Tenn Company (Rock-Tenn Energy
Center Project). According to the Act, an eligible energy technology has the meaning given
in Minnesota Statutes, Section 216B.1691, Subdivision 1, except that it does not include
mixed municipal solid waste as an eligible energy technology. Accordingly, biomass and
RDF, a prepared fuel derived from processing mixed municipal solid waste, are considered in
this report. In connection with its duties under the Act, the SPPA engaged ARI to prepare
this report.

For the larger capacity (275,000 lb/hr), more than 1,000 tons per day of biomass or RDF is
estimated to be required to meet Rock-Tenn’s process needs. Biomass feedstocks under
consideration include wood waste and various agricultural by-products such as corn stover
and oat hulls. For the smaller capacity (150,000 lb/hr), approximately 600 tons per day of
biomass or RDF is estimated to be required to meet Rock-Tenn’s summer process load. The
quantity of biomass or RDF required is dependent on a number of site-specific factors,
including the higher heating value of the biomass or RDF and the amount of condensate
returned from the process.
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3.0 IDENTIFICATION AND DESCRIPTION OF TECHNOLOGIES

Emerging conversion technologies include a wide array of thermal, biological, chemical, and
mechanical technologies capable of converting biomass or RDF into useful products and
chemicals, fuels such as hydrogen, natural gas, ethanol and biodiesel, and energy such as
steam and electricity.

Emerging conversion technologies are successfully used to manage municipal solid waste
throughout Europe, Israel, Japan and other countries in Asia, but are not yet in commercial
operation in the United States. There have been pilot demonstrations of emerging
conversion technologies in the United States, but the absence of larger-scale demonstration
facilities and commercial facilities in this country has been an obstacle to demonstrating the
capabilities and benefits of these technologies for processing municipal solid waste.

Interest in advanced conversion technologies processing biomass and municipal solid waste
has increased in the U.S. in recent years, based on the desire to reduce dependence on
imported fossil fuels, and to reduce greenhouse gas emissions as well as to enhance
recycling and beneficial use of waste, and to reduce dependence on landfilling for municipal
solid waste. Investigations and initiatives have been conducted or are underway for
municipal solid waste in such locations as New York City; Los Angeles County, and Santa
Barbara (City and County), California. Many of the investigations to date have focused on
identifying advanced conversion technologies and compiling available technical,
environmental and financial information for such technologies. Some of these public-sector
initiatives include consideration of demonstration facilities, while others intend to proceed
directly to procurement for a commercial facility.

Characteristically, the development of advanced conversion technologies, and particularly the
presence of corporate sponsors and teaming partners for such technologies, is dynamic.
Factors such as success of bench-scale or pilot testing, availability of grant funding, trends
and changes in market conditions and the law, and growing or waning interest by the public
and private sectors, can impact the technologies that are actively being marketed or
otherwise under development. Technology transfer from other countries to the U.S. is also a
consideration for evaluation of advanced conversion technologies.

In consideration of the dynamics of advanced conversion technologies, many of the
investigations and initiatives that are underway have included a detailed search process to
identify current emerging technologies and the sponsors of such technologies. A
comprehensive search was conducted by New York City (Evaluation of New and Emerging
Solid Waste Management Technologies, Alternatives Resources, Inc., September 2004). A
similar search was conducted by the County of Los Angeles (Conversion Technology
Evaluation Report, URS Corporation, August 2005), and was recently updated by Alternative
Resources, Inc. as part of the next phase of the County's project; the County recently issued
a Request for Offers for commercial facilities to four conversion technology suppliers, based
on the findings of that update. One of the most recent searches was conducted by the City
and County of Santa Barbara, California (Evaluation of Municipal Solid Waste Conversion
Technologies, Alternative Resources, Inc., April 2008).
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Table 3-1 lists thermal conversion technologies that have been identified in the most recent
search efforts conducted by New York City, the County of Los Angeles and City and County
of Santa Barbara, California. Although the list provided in Table 3-1 is specific to municipal
solid waste and not biomass, and may not capture all possible technologies and corporate
sponsors, it represents a broad spectrum of thermal conversion technologies, including
companies that are more established in the industry and that have achieved the greatest
level of development (including, in several cases, commercial operation overseas and in
Canada).

Table 3.1. Identification of Thermal Conversion Technology
Suppliers by Technology Category

Thermal Processing

Gasification Pyrolysis
Ebara Corporation GEM America
Entech Solutions International Environmental Solutions
Interstate Waste Technologies
Primenergy

Plasma Gasification
AdaptiveNRG
AlterNRG/Westinghouse
Plasco Energy Group

Thermal technologies encompass a variety of processes that use or produce heat, under
controlled conditions, to convert biomass or RDF to usable products. The organic fraction of
biomass or RDF is converted to energy, and the inorganic fraction is recovered as products
(e.g., metal). Thermal technologies can potentially convert all organic components of
biomass or RDF into energy (i.e., all carbon and hydrogen-based materials, including plastic,
rubber, textiles, and other organic materials). MSW is a particularly heterogeneous feedstock
with characteristics and composition that can vary widely over short periods of time. Thermal
technologies that can effectively process such a heterogeneous material can readily accept
and effectively process RDF, which is more homogeneous and consistent than MSW, and
many biomass feedstocks.

Thermal processing includes technologies such as gasification, plasma gasification, and
pyrolysis, which use or produce heat, under controlled conditions, to covert biomass or RDF
into a synthesis gas (that can be combusted to generate electricity) and other usable
products (e.g., vitrified aggregate, carbon-based char, metal). Distinctions between the
different thermal technologies center around the processing temperature, the means of
maintaining the elevated temperatures, and the degree of decomposition of the organic
fraction of the biomass or RDF. The distinction between the different types of thermal
technologies is not always clearly defined, and, therefore, the sub-classification of many
thermal technologies is based largely on the representations made by the technology
suppliers.
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Of the three plasma technology suppliers identified, none have been operated at a reference
facility approaching the total capacity needed to meet the base load thermal energy demand
of Rock-Tenn.

Of the three gasification systems identified, both the Thermoselect process offered by
Interstate Waste Technologies (IWT) and a proprietary gasification technology offered by
Primenergy have been operated at a reference facility approaching the total capacity needed
to meet the base load thermal energy demand of Rock-Tenn. The reference facility for IWT
is a commercially operating facility in Japan processing MSW among other feedstocks at
612 tons per day. The reference facility for Primenergy is a commercially operating facility in
Arkansas processing rice hulls at 550 tons per day.

5.0 EVALUATION

When assessing advanced conversion technologies for possible application for the Rock-
Tenn Energy Center Project, two factors distinguish the Project; the significant steam
demand and the integral nature of the project to Rock-Tenn’s on-going business. The Project
may have fuel feedstock requirement of 600-1,000 tons per day, or more and, as the primary
steam supplier, advanced conversion technologies would be an integral component in Rock-
Tenn’s day-to-day operations. Any disruption to steam deliveries to Rock-Tenn would have
direct and immediate adverse financial consequences to one of the area’s major industries.
These aspects in turn demand technologies that have been successfully operated at large
scales and that have demonstrated operating track records. Based on these considerations
and the results of this limited technology review, only gasification among the thermal
technologies evaluated appears to have been demonstrated at sufficient scale to warrant
further consideration for application at the Rock-Tenn Energy Center Project.
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Table 4-1. Representative Thermal Conversion Technology Suppliers

Technology Supplier Introductory Description

Pyrolysis

GEM America GEM America, located in Summit, NJ, is the American subsidiary of GEM International, the owner and patent holder of the
GEM Thermal Cracking System. The technology has been demonstrated at a 40-tpd unit installed at a landfill in South
Wales, U.K., as well as industrial applications in the U.S.

International Environmental
Solutions

A California-based company that offers a pyrolysis technology it calls the IES Advanced Pyrolytic System. The technology
has been demonstrated at a 50-tpd pilot plant located in Romoland, CA (Riverside County).

Gasification

Ebara Corporation A Japanese-based company that offers the Twin-Rec (also called TIFG) technology, which consists of a fluidized bed
gasifier coupled with a high-temperature, ash-melting furnace. The technology has been in commercial operation in Japan
since 2000, with 25 units currently in operation and 6 plants in operation processing MSW.

Entech Solutions An Australian-based company that offers, as its core technology, a low-temperature gasification unit and a synthesis gas
(syngas) fueled boiler. The Entech gasifier has been in commercial operation overseas since 1989, with over 100 units
installed (including 20+ for MSW).

Interstate Waste
Technologies

IWT is the sole North American licensee of the Thermoselect high-temperature gasification technology. The Thermoselect
technology is currently in commercial operation at seven locations in Japan, processing MSW at some of these locations.
The oldest installation in Japan has operated for almost 9 years.

Primenergy A U.S.-based company whose primary business is engineering, procurement and construction of turnkey, biomass-fueled
energy conversion and recovery facilities, Primenergy offers a proprietary gasification technology supplied by Heater
Specialists, LLC, a sister company. Primenergy has 7 installations of its gasifier in the U.S. and 1 installation in Italy,
processing agricultural and unique waste streams (e.g., rice hulls, wood waste, carpet waste). The oldest installation has
operated for approximately 12 years.

Plasma Gasification

AdaptiveNRG A U.S.-based company that offers a patented plasma-arc gasification technology it calls plasmaFILL. The technology has
been demonstrated at a 100-tpd pilot plant in Monterey, Mexico, which has been processing MSW since 2005.

AlterNRG/Westinghouse AlterNRG is a Canadian firm that acquired Westinghouse Plasma Corporation in April 2007, and is the owner of the
Westinghouse plasma arc gasification system. AlterNRG is a technology supplier, but works with various project
developers in the U.S. that support the technology. The Westinghouse plasma technology is in commercial operation at
two facilities in Japan.

Plasco Energy Group A privately-held Canadian company that is the developer of the Plasco Conversion System, a patented process that uses
plasma arc gasification technology. The technology has recently been demonstrated with MSW at a 110-tpd commercial-
scale demonstration facility in Ottawa, Canada, which has been operating since July 2007.



Table 4-2. GEM America

Technology: GEM Thermal Cracking System
Technology Type: Pyrolysis
Reference Facility: Location: Tythegston Landfill Site, South Wales,

U.K.
Status: Commercial-scale Demonstration Facility
Capacity: 40 tpd (single unit)
Type of Waste: MSW
Operating Period: 2000-2001 (4 days/week, 6
hours/day)

Alternate Reference Facility: None
Supplemental Information
Regarding Technology
Demonstration:

GEM America has been marketing commercial
installations for industrial applications, but additional
information is not currently available

Type of Waste Processed: GEM's technology has been tested on a variety of
waste including MSW, commercial waste, wood
waste and plastics.

Air Pollution Control
Equipment:

The syngas is cooled and cleaned prior to
combustion in a reciprocating engine. The gas is
rapidly cooled in a blast cooler, which injects a mist
of chilled mineral oil into the gas stream. The
mineral oil spray removes particulates and chlorine.
Cooling occurs as the oil vaporizes. GEM has
reported that other cleanup steps could be employed
as needed: separation of fine particulates from the
hot gas using a cyclone, a second-stage cooler, and
de-sulfurization technology. Exhaust from the
engine passes through a dryer and then through a
thermal oxidizer, prior to being vented to the
atmosphere.



Table 4-3. International Environmental Solutions (IES)

Technology: IES Advanced Pyrolytic System
Technology Type: Pyrolysis
Reference Facility: Location: Romoland, California

Status: Demonstration Facility
Capacity: 50 tpd (single unit)
Type of Waste: MSW, MRF Residuals, Other
Operating Period: 2004 to present

Alternate Reference
Facility:

None

Supplemental
Information
Regarding
Technology
Demonstration:

The demonstration facility has operated intermittently for testing
purposes (including collection of operating data and air
emissions), and has processed in excess of 6,000 tons of post-
MRF (materials recovery facility) residuals. IES expects that
continuous operation will start in early 2008, pending receipt of a
required operating permit.

IES is in the process of manufacturing a 125-tpd system.
Type of Waste
Processed:

The IES technology has primarily processed MSW. Biosolids,
auto shredder residue, waste oils, biomass (wood waste), tires,
and other waste types have been processed at the
demonstration facility in limited quantities as part of research
and development efforts.

Air Pollution Control
Equipment:

Synthesis gas is combusted in a thermal oxidizer. The
combusted gas enters a heat recovery steam generator (HRSG),
followed by an emissions control system. The emissions control
system consists of a cyclone separator between the thermal
oxidizer and the HRSG, a baghouse immediately downstream of
the HRSG, SCR or SNCR (as required for NOx control), and a
wet scrubber/demister. The demonstration facility in Romoland,
CA, does not currently include the cyclone separator.



Table 4-4. Ebara Corporation

Technology: Twin-Rec Fluidized Bed Gasification Technology (also
called TIFG - twin internally revolving fluidized-bed
gasifier)

Technology Type: Fluidized bed gasifier coupled with high-temperature,
ash melting furnace

Reference Facility: Location: Kawaguchi City, Saitama, Japan (Asahi Clean
Center)
Status: Commercial Facility
Capacity: 420 tpd (3 units at 120 tpd each)
Type of Waste: MSW and bottom ash
Operating Period: November 2002 to Present

Alternate Reference
Facility:

Other plants processing MSW, which are smaller than
the Kawaguchi facility, are Sakata Area (2002), Ube City
(2002), Chuno Union (2003), Minami-Shinshu Wide Area
Union (2003), Nagereyama City (2004).

Supplemental
Information Regarding
Technology
Demonstration:

Twin-Rec technology has been in commercial operation
in Japan since 2000, with 25 units currently in operation.
Six plants (with a total of 16 Twin-Rec units) are in
operation processing MSW. Ebara's largest MSW
facility is the Kawaguchi City Asahi Clean Center,
identified above as a reference facility.

Ebara is continuing development efforts for its Twin-Rec
technology, with its "second generation" unit being
designed to de-couple the gasification process from the
ash melting furnace, to enable pre-cleaning of syngas
prior to combustion.

Type of Waste
Processed:

MSW, bottom ash, sewage sludge

Air Pollution Control
Equipment:

Air pollution control at the Kawaguchi City reference
facility includes, for each processing train, a baghouse,
wet scrubber and SCR NOx control. Diatomaceous
earth (a light, crumbly, silica-based material) is injected
into the gas stream prior to the baghouse as a
conditioner, to prevent clogging in the bag filters.



Table 4-5. Entech Solutions

Technology: Entech Renewable Energy System
Technology Type: Low-temperature gasification
Reference Facility: Location: Genting, Malaysia

Status: Commercial Facility
Capacity: 67 tpd
Type of Waste: MSW
Operating Period: 1998 to Present

Alternate Reference
Facility(ies):

First installation was in 1989 in Australia - a 53 tpd unit
processing MSW and industrial waste.

Supplemental
Information Regarding
Technology
Demonstration:

The first Entech gasifier was installed in 1989. There
are over 100 installations of the Entech gasifier world-
wide, with more than 20 installations fueled with MSW.
Entech's largest MSW facility is the Genting Corporation
facility, identified above as a reference facility.

Type of Waste
Processed:

MSW, industrial waste, medical waste, textiles, biomass

Air Pollution Control
Equipment:

The air quality control system for the Entech-RES
process includes a spray dryer absorber and fabric filter.
SCR NOx control may also be required.



Table 4-6. Interstate Waste Technologies (IWT)

Technology: Thermoselect
Technology Type: High-temperature gasification
Reference Facility: Location: Kurashiki, Japan

Status: Commercial Facility
Capacity: 612 tpd (3 units at 204 tpd each)
Type of Waste: MSW, Industrial Waste, and Incinerator
Ash
Operating Period: March 2005 to Present

Alternate Reference
Facility(ies):

Location: Chiba, Japan
Status: Commercial Facility
Capacity: 330 tpd (2 units at 165 tpd each)
Type of Waste: MSW and Industrial Waste
Operating Period: September 1999 to Present

Supplemental
Information Regarding
Technology
Demonstration:

IWT is the sole North American licensee of the
Thermoselect technology. The Thermoselect technology
has been demonstrated in numerous applications and is
currently in commercial operation at seven locations in
Japan. The Kurashiki reference facility identified above is
the largest installation. The oldest installation is in Chiba,
Japan (alternate reference facility listed above).

Type of Waste
Processed:

MSW, industrial waste, incinerator ash

Air Pollution Control
Equipment:

All Thermoselect facilities, including the Kurashiki and
Chiba reference facilities, include a syngas cleaning
system. A water-jet quench is used to rapidly cool the gas,
followed by an acid scrubber and then an alkaline scrubber,
a desulfurization process, and a wet ESP. After the wet
ESP, the syngas is reheated to avoid water condensation
in downstream equipment. Post-combustion control
includes SCR for NOx removal.



Table 4-7. Primenergy

Technology: Proprietary gasification technology supplied by Heater
Specialists, Inc., a sister company

Technology Type: Gasification
Reference Facility: Location: Stuttgart, Arkansas

Status: Commercial Facility
Capacity: 550 tpd (3 units)
Type of Waste: Rice Hulls
Operating Period: December 1996 to Present

Alternate Reference
Facility(ies):

The Stuttgart reference facility is privately owned and
operated and is not available for site visits. An alternate,
commercial facility that is available to visit is located in Dalton,
Georgia (80 tpd processing waste carpet, operational since
August 2005)

Supplemental
Information
Regarding
Technology
Demonstration:

Primenergy has eight installations of its gasification
technology, with capacities ranging from 30 tpd to 550 tpd. All
but one installation (the Stuttgart, Arkansas, reference facility)
consists of one unit. None of the installations process MSW.

Seven of Primenergy's installations are located in the U.S,
and one is located in Rossano, Italy (144 tpd processing olive
waste, operational since November 2001)

Primenergy has a 30 tpd demonstration facility in Tulsa,
Oklahoma, which has conducted demonstration testing with
various types of waste including RDF.

Type of Waste
Processed:

Commercial installations process rice hulls, olive waste, dried
sewage sludge, waste carpet, wood waste, and spent corn.
The demonstration plant has processed a variety of waste,
including RDF and numerous biomass materials.

Air Pollution Control
Equipment:

Primenergy has developed a patented process that cools the
syngas and cleans it (removing entrained ash and condensed
organics), allowing for use of the syngas in internal
combustion engines or gas turbines. Primenergy has
developed a dry scrubbing process it calls the S3 technology,
which removes inorganic chemicals such as chlorine and
sulfur from the syngas prior to combustion. The dry scrubbing
technology is intended to be used in place of post-combustion
air pollution control equipment.



Table 4-8. AdaptiveNRG

Technology: plasmaFILL
Technology Type: Plasma-arc Gasification
Reference Facility: Location: Monterey, Mexico

Status: Demonstration Project
Capacity: 100 tpd (1 unit)
Type of Waste: MSW and other
Operating Period: 2005 to Present

Alternate Reference
Facility(ies):

None

Supplemental Information
Regarding Technology
Demonstration:

Previous installations at Shell Oil Corporation for
refinery waste (1991, 1994 - operating 10 years
before replacement)

Type of Waste Processed: AdaptiveNRG reports that the technology can process
any waste that is high in carbon and low in metals,
including: MSW, green waste, C&D waste,
biohazardous and medical waste, tires, animal
products, low-grade coal and petroleum byproducts,
waste water, sludge, and unprocessed liquid waste.

Air Pollution Control
Equipment:

AdaptiveNRG uses a patented process it calls the
Regenerative Cleaning Cycle, which it describes as
follows. The waste input stream is conditioned with
lime powder and diesel fuel, to provide a more stable
fuel source and to adjust the pH balance of the fuel to
prevent creation of NOx, SO2 and dioxins. The
patented plasma nozzle creates a vortex within the
reaction chamber, causing metals, ash and heavy
elements to separate from the syngas producing a
cleaner gas product. The syngas is cooled with a
water bath upon exiting the reaction chamber, which
also removes remaining ash, metals or heavy
elements in the gas. Syngas is preconditioned a
second time with diesel fuel before going into a diesel
generator. No post-combustion control is suggested
by AdaptiveNRG.



Table 4-9. AlterNRG/Westinghouse

Technology: Westinghouse Plasma-arc Gasification System
Technology Type: Plasma-arc Gasification
Reference Facility: Location: Utashinai, Japan

Status: Commercial Facility
Capacity: 280 tpd for MSW/ASR (2 units)
Type of Waste: MSW and/or auto shredder residue
(ASR)
Operating Period: 2003 to Present

Alternate Reference
Facility(ies):

A second and smaller commercial facility is located in
Mihama-Mikata, Japan (26 tpd MSW and 4 tpd sewage
sludge, operational since 2002)

Supplemental
Information Regarding
Technology
Demonstration:

Operated on a pilot-scale (5 tpd) in Yoshii, Japan, from
1999-2000.

A research and development facility is located at the
Westinghouse Plasma Center near Pittsburgh,
Pennsylvania.

Newest application of the technology is under
development in St. Lucie County, Florida. The planned
facility will process MSW, with an initial capacity of
1,000 tpd and an anticipated expansion to 3,000 tpd
within a 5-year period. The project, which is being
developed by Geoplasma, Inc., is planned to be
operational in 2010.

Type of Waste
Processed:

The technology can process a variety of waste including
MSW, sewage sludge, and auto shredder residue.

Air Pollution Control
Equipment:

Syngas is cleaned prior to combustion. Details not
available.



Table 4-10. Plasco Energy Group

Technology: Plasco Conversion System
Technology Type: Plasma-arc gasification
Reference Facility: Location: Ottawa, Canada

Status: Commercial-Scale Demonstration Project
Capacity: 110 tpd (1 unit)
Type of Waste: MSW
Operating Period: July 2007 to Present

Alternate Reference
Facility(ies):

None

Supplemental Information
Regarding Technology
Demonstration:

None

Type of Waste Processed: Surrogate MSW for process development, composed
of compost, lumber scraps, paper, rubber,
polyethylene, sand and water; MSW

Air Pollution Control
Equipment:

The Plasco Conversion system gasifies the waste and
then refines that gasified product with the application
of plasma torches. For improved system performance
when processing MSW, a supplemental waste stream
with known energy content (e.g., tires) is fed with the
MSW to control the quality of the syngas. The syngas
is cleaned prior to combustion in a gas engine, using
what Plasco calls a "Gas Quality Control Suite". The
suite includes, sequentially: dry injection of activated
carbon or feldspar, baghouse, HCl scrubber, carbon
bed polishing filter, and a Shell Thiopaq system (H2S
scrubbing and biological sulfur recovery). Post-
combustion control applied to the engine exhaust
consists of urea-based selective catalytic reduction
(SCR) and selective catalytic oxidation (SCO) systems
to reduce NOx and CO emissions.


