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mAINSTREAM Project Objectives
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} Use coal wastes plus municipal solid wastes (CWPMS) to
produce electricity and/or liquid fuels cleanly

} Develop technology for a modular system at mimeouth,
coal preparation locations, or military installations
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} Create coalike feedstock of MSW using pyrolysis torrefaction

(PT) for cefiring in entrained flow gasifiers (EFGS)

}  Demonstrate pilotscale thermal conversion of pulverized
waste coal and torrefled MSW in an EFG

} Develop a process model and assess technoeconomic
feasibility
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Process flow diagram of the PHFG process and reaction pathway
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} Design and commission pilegcale MSW torrefier
} Target 10 Ib/h capacity

} Demonstrate semcontinuous, 10 Ib/h PIEFG with >28%_H
syngas concentration

} Demonstrate syngas upgrading for1€O ratio of 2:1

} Quantify emissions of REFG based on EPA other solid waste
Incinerator (OSWI) regulations

} Demonstrate noAeaching vitrified slag
} Design >200 Ib/h modular REFG demonstratescale system

}  Determine the most coskffective PTEFG size for delivering
LCOE of <$100/MWh
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mAainsTrEAM Current Status of Project

} Finalized design of pilescale MSW torrefaction reactor
} Fabrication and commissioning ongoing

} Torrefied highvalue MSW material and blended with waste
bituminous and anthracite

} Completed feedstock characterization

} 10 Ib/h pilot-scale EFG testing completed at Energy and
Environmental Research Center (EERC)

} Working on emissions and slag analysis

}Initial stages of designing a 200 Ib/h FEIFG demonstrator
} Scale for demonstrating laregxale capacity

} Process model and TEA to be completed with design
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} Torrefaction reactor angle can be adjusted to accommodate
different feedstocks and operating conditions

} Selfsustaining process with supplemental burners

Mainstream’s
MSW Torrefaction
Reactor System ' f

Reactor

Process Burners
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MAINSTREAM

} 1 kg/h throughput

} Bilomass and MSW
feedstock

} Digital control

} Commercialized small
scale reactor

} Current sales orders

} Establish similar
commercialization
pathway for MSW
torrefier

= . Recent Commercialization of Small
svemesmne  Scale Reactor Systems
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Benchscale Pyrolysis Unit
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} Procured highvalue MSW and completed torrefaction with
commercial partner

Torrefaction Reactor Conditions

Temperature {C) Residence Time (min) HHV (MJ/kg)
315 15 21.92
343 15 27.56
370 15 22.83

Torrefied MSW Pulverized Feed

S
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Shredded MSW
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Waste Materials

} Higher ash content in MSW feedstock
} Sourced MSW had less plastics

Preprocessed MSW

Torrefied MSW

As Recd. Dry As Recd. Dry
Proximate Analysis (%) (%) (%) (%)
Moisture 9.96 N/A 4.40 N/A
Ash 15.54 17.26 26.32 27.53
Sulfur 0.23 0.26 0.25 0.26
Chlorine 0.44 0.49 0.92 0.93
Heating Value (Btu/lb) 8,233 9,144 11,849 12,394

Analysis of Torrefied MSW and Coal

MSW/Bituminous Coal Blends

Proximate Analysis100% MSW 75% MSW 50% MSW 25% MSW 0% MSW

Anthracite Coal Waste

Bituminous Coal Waste

Moisture (wt%)  4.40
Ash (Wt%) 26.32
Sulfur  0.25
Heating Value (Btu/lb) 11,849

3.64 2.89 2.13 1.38
31.73 37.14 42.55 47.96
0.78 1.32 1.86 2.40
11,192 10,536 9,880 9,223

As Recd. Dry As Recd. Dry
Proximate Analysis (%) (%) (%) (%)
Moisture 1.99 N/A 1.38 N/A
Ash 47.07 48.03 47.96 48.63
Sulfur 0.45 0.46 2.40 2.43
Heating Value (Btu/lb) 9,177 9,364 9,223 9,352
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} Measured steadystate syngas composition of
MSW/waste coal blends

} Syngas composition dependent on feedstock
properties

} Lower Hcontent with bulk MSW feedstock

C
.. 100% MSW 75%? MS'_W/ 50%? MS'fN/ 25%? MS'fN/ 100% Bituminous
Conditions 25% Bituminous 50% Bituminous 75% Bituminous
Fuel Feed (Ib/h) 8.23 5.74 5.20 6.54 6.23
EFG Pressure (psig) 130.0 129.7 131.0 130.0 130.0
Avg. Temperature (°F) 2,689 2,682 2,682 2,671 2,685
Syngas (fta/h) 212 239 217 239 234
Syngas Composition
H, (mol%) 17.1 18.4 12.5 16.2 12.4
0, (mol%) 0.3 0.1 0.1 0.1 0.1
N, (mol%) 44.9 45.5 52.8 46.1 50.2
CH, (mol%) 0.2 0.1 0.1 0.1 0.1
CO (mol%) 15.4 12.8 8.6 13.1 11.8

CO, (mol%) 21.7 19.3 20.5 19.8 20.3
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mAnsTREAM  Slag Viscosity Measurements

ENGINEERING

} Higher temperatures required for high ash material to slag
} Target < 250Pasviscosity
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