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Anaerobic digestion can remove contaminants from HTL
wastewater but we still need to know the risks

» US utilities are looking at HTL, but challenges
like the aqueous stream toxicity are hampering
implementation

* Anaerobic biofilms can degrade
some wastewater contaminants
but co-digestion is needed

* Future research: We want to the know the risks of the
remaining contaminants



Sludge management in the US present challenges
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Sludge management in the US present challenges

ﬂ&\  Waste of resources —
* Fugitive CH, emissions B
* Increasing costs

Anaerobic digestion
(40%, only 10% of the plants)

Landfill (22%)

|

Incineration (16%)

* Recovers biogas

e Only 50% volume reduction
* Big footprint

* Low density energy

* Reduces volume of sludge and remove PFAS
(Winchell et al., 2024, Water Environment Research)

* High capital and operation costs

e Air emissions regulations
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Hydrothermal liquefaction has the potential to advance
resource recovery in the US

l

Effluent Water
With remaining
organics

Minimum fuel selling price: 2.85 S/GGE

Snowden-Swan,..., Fonoll et al., 2022.
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* Retention time of 30-60 min
(low footprint, good for small
utilities)

* Potential to destroy emerging

contaminants




Qeasibility study to implement HTL in Detroit VYEEesmls
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Presenter
Presentation Notes
We can use CH4 in other processes such as heating process or as a substrate for the production of chemicals
When accounting for the anticipated decline in grid intensity in the coming decades from coal capacity retirements and additions from renewables (USEIA, 2021a), an alternative strategy to recover energy from waste should be considered. 
 While existing WTE facilities are only configured for electricity and heat (EERE, 2019), AD facilities have the flexibility to produce other biofuels, such as upgrading biogas to renewable natural gas (RNG). RNG is produced by removing CO2 and other trace contaminants from biogas and is indistinguishable from fossil natural gas. RNG can be transported via conventional gas pipelines and used for energy sources other than electricity, including high-temperature heating and heavy-duty transport (IEA, 2020).
Utilizing RNG to displace the use of fossil natural gas for non-electricity energy uses is an option to maintain the environmental benefits of energy generated from co-digestion when the GHG intensity of the electric grid decreases (Ardolino et al., 2018; Slorach et al., 2020). This can be particularly useful as the methane potential of landfill material, animal manure, wastewater, and industrial, institutional, and commercial organic waste in the U.S. is estimated to be about 450 million GJ per year (NREL, 2013), which can displace about 4% of current industrial gas use or 9% of residential gas use (USEIA, 2021b).


HTL generates an aqueous by-product that could be inhibitory
for WWTP processes
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We used a new anaerobic membrane bioreactor to promote
biofilm formation
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THE TREE STRUCTURE INSIDE OF THE BIOREACTOR IS
HOLLOW




THE BRANCHES OF THE TREE ARE SURROUNDED BY A 25

MM PORE SIZE MESH WHERE BIOFILM WILL GROW
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BIOFILM GROWTH IS ENHANCED BY RECIRCULATING THE

REACTOR CONTENTS ‘
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DYNAMIC MEMBRANE: THE MEMBRANE IS THE ACTUAL
BIOFILM CREATED ON A 25 MIICRO PORE SIZE MESH

£



HTL wastewater was treated after applying different dilutions

Working volume: 5 L

Mesh pore size: 25 um

Raw COD concentration: 75 gCOD L

Feedstock concentration: 2.0 to 10.0 gCOD L

Organic loading rate: 0.2-1.0 gCOD Lz day?

HRT: 5-10 days

Inoculum: Food waste and sludge co-digestion

13



70% of the COD is removed but at low OLR
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70% of the COD is removed but at low OLR
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Other studies achieve similar performance at a higher OLR
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HTL wastewater lacks important nutrients for anaerobic

microo rgan isms Concentration (ppm)
ot HTL to f ( Convert int ) HTL Reactor dayReactor day
Conscizgg:ted yl o 36:‘30";."2 5 Pifsscgmfs Compound Aqueous 248 260
(20-30%TS) ar erizer
phase
N 630+ 15 642 + 49
v V—~ P 1.2+£04 5.6 +0.1
mec S 4 - S 11 9 6
Fuels Na 8 6 8
v Ca 62.2 9.4 10.9
i - K 22 24 24
organics Mg 3 3 3
Fe 1.8 5.8 3.6
Ni <1.6 <1.6 <1.6
Co <0.2 <0.2 <0.2
Zn <0.6 <0.6 <0.6
Mo <0.3 <0.3 <0.3
W <1 <1 <1
Cu 0.15 0.3 0.3
Mn <0.3 <0.3 <0.3
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70% of the COD was removed at low dilution rates, but
co-digestion is necessary
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70% of the COD was removed at low dilution rates, but
co-digestion is necessary

COD removal (%)
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The biofilm presented a diverse microbial community with
important populations
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The biofilm presented a diverse microbial community with

Methanogens
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The biofilm presented a diverse microbial community with
aromatic and phenol compounds degraders
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The biofilm presented a diverse microbial community with

S\g\trophic bacteria
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Conclusions and ongoing work
Co-digestion is crucial to bring nutrients to the system
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Thank you for your Attention
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Other studies achieve similar performance at a higher OLR
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