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Value of HTL for sewage sludge is disposal

1Basis of disposal costs: $200-400/dry ton or $40/wet ton @ 10-20 wt% solids, 2Value of fuel is $2-3/gal

200 dry tons ~17,000 gallons 
fuelCost of 

disposal1:
$40,000 – $80,000 Value of fuel2:

~$34,000 - $51,000

$2-3/gal$2.30-4.70/gal of 
fuel produced
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Wet Waste HTL of Organic Wet Wastes
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Within a 50-mile radius, wet carbon waste can be 
blended for treatment 
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The carbon yield to fuels is among the highest in 
bioprocessing: Sewage Sludge Example

Typical yields of 
HTL from wet 
wastes
• ~60% to biocrude
• Biocrude is stable
• Rich in diesel 

hydrocarbons
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Feedstock impacts the biocrude:
Hydrocarbon type, N content, % aromatic content



77

Statistical analysis of the impact of feedstock on 
upgrading performance

HTL carbon yields 
range from 40 to 75% 
depending on 
feedstock
• FOG-rich blends result 

in high overall yields
• Food waste has higher 

yield (less losses to the 
solids stream)

• Increasing natural pre-
digestion decreases 
biocrude yield

• Statistically significant 
differences between 
feedstock types

Increasing natural pre-digestion
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Fat and Ash Significantly Influence Yields

Most significant factors:
• Fat content: direct increase in biocrude
• Ash: Increased carbon lost to the solids
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While 25% of the carbon ends up in the aqueous 
phase, the product is dilute
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Biocrude has higher O and N content and higher 
acidity than petroleum crude oil
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Upgraded fuel is rich in n-alkanes
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High-quality SAF fuel from HTL of wet wastes
• 20-25% of upgraded fuel in jet range
• Similar mix of cycloalkanes, n-alkanes, iso-alkanes, aromatics to 

traditional jet
• Positive alpha and beta jet fuel properties
• Main concern is the N in the jet fuel
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GCxGC MS of the HTL biocrude feed

Biocrude is rich in Pyrazines, 
pyrroles, amides, indoles, etc. 
• Significant amount of the 

biocrude does not volatize 
in the column

Challenge for SAF:
Expect the Nitrogen to need to be <10 

or <2ppm Nitrogen
Concern with N-S interactions that can 
lead to fuel instability issues in engine
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Residual Nitrogen in SAF cut

• Most challenging species to hydrotreat 
is the Pyrroles, Imidazoles, Pyrrolidines

• Expect further HDN to get to 2ppm N

Typical hydrotreating conditions here:
~400°C 
~1500 psi 
~0.5hr-1 WHSV
Results in ~97% Nitrogen reduction
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Key Takeaways

• Primary value proposition for HTL of organic wet wastes is sludge 
disposal

• Similar HTL performance for organic wet wastes in continuous HTL
 Fat and ash strongly influence yield
 Less natural digestion results in higher yields

• Similar biocrude properties for organic wet wastes
• Hydroprocessed biocrude: Rich in n-alkanes for all wet wastes
• Hydrodenitrogenation will be a challenge for SAF
 Expect a Nitrogen specification of <2ppm or <10ppm
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Questions?
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