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Abstract

In the fourth round of the Clean Coa Technology Program, the U.S. DOE sdlected the proposa from
Sera Pacific Power Company (SPPCo) to demondtrate the commercid viability of ar-blown, pressurized,
fluidized-bed Integrated Gasification Combined Cyde (IGCC) technology for utility power generation. The
project will dso demondrate firing alow-Btu gas in an advanced gas turbine as well as showing the long-

term rdiability, availability, maintainability and environmenta performance of this IGCC technology on a
commercid scae. The U.S. DOE' s share of the project is $168 million, with SPPCo paying the remaining
50% of the $336 million total cost. SPPCo completed congtruction of the Fifion plant in February of 1997
and began operating the power idand portion of the plant. The Pifion plant is located at SPPCo’s Tracy
Station, 17 miles east of Reno, Nevada. The Pifion IGCC project uses hot-gas cleanup and features a
Kelogg-Rust-Westinghouse (KRW) fluidized-bed, ash-agglomerating gasifier operating in an air-blown

mode. Since the gasfier wasfird fired in January 1998, SPPCo has made dow progress toward achieving
integrated operation of al systems. SPPCOo’s progress has been dowed by problems mostly externd to the
gasfier. The purpose of this paper is to summarize the technology featured in the Pifion IGCC Project,

discuss some of the operational problems and present the project Satus.

The Clean Coal Technology (CCT) Program

The Pifion Pine Project is part of the U.S. DOE's CCT Program. The CCT Program is a unique
partnership between the federd government and industry that has as its primary god the successful
introduction of new clean cod utilization technologies into the energy marketplace. DOE has implemented
the program through a series of five naionwide competitive solicitations. Each solicitation has been
associated with specific government funding and program objectives.  After five solicitations, the CCT
Program comprises atota of 40 projectslocated in 18 states with acapitd investment vadue of nearly $6.0
billion. DOE’ s share of the project costsis about $2.0 billion, or gpproximately 34 percent of thetotd. The
projects indusgtrid participants are providing the remainder C nearly $4.0 hillion.

Most of the demongtrations are being conducted at commercia scale, in actud user environments, and
under circumgtances typica of commercia operations. These features dlow the potentid of the
technologies to be evauated in their intended commercia applications.



I ntegrated Gasification Combined Cycle (IGCC)
Among the technologies being demondrated in the CCT program isIGCC. IGCC isan innovative dectric
power generation technology that combines modern cod gasification with gas-turbine and steam-turbine
power generation technologies. Fuel gas produced by a gasifier is cleaned and burned in agas turbine to
produce eectric power. Hesat recovered from the hot exhaust of the gas turbine produces steam that turns
a steam turbine generator to produce more dectricity.

IGCC power plants are environmentaly acceptable and easily sited. Atmospheric emissions of pollutants
arelow. Water useislower than conventiona coal-based generation because gas turbine units require no
cooling water, an epecialy important consderation in areas of limited water resources.

Dueto their high efficiency, less cod is used per megawatt-hour of output, causing IGCC power plantsto
emit less carbon dioxide (CO,) to the amaosphere, thereby decreasing globa warming concerns. Less cod
use also reduces disposa requirements for ash or dag if thereis no market for these materias.

Both greenfiddd and repowering application of IGCC could provide the flexibility needed for utility
compliance planning for SO, emissions in the next century. Providing 25 percent of cod-based dectricity
by IGCC would result in emissons of less than 0.4 million of the 11.8 million tons'year of SO, dlowable
under the Clean Air Act Amendments.

Modularity and fud flexibility are other important attributes of IGCC power plants. Before the gesifier is
congtructed or when it is not available, the combined cycle unit can be operated on other fuels, such as
naturd gasor fud ail, to provide power. The Sze of gas turbine units can be chosen to meet specific power
requirements. The ability to operate on multiple fuels dlows continued operation of the gas turbine unit if
the gadfier idand is shut down for maintenance or repairs, or if fud costs warrant operating only the gas
turbine,

Efficency improvements are expected to result
from design improvements which increase overdl
geam and thermd integration, use of higher firing
temperature gas turbines, and other technology
enhancements such as hot-gas cleanup.

The Pifion Pine Power Project

Project Participant

Sierra Pacific Power Company (SPPCo), the
Participant in the Pifion Pine Power Project, isan
investor owned utility with headquarters in Reno,
Nevada Its service area is primarily Northern
Nevada and asmdl part of Cdiforniain the Lake
Tahoe area. SPPCoO'stota generation capacity is
965 MWe, produced primarily from three steam
power plants Tracy, Fort Churchill and North Vamy. There are dso severd gas turbine generating units.

Figurel. Sierra Pacific’'s Tracy Station
east of Reno, Nevada.




North Vamy conssts of two cod-based 250 MWe units that are jointly owned with Idaho Power
Company. There are two interties with other states, a 345 kV line to Idaho and smdler interties to
Cdifornia

Cost

The estimated congtruction cost of the first-of-a-kind Fifion Pine Power Plant is approximately $232 million
and the 42 month demondiration is estimated to cost $104 million; the total cost of $336 million is being
shared equdly with DOE.

Other Key Firms

SPPCo contracted with Foster Whedler USA Corporation (FW USA) for overdl project management,
engineering, procurement and congtruction of the project. FW USA in turn has subcontracted with The
M.W. Kdlogg Company for the complete engineering and procurement of key components of the gagfier
idand. Generd Electric Company (GE) is the supplier of the gas turbine and steam turbine units.
Westinghouse Electric Corporation provided the hot particulate remova system.

Area/Ste Description

The Pifion Pine Power Plant Project islocated at the Tracy power plant in Storey County, Nevada, about
17 miles east of Reno, on Route 80. The Steis on flat terrain abutting the Truckee River in the Truckee
River Canyon. Figure 1 shows the plant.

The Tracy power plant Site is about 724 acres containing three oil/gas fired steam generating units (53
MWe, 83 MWe and 108 MWe), two 83.5 MWe simple cycle gas turbine units, and two smaller gas
turbine units (10 MWe each).

Gasifier

This Pifion gasification idand features the Kellogg-Rust-Westinghouse (KRW) pressurized fluidized-bed
cod gasification technology, which operates & moderate temperatures and uses air in the gasification step.
The technology utilizes advanced hot-gas cleanup to control emissons of sulfur and particulates and results
in greater efficiency than plants with cold-gas cleanup.
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Figure 2. Pifion Pine Project block flow diagram.

The KRW gadifier, currently licensed by The M.W. Kellogg Technology Company, is the product of 13
years of deveopment a the Wdtz Mill, Pennsylvania Ste and earlier bench scde dudies a the
Westinghouse Research Laboratory. About 13,000 hours of operating experience on a 20-ton-per-day
Process Devel opment Unit was accumulated, including about 3000 hours of hot-gas cleanup. The process
has been shown to operate economicaly and efficiently in ether the air- or oxygen-blown modes, and to
be applicable to al grades of coal.

Low-sulfur bituminous cod (from the Uinta Basin in Utah), ar, limestone (from nearby Carson City,
Nevada), and deam are fed to the gadfier. Some of the cod is burned to maintain an operating temperature
of about 1800°F (982°C), and the remainder devolatilizes and reacts with steam to yield araw fud gas.
The gas contains hydrogen (H>), carbon monoxide (CO), methane (CH,), nitrogen (N ), carbon dioxide
(CO,), water vapor (H,0), hydrogen sulfide (H,S), carbonyl sulfide (COS), ammonia (NH), and entrained
particulate matter. Figure 2 illustrates the process.

The gasifier operating temperatureishighenoughthat 1 5p1e 1. As Received Coal Properties
the product gas is free of tars and oils. With the

low-sulfur cod (see Table 1) usad in this project, Btulb 11,188
about half of the sulfur is removed in the gasifier by Sulfur, % 0.37
the limestone. Ash, any unreacted char, spent Ash, % 8.80

limestone and unreacted limestone is withdrawn from Moisture, % 10.97




Figure 3. Coal unloading and coal
storage dome. A 20-day supply of

cnal iskent in thig 280-fnnt diameter

gasis cleaned at atmospheric pressure.

the gadfier bottom. Appendix | describes the gasfier and
gasfication process in more detail. Figure 3 shows the
cod storage and unloading facilities. Figure 4 showsthe
KRW gasfier during ingalation.

Gas Cleanup

Gas cdeanup equipment in an IGCC power plant is
relatively inexpensive compared to flue gas cleanup in a
conventiona cod-steam power plant. An IGCC plant
requires smaler equipment because a much smdler
volume of gas is cleaned. The gas volume is smdler
because contaminants are removed when the fuel gasis
pressurized and before the fud gasisburned. In contradt,
the volume of flue gas from a cod-steam power plant is
greater because the fud has been combusted and the flue

After cooling the gasifier effluent to 1000°F (538°C), with production of steam for power generation, the
raw fue gasis cleaned of remaining sulfur to 20 parts per million by aregenerable sorbent. The hot-gas
cleanup system utilizes a trangport absorber, and spent sulfur sorbent is regenerated in a transport
regenerator that is integrated with the absorber. These trangport systems are an outgrowth of proven
refinery equipment, and result in considerably lower capitd costs and operating codts than fixed-bed
desulfurization technology. Refer to Appendix Il for more information on this process.

Particulate matter in the desulfurized cod gas that exits the transport desulfurizer must be removed
before the gas enters the gas turbine. A hot-gas filter, supplied by the Westinghouse Electric
Corporation, removes essentidly dl of the remaining particulates. The hot-gasfilter isaceramic candle
typefilter that is cleaned of accumulated filter cake by back pulsing with recycle product gas. Thefilter
elements are housed in a stedl vessal with access for replacement of candles. Figure 5 showsthe

arrangement of thefiltration system.

The system operates at 1000°F (538°C), the gas turbine fud inlet temperature. This temperatureislow
enough to condense any volatile dkadi metal compoundsin the fuel gas on thefilter cake, thereby

preventing damage to the gas turbine.



i L L 5
LR P

b

Figure4. Cyclonefor KRW
gasifier being lifted for
installation. Gasifier is in
support structure.

to supply nitrogen to purge the system.

Waste Treatment

Power Island

The cleaned hot gasis delivered at 1000°F (538°C) to aGE
model MS 6001FA gas turbine unit, where it is burned to
produce about 61 MWe of dectric power. The advanced
firing system (rotor inlet temperature of 2350°F/1288°C) and
cooling system of Fclass gas turbines provide combined cycle
power plants with the highest totd-cycle efficiency of any
proven type of fossl-fueled eectric power generation system.

Thiswill bethe firs Mode MS 6001FA gas turbine to operate
on low-Btu fud gas. Combustion testing of low-Btu fuels at
GE confirmed that the unit will operate satifactorily on fud gas
from the KRW gadifier.

Asarealt of the ar-blown gagfication process, the fud gasis
about 49 percent nitrogen. This significantly contributesto the
moderation of pesk temperatures reached within the gas
turbine combustors, and thereby causes the formation of NOy
to be less than it would be otherwise.

Hot flue gas leaves the gas turbine and enters a Heat Recovery
Steam Generator (HRSG), which generates steam a two
pressure levels. The high-pressure steam (950°F/950 psia,
510°C/67.17 kg-forcelcn?) is for power generation. The
low-pressure steam (90 psial6.33 kg-forcelent) is used in the
steam turbine generator and esewhere. The steam turbine
produces 46.2 MWe of power. Fue gases are released to the
atmosphere through a 225-foot stack. Figure 6 shows the gas
turbine and HRSG.

Auxiliaries consume about 7 MWe, resulting in anet output of
about 100 MWe. Paraditic power consumption is low
(compared to that required for an oxygen-blown gasifier)
because the Fifion plant only needsasmadl air separation plant

Solids leaving the gadifier are treated in the Sulfator, located in the gasifier structure. The Sulfator is a
fluidized-bed combustor, which uses limestone for sulfur capture. Here, spent gasifier sorbent is converted
to cacium sulfate and the remaining char is burned, producing steam.

Also, regeneration gas leaving the trangport system is routed to the Sulfator for SO, capture by the
limestone. Appendix |l describes the Sulfator in more detail. The Sulfator product solid waste may be sold



to the agriculturd and congruction industries, or placed in alandfill. Fines captured by the ceramic filter
are routed to the fines combustor, the exhaust from which produces steam for power production in the
Seam turbine.

Since water is not condensed in the gasifier idand, there is no waste water effluent or cost associated with
wadtewater trestment. Boiler feedwater treatment effluent and cooling tower blow-down flow to the
evaporation pond.

Efficiency

The Fifion IGCC power plant is designed to have a net heat rate of 8390 BtuwkWh (efficiency of 40.7
percent), higher heeting value basis, which is 20 percent higher efficiency than a conventiond cod-fired
power plant of smilar output. The superior efficiency is aconsequence of the system’ s technology and its
. desgn, which indudes a high levd of sysem
N integration.

]| Exanples of sysem integration indude the
| following: gasification air is extracted from the air
compressor of the gasturbine, thereby utilizing its
A large and efficient air compressor; for optimum

lr g efficiency, the gadfier operating pressure was
=] sdlected to match theinlet pressure requirement of
the gas turbine; steam produced from various gas
and solid cooling stages is integrated into
appropriate elements of the process and power
generation system.

Figure5. Hot Particulate Removal System. Environmental Considerations

The Fifion Pine Power Plant Project isdesigned to
have alow environmenta impact. Because of the
plant’ sinherent high efficiency, the Pifion plant will use less naturd resources (cod, limestone and water)
than a conventiond cod-fired power plant. Water use, especidly important in desert regions, is 20 percent
lessthan that of conventiona cod-based generation. Table 2 shows expected inputs and output of the plant.




Table 2. Expected Inputs and Outputsat Full Load, 100 % Capacity Factor

Capacity, MWe 107 Gross
100 Net
Power Production, MWh/yr 832,200
Inputs
Fud Consumption, tonsfyr 321,420
Limestone, tonglyr 20,120
Water Consumption, cu ft/sec
Cooling Tower (surface water) 1.522
Deminerdizer (groundwater) 0.145
Utility Stations (groundweter) 0.001
Outputs
Air Emissons, tons'yr
Sulfur dioxide 225
Oxides of Nitrogen 575
Particulate Matter 123
Carbon Monoxide 304
Carbon dioxide 790,000
Aqueous Effluents, cu ft/sec
Cooling Tower Blowdown 0.117
Evagporation & Drift 1412
Deminerdizer Waste 0.0082
Gadfier Stream Waste 0.0732
Solid Waste
Sulfator, tonglyr 43,635

Solid waste produced will be less than from a
conventional cod-fired power plant with a wet
scrubber. The wastewater evaporation pond will
be double lined and provided with monitor wells.

Atmospheric emissions are expected to be lower
than permit requirements. Conservatively about 91
percent of the sulfur fed to the plant will be
captured by the hot-gas cleanup system. The total
level of sulfur capture would be about 98 percent
if ahigh-sulfur coal were used insteed of the low-
aulfur cod. Resultant ambient air quaity will meet

dl requirements, including those for Prevention of | Figure 6. General Electric MSB001FA gas
Significant Deterioretion of ar quality. turbine (right) connected to HRSG (l&ft).




NO, emissons are expected to be lower than values used for permitting. These vaues conservatively
assumethet al of the ammonia produced in the gasifier is converted in the gas turbineto NO,. Based on
unreported data, engineers expect that less than haf of the ammoniawill be converted to NO..

NOy emissons are inherently low because the high nitrogen content of the low-Btu fuel gas has atempering
effect on the combustion temperature. The hot ceramic filter system is expected to be more effective than
an electrogtatic precipitator or baghouse in controlling particulate emissons.

Project Milestones

To achieve smooth operation of the IGCC system, the operation of the combined cycle syssem must be
reliable and smooth. Startup, performance testing of the combined cycle system and synchronization with
the grid were achieved with aminimum of issues.

SPPCo firg fired the gas turbine on August 15, 1996. On September 18, 1996, the steam turbine and gas
turbine operations were synchronized to form the combined cycle. Subsequent performance testing of the
combined cycle unit demongtrated that the unit met both output and emission requirements on natura ges.
In acombined cycle mode, the power idand has been operationd on naturd gas since late October 1996.
In December 1996, the combined cycle unit was designated as being available for commercid operations,
and was formdly available for digpatch purposes on the SPPCo system.

SPPCo and DOE devel oped a 54-month schedule to complete the design, engineering, and construction
work. After al environmenta and congtruction permits were received, civil work started in February 1995
and was completed in February 1997.

The demondration period began in February 1, 1997 and will continue for 42 months, ending July 31,
2000. Operation will be primarily on low-sulfur Uinta Basin bituminous cod from Utah.

Results of Operations

SPPCo continues to make progress toward achieving integrated operation of al systems. Some earlier
problems (related to measuring solids levels) in the fines handling system have been resolved; however,
other non-gadfier problems such as fines bridging in vessdls have prevented feeding cod for more than 6-8
hours continuoudy. The gasifier has operated through numerous startup-shutdown cycles with reproducible

specification-qudity syngas.

In May, 1999, SPPCo experienced dgnificant, dthough repairable, problems insde the gasifier. These
problems involved damage to the air and coa feed tubes aswell asloose refractory that lines the insde of
the gasfier.

Refractory repairs were completed on Wednesday, June 23, 1999. After assembly of the cod feed tube
and air tube into the bottom gasifier section, SPPCo re-ingdl the assembly into the gasfier. SPPCo
continues to operate the plant normdly in the naturd-gas-fired, combined cycle mode.



Through July 23, 1999, the gadifier has produced syngas for atota of 33.25 hours snce the first syngas was
produced in January 1998. The graph shows how the hours were accumulated.

Table 3. Gas Composition at Partial Load Pinon Gasifier Syngas Runs
Condtituent Volume Percent Cumulative Hours
CO 211
CO, 8.0 40
CH, 0.4 30
H, 11.9 2
N, 53.1 g 2
H,O 55 10
Tota 100.0 01
Jan- | Mar- |Apr-98[ Jun- | Sep- | Dec- | Jan-
H.S 12 ppmv CumHrs| 2 | 275|475 [19.75[27.75[30.25(33.25
COS 40 ppmv Month
LHV* 104 Btu/scf
*Lower Heeting Vdue

Table 3 shows the syngas composition for atypica gadfier runin the past year. For thisrun, the gasifier
was operating at 120 psig (compared to adesign pressure of 280 psig) and an average gas temperature
of 1750 °F (compared to a design value of 1800 °F). For this run the gasifier was not at steady-state
conditions. The LHV is somewhat lower than the design vaue of 129 Btu/scf because of the methane
component not reaching the design content of 1.4%. Methane content of the gaswill increase — gpproaching
the specification value — as the gasifier operates closer to design pressure. Also, the presence of coke
breeze in the gasifier to facilitate sart up does not yidd as much methane as the cod, which will befed as
the operation of the gasifier gpproaches the design conditions.

Status and Future Testing

SPPCo continues to address problems that limit the operation of the gasifier to only afew hoursat atime.
When the gasifier can be operated at steady state conditions for about 12 hours, SPPCo will begin
removing the limestone and ash from the bottom of the gadifier and transporting it to the Sulfator. When

SPPCo is confident that the gasfier and its auxiliary systems will operate reliably, SPPCo, with the

assigtance of GE, will trangtion the gas turbine fud from natural gasto syngas. Operation of the power

idand on syngas will continue throughout the remainder of the operations phase.

SUmmary
Since the gasifier wasfirst fired in January 1998, SPPCo has made progress toward achieving integrated
operation of al systems. SPPCO’s progress has been dowed by problems mostly externd to the gasfier.
SPPCo and DOE are confident that they will be able to operate the power idand on syngas and that the
Fifion Pine plant will produce vauable data for developers of power plants festuring the KRW gedification
technology.



The results of the demongtration program will undoubtedly lead to improved design and reduced operating
and maintenance codts. Future gpplications and ongoing R& D will yield more improvements.

SPPCo and DOE bdlieve that future IGCC greenfield power plants, based upon mature and improved
technology, will cogt in the range of $1000-1350/kW (1995 basis). Heet rateis expected to be in the range
of 7000-7500 BtwkWh (46-49 percent efficiency), higher heating vaue basis. Where Pifion technology
can be used to repower afacility, use of existing steam turbing(s) and the plant infrastructure, will further
reduce costs.
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Appendix |
Process Description
Kellogg-Rust-Westinghouse (KRW) Gasifier Idand

The KRW gasfier is based upon the fluidized-bed principle in which particles (cod and limestone) are
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suspended in a stream of flowing gases. Because
thelr sze and weight prevent them from blowing
out, most of the particles remain within the bed
until most or dl of their carbon isgasified. These
devices are cdled fluidized beds because the bed
of sugpended particles has a definite surface that
looks like a liquid. The cod particles undergo
gadfication chemica reactions within the bed.
Smdler ash and char particles entrained in the raw
gas leaving the gasifier are captured by a cyclone
and returned by adipleg.

The gasfier operates a approximately 1800°F
(982°C), which islow enough to avoid formation
of dag and mog inefficencies and cods
associated with cooling the gas prior to gas
cleenup. The operating temperaure is high
enough that gadfication reactions proceed
relatively ragpidly and formation of tarsand ailsis
avoided.

With air asthe transport gas, a continuous stream
of cod and limestone is introduced to the KRW
gadfier from lockhoppers to the gasifier coaxid
centrd feed tube that protrudes into the fluidized
bed. Additiond air is dso fed through the feed
tube and the streams merge to form a central jet.
Partid combustion of the cod occursin the j€,
the resulting heet release causing the cod to be
quickly devolatilized to produce a char. The
temperature of the centrd jet is sufficiently high to
crack any tars or oils that might be produced.

The hesat release and high velocity of the centrd jet cause the char particles to be circulated within the
fluidized bed where they react chemicdly with eam. The gadification reactions produce a low-heating-
vaue cod gas congging primarily of hydrogen (H), carbon monoxide (CO), carbon dioxide (CO,),
methane (CH,), nitrogen dioxide (NO,), water (H,O), hydrogen sulfide (H,S), carbonyl sulfide (COS) and

ammonia (NHs).



At gadifier operating conditions, the limestone fed with cod quickly cacinesto produce lime thet reacts with
the hydrogen sulfide produced by the gasfication reactions, to yied solid calcium sulfide (CaS).

With the low-sulfur cod burned at the Pifion Plant, gpproximatey 50 percent of the sulfur reeased is
expected to be captured within the fluidized bed. The preponderance of the remainder of the sulfur is
removed in the externd transport absorber desulfurizer. With high-sulfur eastern cods to be tested, more
than 90 percent of the sulfur could be removed within the gasifier by the limestone. The exact amount will
depend on the specific sulfur leve of the cod.

After gadfication of cod particles occurs, ash particles remaining within the bed stick to each other and dso
to reacted and unreected limestone forming ash agglomerates. These agglomerates defluidize and fdl to the
bottom of the gasifier where they are cooled by recycled product gas while being continuoudy removed
from the vessdl. This solid waste is pneumaticaly transported to the Sulfator for further processing.

Cod gasleaving the top of the gadfier contains entrained particles of char, ash and sorbent. Mot of these
partides (fines) are captured by a cydone and returned to the gadifier through adipleg. The cod gasleaving
the cycloneis cooled to 1,000°F (538°C), the operating temperature of the externd trangport desulfurizer.

Steam produced by cooling the raw gas isintegrated with the remainder of the seam system of the Fifion
Pine Power Project.



Appendix I

External Hot-Gas Desulfurization

Desulfurizer

In the transport desulfurizer, developed and licensed by The M.W. Kelogg Technology Company, the totd
sulfur inthe cod gasis reduced to less than 20 parts per million (ppmv) by contact with a zinc-oxide-based
sorbent. The hardware system consists of a transport absorber and a transport regenerator.

Fud gas enters the mixing zone a the bottom of the
transport absorber riser where it mixes with the T
sorbent. Absorption of sulfur compoundstakesplace  Absorber
in the riser section as the fuel gas and sorbent flow i
upward. A cyclone captures sorbent particles that
are directed to a standpipe for recycle to the
transport desulfurizer.
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aulfide back to zinc oxide with the liberation of sulfur
as sulfur dioxide (SO,). Regenerated sorbent is
returned to the transport absorber by controlled
gravity flow. Gas
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Sulfator

With the exception of the smal amount of sulfur remaining in the gas turbine fud (20 ppmv), the sulfur
originating in the feed cod is ultimately treated in the Sulfator. The Sulfator is an amospheric, air-fluidized
bubbling-bed reactor that:

$ captures SO, released from regeneration of sulfidized sorbent
$ converts cacium sulfide produced in the gasifier to calcium sulfate
$ combusts resdud carbon in the ash agglomerates

Capture of released SO, is by unreacted limestone from the gasfier plus added fresh limestone. To
minimize emissons of SO,, the nomind operating temperature of the Sulfator is 1600°F (871°C). Solids
removed from the Sulfator, ash plus calcium sulfate, and unreacted limestone, are suitable for landfill.



