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A regional, national, and international scientific 
resource
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A research partnership 
with WSU
• Science and engineering of converting biomass—

agricultural and forest residues, industrial waste 
streams—into novel energy sources including jet 
fuel

• Developing technologies to transform low-value 
biomass into value-added chemicals for products 
from plastics to pharmaceuticals

• Built in partnership with Washington State 
University on nearby WSU Tri-Cities campus to 
allow collaborative research

• High bay permits scale-up of biomass conversion 
processes

Bioproducts, Sciences & Engineering 
Laboratory (BSEL)
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PNNL scientist Sam Fox with stargrass from the Yakima River

The Challenge

• Water stargrass is an 
aquatic nuisance that is 
impacts salmon spawning 
in the Lower Yakima River

• Once harvested, can the 
stargrass be processed to 
recover energy or 
nutrients? 
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HTL, Composting, 
Anaerobic Digestion

Source: Washington State Department of Ecology
https://ecology.wa.gov/Waste-Toxics/Reducing-recycling-
waste/Organic-materials

Waste management 
options for water stargrass
favor on-site or off-site 
organics management
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Hydrothermal Liquefaction 
(HTL)
Conversion of a biomass slurry 
(e.g., wood, algae, other) to 
biocrude and aqueous product 

300–350°C
2800–3000 psig

HTL

Slurry Feedstock

Biocrude 
Product Aqueous Product 

(contains organics)

+

Catalytic
Hydrotreatment

Distillation

Fuel Fractions

Hydrotreated 
Bio oil

Bio oil product is refined via 
Catalytic Hydrotreatment
and fractionated by 
Distillation to gasoline, 
diesel, jet fuel, and bottoms

Can be applied to 
wide range of 
feedstocks, 
especially suited to 
wet feedstocks
Conceptually 
simple: a heated, 
pressurized pipe
HTL biocrude is 
thermally stable 
and can be readily 
upgraded to 
hydrocarbon fuel 
blendstocks
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A standard characterization plan helps screen for 
potential HTL feedstocks

As-Received 
Feedstock 

Sample 
(Rinsed)

Photo
Mass
pH

Dry 
Sample for 
Analysis, 

105 °C 

Syringe 
Test

Homogenize 
in Blender

ICP & CHN 
Sample

Proximate 
and FAMES 

Sample

Homogenize 
in Blender

Wt% 
Ash  

750 °C 

Dry Wt% of 
pumpable 
slurry, 105 

°C ~100 g ~5 g ~10 g 

~100 g 

ASSESS THE FOLLOWING:
• Wt% solids and ash content (target is >15 wt% solids with <15 wt% ash)
• Slurry pumpability
• Ash composition (metals by ICP-OES)
• Ultimate and proximate analysis (CHNS, ash, moisture, carbs, lipids, protein)



Dried stargrass

Wet stargrass for formatting

Powderized for analysis

After 120 min of formatting
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Photos from 
feedstock 
characterization

• Harvested from Lower 
Yakima River by Rich 
Sheibley (USGS) in June 
2020, sample collected 
and transported to PNNL 
by Andy Schmidt
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Results: Proximate and Ultimate Analyses

Units Result
Dry solids content wt% 7.43
Ash content wt% 37.0
Lipids wt% 1.53
Protein wt% 16.2
Carbohydrate wt% 41.1
FAME mg/g 30.2

Carbon wt% 29.2
Hydrogen wt% 3.83
Nitrogen wt% 2.66
Sulfur wt% 0.76

• Ash is high (>15%), dry solids content is 
low (<15%). Carbohydrate content is 
high. This is challenging for direct HTL.

• Water stargrass may be a good candidate 
for sequential HTL 
§ Converts the carbohydrates into fermentable 

sugars at a lower temperature in the first 
stage; the residual solids are concentrated 
for HTL in a second stage. 

• Hydrothermal processing has advantages 
over AD, but composting may be 
preferred depending on scale, project 
duration, and seasonal harvesting
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Results: Metal Concentrations by ICP-OES

• Silica and alkali salts 
pre-dominate, as 
expected.

• The potassium (K) 
content in the plant 
matter may warrant 
investigation for 
nutrient recycling in the 
HTL process, coupled 
with the nitrogen and 
phosphorus content.
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Thank you
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For questions and follow-up, 
please contact: 
justin.billing@pnnl.gov


