DOE Bioenergy Technologies Office (BETO)
2023 Project Peer Review

Synergistic Thermo-Microbial-Electrochemical (T-
MEC) Approach for Drop-In Fuel Production from Wet
Waste

April 7, 2023
Organic Waste Conversion

Pl: Z. Jason Ren
Princeton University

This presentation does not contain any proprietary, confidential, or otherwise restricted information



Presenter Notes
Presentation Notes
This presentation template has been designed to help project teams prepare consistent, easily evaluated presentations.  The order of topics and emphasis corresponds with the evaluation criteria that the review panel will be using to evaluate the project.  

Please keep in mind that presentation lengths are short, and the review panel will hear many presentations in a day. 

Please note that this presentation will be made available:
To the review panel 2 weeks in advance of the review
To the general public to download following the review

Note that a DOE template is allowed for joint lab projects. 

Note that the presentation will be made publicly available, and the slides archived on a DOE website 


Project Overview

The post-hydrothermal liquefaction wastewater (PHW) is a burden (and opportunity)
for hydrothermal liquefaction (HTL).
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Presentation Notes
The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.
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Presentation Notes
Provide brief context and project history that might help the reviewer better understand your project.
Describe your project goals, and how they fit into the goals of BETO.
What is the specific question your research answers?

The project overview is not being reviewed explicitly. Information provided in these slides provides context and background for the following areas for review.  Do not spend too much time on this or your you may run out of time to fully respond to the review criteria!

If helpful, briefly frame the project with the Heilmeier Catechism: 
What are you trying to do?
How is it done today and what are the limits?
Why is it important?
What are the risks?
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Provide brief context and project history that might help the reviewer better understand your project.
Describe your project goals, and how they fit into the goals of BETO.
What is the specific question your research answers?

The project overview is not being reviewed explicitly. Information provided in these slides provides context and background for the following areas for review.  Do not spend too much time on this or your you may run out of time to fully respond to the review criteria!

If helpful, briefly frame the project with the Heilmeier Catechism: 
What are you trying to do?
How is it done today and what are the limits?
Why is it important?
What are the risks?



1 — Approach

Project Goals:

Develop a synergistic thermo-microbial-electrochemical (T-MEC) process that converts food
waste to jet fuel blendstocks and simultaneously treats HTL aqueous wastewater, thereby
recovering H, and nutrients. The process targets include:

1. improve carbon yield by >50% compared to the anaerobic digestion baseline
2. decrease waste processing cost by >25% compared to baseline

Proposeql Budget Tasks Go/No-Go Decision
Period

01/2021-03/2021 Initial verification All baseline data will be verified successfully

Carbon conversion efficiency improves by >25%
from AD baseline and/or
Disposal costs are reduced by > 15%
Carbon conversion efficiency improves by >50%
from AD baseline and/or
Disposal costs are reduced by > 25%

04/2021-03/2023 Reagtor developme.nt, .produc.t
upgrading, and material innovation
Pilot reactor development and

03/2023-12/2024 .
operation, system analyses

J
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Presentation Notes
Reviewers will evaluate the degree to which:
The project performers have developed an approach with substantial merit to advance the state of the art, as relevant to the defined BETO Program and Technology Area goals; 
The project performers have developed an approach with significant potential for innovation in its application;
The project performers have clear management plan and successful implementation strategy which includes risk identification and mitigation strategies; and
The project provides routes for communication and collaboration with related projects and/or advisory boards, if appropriate.
As applicable, the project has an adequate approach to addressing diversity, equity, and inclusion in their project plan


The Approach slides should provide reviewers with enough information to determine whether the project approach will lead to successful project outcome, as evaluated by the Review Criteria. 
Explain the technical approach for achieving your goal(s), and any changes to the approach made in light of 2021 Peer Review comments or other review input.
Explain the top 2-3 potential challenges facing the technical approach. 
Discuss Go/No-Go decision points and why they are critical to the project. Explain economic and/or technical metrics used to measure progress. Include assumptions and analyses used to establish these metrics.
Provide a brief risk analysis and mitigation strategies.
If applicable, please describe communication and collaboration with related projects and/or advisory boards and relevant stakeholders.
As applicable, please describe your approach to addressing diversity, equity, and inclusion in your project plan.


The project will utilize hydrothermal liquefaction to convert food waste into biocrude. The biocrude wastewater will be processed in a microbial-electrochemical process that utilizes microbes and electricity to reduce CO2 and generate H2, CO, NH3, and clean water. The CO and H2 generated from the microbial-electrochemical process will be utilized for hydrotreating/upgrading the biocrude into jet fuel. The outcome of the project will be continuous (300 hr.) operation of a process operating on 1-ton of wet food waste/1,000L of post hydrothermal wastewater that encompasses all technologies developed to achieve >50% carbon conversion efficiency improvement and 25% LCOD cost reduction relative to traditional anerobic digestion. 


2 — Progress and Outcomes — HTL tasks

Pilot HTL Reactor Upgrading

[, e ; mE— nSJ, e ViW

System Volumes Length (in) Diameter (in) Volume (gal) The team at UIUC developed and

HP to HEX Hose 140 0.75 0.268 upgraded a plug-flow continuous HTL
HEX to R Hose/Pipe 64 0.75 0.122 reactor:

R to HEX Hose/Pipe 71 0.75 0.136 Reactor: 7.63 gal (28.9 L)

HEX to BPR Hose/Pipe 47 0.75 0.090 _

HEX Tubing 2550 0.742 4773 Counterflow heat exchanger: 4.77 gal
Reactor 4076 0.742 7.630 Processing capacity: 1.5 ton/day wet
Total 13.019 feedstock

6
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Presentation Notes
The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.




2 — Progress and Outcomes — HTL tasks

Food Waste Collection and Pretreatment

Combining
HMFW

Homogenize
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¥

Two food wastes:

1) Harvest Market food Collect
waste (HMFW) SDW

2) Food processing ":>
plant: Salad
dressing waste
(SDW)

I iLLINOIS

AAAAAA -CHAMPAIGN



Presenter Notes
Presentation Notes
The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.




2 — Progress and Outcomes — HTL tasks

Food Waste Collection and Pretreatment

Feedstock pretreatment process:

* Grade 16 mesh to sieve the shredded Proximate Analysis HMFW SDW
feedstock Moisture (Wt%) 66.73 75.66

« Semi-manual pressure-sieve Dry matter (wt%) 33.27 24.34
 Automated pretreatment is needed for large Protein (wt%) 32.76 2.38
quantity feedstock — Future work Fat (wt%) 29.10 62.45
Ash (Wt%) 7.15 5.71

Carbohydrate™ (wt%) 30.99 29.46

Elemental Analysis HMFW SDW

Carbon (wt%) 55.38 60.94

Hydrogen (wt%) 7.69 8.27

Nitrogen (wt%) 5.62 0.70

Oxygen (wt%)* 27.21 27.45

Sulfur (Wt%) 0.33 <0.01

HHV(MJ/kg)** 25.74 28.04

*Calculated by difference
*HHV=0.3516 XC + 1.16225XH — 0.1109X O + 0.0628 X N

UNIVERS F

ILLINOIS

AAAAAA -CHAMPAIGN



Presenter Notes
Presentation Notes
The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.




2 — Progress and Outcomes — HTL tasks

H T L Syste m Pe rfo rm a n ce HTL SYSTEM TEMPERATURE & PRESSURE COMPARISON - FOOD WASTE 16-MAR-2022
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BPR Nitrogen Pressure

BPR Feedstock Pressure

Reactor In Pressure Reactor Out Pressure

Biocrude: 28.8
Biocrude: 66.9

Mass Flow
for HMFW:

Feed Carbon: 100.0 Feed Nitrogen: 100.0

Aqueous: 71.2
Aqueous: 28.5
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The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.




2 — Progress and Outcomes — HTL tasks

HTL Pilot Reactor Products

20 gallons of each feedstock at 20 wt% solids content were successfully processed, producing biocrude oil
(top) and post-HTL wastewater (PHW, bottom). Samples were collected in sequence during the run.

Biocrude HMFW SDW
Carbon (wt%) 78.74 75.64
Hydrogen (wt%) 11.31 11.42
Nitrogen (wt%) 3.36 0.76
Oxygen (wt%) 6.46 12.16
Sulfur (wt%) 0.12 0.01
HHV (MJ/kg) 40.32 38.57
Mass yield (wt%) 47.06 52.19
Energy yield (%) 68.17 70.77
Carbon yield (wt%) 66.91 64.78

PHW ___ HMFW__ SDW

HTL operation conditions: COD (mg/L) 101,850 42,380

«  Temperature: 280 + 20°C pH 5.3 3.9
_ _ , Total nitrogen (mg/L) 8,725 349
* Retention time: 30 min Ammonia nitrogen (mg/L) 2,330 14.8

Pressure: 1,800 psi
Feed rate: 1 L/min
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Presenter Notes
Presentation Notes
The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.
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The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.




2 — Progress and Outcomes — MEC tasks

MEC (microbial electrolysis cell) recovers high purity . Two types of PHW feedstocks were tested
H, while degrading the organic pollutants in PHW in MECs

(Post-hydrothermal liquefaction wastewater)

| >90% H. | « Lab batch reactors delivered consistent
2
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The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.




2 — Progress and Outcomes — MEC tasks

* New alloy cathodes were provided by PNNL and tested in MECs for H,
production during PHW treatment.

« High H, production rate was up to 2.69 L/L/day in batch with Pt/CF,
higher than commercial Pt/Ti electrode, (1.81 L/L/day).

« All cathodes had FE > 90%

« MEC energy consumption was < 30 kWh/kg H, — 25% lower than
abiotic water electrolysis

(DOE TEA has shown electricity cost could contribute > 80% of total H, production cost )

50
¢ _
_ 120} 1104 £ 45 DOE's 2020 target for central electrolysis
% g’ __________________ Current Future Current Future
g ::" Component Distributed  Distributed Central Central
o .. 1,500 kg/day 1,500 kg/day 50,000 kg/day 50,000 kg/day
E 4 100 g oF  __ _ _ 1 0_0 f' e_fflfle_nt_wa_te: elec_trcilyfer_ Capital Costs | $0.55 $0.31 $0.40 $0.23
_.CI_J. £ Decommissioning Costs $0.01 $0.01 $0.00 $0.00
t‘r" 100 32 g Fixed O&M |  $0.35 $0.19 $0.24 30.15
p= E o 35 Electricity Feedstock $4.09 $4.06 $4.18 $4.15
o TR g Credit for outlet pressure>300psi $0.00 -$0.09 $0.00 -$0.05
© - 96 n Total H: Production Cost’?  $4.98 $4.48 $4.83 $4.48
3 S 30
E 80 2 DOE Hydrogen and Fuel Cells Program Record,
o
IN - 92 E 25 2020
i

13

60

]
o

Cu/CF Pt/CF Ru/CF Pd/ICF Ni/CF Co/CF PtTi Cu/CF Pt/ICF Ru/CF Pd/ICF Ni/CF Co/CF PtTi
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Presentation Notes
Per the road map. The DOE's 2028  target for low temp is 51 kWh/kg H2 and 46 kwh/kg H2 by 2036.


2 — Progress and Outcomes — MEC tasks
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The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.
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Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).
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The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.




2 — Progress and Outcomes — MEC tasks
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Most easily degradable organics (VFAs, alcohols) in PHW were removed within a day.

E OH
HO\)\/OH
glycerol

glycerol
H,O dehydratase

OMOH
3-hydroxypropanal

NADH
H+ 1,3-PDO

dehydrogenase
NAD+

HO/\/\OH

1,3-propanediol

Glycerol mainly went through fermentation process, and produced 1,3-propanediol (1,3-PDO), ethanol,

propionate

Ethanol and VFAs can be both produced (via fermentation) and consumed in the MEC anode.
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2 — Progress and Outcomes — MEC tasks

» Organic/aromatic N species generated during

HTL are new to conventional wastewater
[+ treatment

240

245

- « To characterize the composition, solution state
s SN NMR was successfully applied to wastewater
¢ flaeo for the first time

€
1265 S
~ 0%« Results indicated the major org-N form was
0o heteroaromatics with pyridine-like N
g 280
™ 285 N
290 [ \j/ _ NH2 N\
N U |
300 X N
e 40 35 30 25 20 15 10 O\ H:\| \ « NH, Nl'\lf/ OH
N NH, | N o
N~

Heteroaromatics | I ¥ P
confirmed by GC-MS [N/ OM 0 @Nﬁwz
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Presenter Notes
Presentation Notes
The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.




2 — Progress and Outcomes — MEC tasks

To develop scaled reactors, literature review and system
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Presentation Notes
The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.




2 — Progress and Outcomes — MEC tasks

Through extensive literature review, our takeaways on constructing pilot MEC reactors:

Current density is the key metric to be improved for MEC;

Good conductivity (which PHW has) is a prerequisite to high current density;

Lessons from electrolysis industry — the best design should be easy to modularize, and
minimize the electrical resistance between electrodes: compact & modular;

Lessons from TEA: material for MEC should be low in price.

back plate (1 cm thick)
anode chamber (3 cm Iti:k)\
1o next module or \
effluent collection v\

separator: could ‘,
be RO membrane

\

carhon brush anode
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Presentation Notes
The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.
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3D-printed pilot reactor (10 L) ° . e |
*  Mesh Different SS cathodes
< | K & were tested. S$304 mesh
<4 | % R {°48 showed the highest
2 | : & current density (>90% of
g 1| L : : 2 pilot MEC studies) with
gz 25 35d {025 low cost (~ $50/m2).
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0 T r : T 0.0
A286 55304 55316
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Presentation Notes
The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.




2 — Progress and Outcomes — MEC tasks

* Another acrylic pilot reactor
was assembled and is in
operation (~ 80 L)

* |noculation took 2-3 weeks

« Waiting for more PHW
supply
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The Progress and Outcomes section provides an opportunity to discuss the current status of the project and highlight accomplishments, as evaluated by the Review Criteria. 
Describe progress made in meeting project goals, following the project management plan. How far along into the project life is the work?
Describe the most important technical accomplishments achieved (from the last review to the present for existing projects, or progress to-date for new projects).
Summarize the status of key milestones.
Explain what tasks led to the technical accomplishments (Avoid providing too much detail or listing too many accomplishments. You do not have time to present everything you have done during your project.). 
Include data, results, new knowledge, and tie results to the project goal(s).


Reviewers will evaluate the degree to which:
The project has made appropriate progress towards addressing the project goal(s);
The accomplishments have been achieved on schedule with the planned approach, and if relevant, the risk mitigation strategies have been employed to maintain project progress.




2 — Progress and Outcomes - TEC

The H, production performance of base-group metals (BGMs) is better than that of Platinum-group
metals (PGMs)

Full-Recycle. Continuous Flow Configuration. Filtered and 5X diluted PHW derived from food
waste. COD = 17,000 ppm.

0.04M NaH2PO4I/0.06MINa2HPQ4 0.04M NaH,PO,/0.06M Na,HPO,

10000 7— T ¢ 110 i .
4 1 F . 1
= 5000] | . 3 1004 Plasma-Treated CF |-
- ] 1 . Py ] ) B
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=) ' 4 3 > !
S 10004 i L9 807 4 Cu/CF -
O 4 1 A c 1
& 1 1 2 Q 70 4 ¥ = Pd/CF L
g 5007 1,3 g ] ¢ RU/CF
e 1 u i 601 ColCF i
S 200 B 5 4 CulCF w ] 7 * Co [
= 4 Milestone | \ice > 509 v Ni/CF -
. T o __ | - | 1 B
3 100 E > ¢ ""Co/CF : Q@ 40 : E -
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a ] . + RU/CF o307 ° & s I
| 1 1 b 3
u 20 - ! Pt//CF - 20 - ! o s
X | . o !
10 T L T T T T T T T T T T 10 T L T T T T T T T T i T
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
Current (mA) Current (mA)
0 55 109 164 218 273 327 382 436 491 545 (I) 55 1(I)9 164 2*I|8 273 3.'I)_7 382 4:I;6 491 5:‘.5
Current Density (A/m?) Current Density (A/m?)

BGM outperforms PGM by 2-5X at a fraction of the metal cost ($0.30/0z Cu, $6.5/0z
Ni, and $2,321/0z Pd). Energy Efficiency is 2100% at low current (densities).
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The power requirement in TEC for H, production and kg of H, per kg COD or TC removed

150

Average Energy Requirement
(kWh/kg)

10
0

The current TEC electrode composition (and reactor configuration) is
limiting the performance. Future experiments will focus on optimizing
cathode composition to lower energy requirement for H, production.

2 — Progress and Outcomes — TEC

decreases with current

Full-Recycle. Continuous-Flow Configuration. Filtered and 5X diluted Food Waste-derived PHW with 0.1 M Na,HPO,/ NaH,PO,. COD = 17,000 ppm
—&— TC Removal-@— COD Removal—&— H, Production
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Cathodic reaction
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2 — Progress and Outcomes — TEC/MEC

Sufficient H, can be produced with MEC, but yield is tied with PHW COD and bio-crude

carbon yield

PNNL-Derived PHW scaled for 5 dry ton/day, 68.2 kg COD/h and 6.71 kg H

H, produced Energy H, Produced H, Produced
Recfo'ial Elfl'el';grzofu‘::st::gr ‘ber COD Efficiency re Pu‘?‘r’::ent For 100% COD For 90% COD
System 2 Removed  39.4 kWh/kg H, 9 Removal Removal
k\(/:vggg kKWhkg H, kgc'gfékg % KW kg/h kg/h
H,0 i 45 - 54 i 73 - 86 302 — 362 i i
Electrolyzer
7.12 6.40
MEC 2.3 22 0.104 179 148 (0.41 excess) (0.30 deficit)
9.30 8.37
TEC 12 - 35 68 - 91 0.136 43 - 59 456 - 611 (2.59 excess) (1.66 excess)
i ,), CO, CO, N,, O, . . .
nutrents A MEC is >3 times more energy efficient
MEC TEC
r——- r---1—---| than TEC to generate H, from wasted
Post HTL I | I Post-TEC water

Microbial
Wastewater = |

1 Metallic
Cathode

Clean

Process |
H,O

(Biotic) Anode |1

1 Metallic
Cathode

I Post-TEC water |

I----tl-l-z--‘

organic carbon in PHW.
MEC and TEC can be integrated to 1)
provide a more flexible H, supply via
water electrolysis and 2) decompose
recalcitrant organic molecules (if any).
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2 — Progress and Outcomes — TEA

Carbon and Nitrogen Flows of Integrated HTL / MEC System

Carbon Flow:

« HTL can efficiently convert 60% of the
Plokilut ¥ feed carbon to finished oil (SAF, diesel,

naphtha).

0.1%— HT Wastewater « MEC has the potential to efﬁciently
7%— Treated Aqueous decrease aqueous CQOD level by
co, converting organics in aqueous to CO, .

9.3% Gas  Burning 14.31 Flue gas

2.7% Solid
== Landfilling
2.7%™ Solid Disposal
Finished Oil

Nitrogen Flow: 03%HTOffgas

 HTL transfers the majority of N to HTL aqueous HT Wastewater

(PHW) and biocrude. N in aqueous mainly present
in the form of NH; and a small fraction in organic N.

Treated Aqueous

* MEC can convert about 70% N in aqueous to N,.

N,
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Presenter Notes
Presentation Notes
Regarding slide 21. We are getting 2,500-3,000 ppm of N in the food-derived PHW (1,200 ppm of ammonia).  Wastewater treatment plants have a requirement of 10-30 ppm N and 7.5-3 ppm ammonia.
 
Hence, the food waste-derived PHW cannot be directly processes in conventional wastewater treatment processes based on anerobic digestion.



2 — Progress and Outcomes — TEA

Carbon and Nitrogen Flows of Integrated HTL / MEC System

Carbon Flow:

« HTL can efficiently convert 60% of the feed
Finished Ol C to finished oil (SAF, diesel, naphtha) and
~23% of the feed C in PHW.

o mummewmer o MEC has the potential to efficiently
- i decrease aqueous COD level by
converting organics in aqueous to CO, .

co,

9.3% Gas  Burning 14.3%' Flue gas

2.7% solid . jandfilling lid I
2.7%™ Solid Disposa

0.5%— Finished Oil

Nitrogen Flow: 0.3%— HT Offgas

« HTL transfers ~52% of feed N to HTL aqueous
(PHW), mainly in the form of NH; (~14% feed N)
and organic N (~38% feed N), such as pyridine-,
indole-like aromatics and short chain amines.

* MEC can convert about 70% N in aqueous to N,.

HT Wastewater

Treated Aqueous

0 Nz

Solid Disposal
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2 — Progress and Outcomes - TEA
Carbon Conversion Efficiency (CCE) for Integrated HTL vs. Benchmark AD

Food Waste to Natural Gas as Vehicle Fuel (NGV) via AD:

* Food waste to raw biogas CCE is 29%-57% (average 41%)
* Food waste to NGV CCE range is 23%-46% (average 33%)
Food Waste to Finished Fuel via HTL:

+ Data source: 9 food waste or food waste/sludge co-feed PNNL's
bench HTL runs and continuous biocrude hydrotreater runs

+ Food waste to biocrude CCE range of 58%-74% (average 65%,

JBLM to biocrude: 66%)

* Food waste to finished oil CCE range of 52%-67% (average of

58%, JBLM to finished fuel: 59% )

Carbon Conversion Efficiency (CCE)

% JBLM food waste -
Y +
50%
68%
® L]
#*
°
FW to FW to FWto FW to Finished
Biogas via NGV via Biocrude Fuel via HTL+
AD AD+PSA via HTL upgrading

Feedstock

Different FW
(using the
average CCE)

JBLM FW
(using
theoretical AD
correlation)

Product

Intermediate
(biogas/biocrude)

Final fuel
(NGV/ liquid fuel)

Intermediate
(biogas/biocrude)

Final fuel
(NGV/ liquid fuel)

AD

41%

33%

44%

35%

HTL/MEC

65%

58%

66%

59%

Change

+58%

+76%

+50%

+68%
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2 — Progress and Outcomes - TEC
Levelized Cost of Disposal (LCOD) for Integrated HTL/MEC System vs. AD

$ 521 l hfl ¢ 147r)
B HTL/Optimized MEC, (with $3/gge fuel price  LCO ( ) Ye=i[(annual cash flow), /(1 + 1)']

dryton) 30, [(annual waste feed flow) /(1 + 1)t]
Where t = lifetime year (30 years in this work) and r = discount rate (10% in this work)

= $1,300 [JHTL/Optimized MEC (with 54/gge fuel price)
£ 41,100

3 [0 Scenariol: AD biogas flare (no credit from biogas)

G $900
- B Scenario 2: AD + CHP (with 50.07/kWh electricity price)
g $700

2]

E $500 m Scenario3: AD + biogas upgrading (with $3.6 MMBTU RNG credits )

-
S %300 e ————
% | ’ i

100 . -

s ° N | . Himl T el

- I I
g °(100] 5 TPD 10 TPD ! 50 TPD 125 TPD !
g 13 BPD 27 BPD | 130 BPD 330 BPD !

The optimized HTL/MEC system begins to compete with AD (to raw biogas) > 50 TPD scale
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Levelized Cost of Disposal (LCOD) Breakdown for
IntegratedHTL/MEC System

LCOD

S/dry ton treated waste
W
N
(=]
o

$435
$316

-$351

5TPD

13 BPD

$435

$243

-$351

10 TPD
27 BPD

$435

$145
-$351

50 TPD
130 BPD

$435

123
-$351

125 TPD
330 BPD

m Balance

® Hydrotreating
MEC
HTL Biocrude Production

® Sludge dewatering

m Feedstock Avoided Disposal Cost
Fuel Credit

=562
$435
$110

-$351

500 TPD
1,330 BPD
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Presenter Notes
Presentation Notes
As requested, attached is the LCOD breakdown to show each process area’s contribution to LCOD under different scales as a backup slides for the BETO peer review presentation. The main message from LCOD breakdown figure is that Hydrotreating and HTL biocrude production process account for significant part (60-70%) of the cost at 5-10 TPD scale and the associated cost for these two process step can dramatically drop as the scale increase to 500 TPD.
MEC cost is constant regardless of scale.



2 — Progress and Outcomes - LCA

» LCA models for three systems were developed:

1.

Anaerobic Digestion (AD)

2. Hydrothermal Liquefaction (HTL) with Upgrading

3. Hydrothermal Liquefaction, Upgrading, and T-MEC

» TRACI 2.1 quantifies the environmental impact of each system.

Food Waste |
Electricity :
Make-up Water |

Unit
Processes

______ Inputs

! Outputs

| Intermediate
Streams

HTL Solids
HTL Gases

HTL

_______________

1
=== === ] T-MEC | Treated Water |
—| Wastewater —» bommmmmmm !
. :
i Hydrogen 1
L--_-I----J
T i
—> Biocrude b
Lmmmmmemmm)
fmmmmmmmmm——ea
H Diesel !
oo | Upgrading = abntha |
ectricity i i astewater
Sodium Hydroxide E e
Chemicals —
1
1
1

Make-up Water

o
o

o
o

o
S

o
N

o

o
N

Emissions (kg / kg food waste)
1 lo 1
=

o
o

Anaerobic Digestion

HTL + Upgrading

Proposed Technology

m Carbon Dioxide m Methane  Biotic Methane mBiotic Carbon Dioxide m Others mTotal

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0.00024

0.020

Normalized Environmental Quantity

0.00008

0.00002
ﬁ

2

Ecotoxicity

mAD: Process Operations ®mHTL +
7 AD: Electricity 7ZHTL +
2 AD: Digestate Emissions = HTL +
= AD: Sorbitol SHTL +

@ AD: Glucose

Upgrading: Electricity
Upgrading: Process Water

Eutrophication

Upgrading: Hydrogen

Global Warming Potential

Upgrading: Process Operations m Proposed Technology: Process Operations
7 Proposed Technology: Electricity

Proposed Technology: Process Water


Presenter Notes
Presentation Notes
The Life Cycle Analysis (LCA) determines the greenhouse gas emissions and provides a systematic procedure to compare distinct food waste disposal technologies.

Three LCA models were developed using data from the literature and databases in the commercial software package Gabi:
Anaerobic Digestion (AD)
Hydrothermal Liquefaction (HTL) with Upgrading
Hydrothermal Liquefaction, Upgrading, and T-MEC

The LCA models consider a cradle-to-gate approach for a fixed amount of 1 kg food waste.

As an example, the bottom left figure illustrates the LCA model for the proposed technology, which includes the unit processes and a set of inputs, intermediate streams, and outputs.

The environmental impact is quantified through the TRACI 2.1 assessment tool. The figures in the right side show the vapor emissions and environmental metrics, including Ecotoxicity, Eutrophication potential, and Global warming potential. In the bottom right figure, the numbers indicate the absolute value of each metric, e.g., the total ecotoxicity of AD is 0.004. 

There are slightly less favorable environmental impacts of the proposed T-MEC technology relative to AD, but improvements can be achieved by decreasing the electricity demand or increasing heat generation in the proposed technology. This can be facilitated through system level analysis and sensitivity analysis.

Additional Information:
Ecotoxicity (CTUe, comparative toxic unit): harmful (toxic) effect to the environment.
Eutrophication (kg N eq.): enrichment of the environment by a limiting nutrient, which leads to changes in its physico-chemical properties.
Global Warming Potential (kg CO2 eq.): measure of energy absorption of a particular gas relative to CO2.

The HTL + Upgrading system has higher ecotoxicity because of the hydrogen requirements.
The AD system has higher eutrophication because of sorbitol usage.
The Proposed Technology has higher GWP because of the electricity requirements.



2 — Progress and Outcomes - System Level Analysis

» System level optimization model: et Organies, G0, Butfer N
 High level framework to evaluate distinct system N, Leaend
COﬂfIgurathnS % Praz?tss
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Presenter Notes
Presentation Notes
We carried out system level analysis by employing mathematical programming and optimization tools.

We developed the system level network shown in the right side figure that represent the process for the proposed technology. Based on this network, we built an optimization model using the commercial software GAMS. This model is a high level framework used to evaluate distinct system configurations. It approximates material and energy balances, and considers process requirements and specifications.

In addition, we performed system level analysis, which:
Identifies operational and economic drivers
Proposes system improvements
Supports sensitivity analyses that provide meaningful system level insights. 

As an example, the figure in the bottom left shows how the jet fuel selling price affects the economics of the system.


3 — Impact

The carbon conversion efficiency (CCE) of food waste to HTL biocrude is
~50% higher than the CCE of food waste to biogas via AD.

The CCE of integrated HTL and upgrading to produce finished fuel is ~68%
higher than AD and gas cleaning to produce natural gas for vehicle fuel.

The MEC can provide the required hydrogen for biocrude upgrading with a
COD removal efficiency >90%.

The integrated HTL/MEC process with optimization is cost-competitive with
AD above about 50 TPD scale.

When demonstrated successful, this project will provide an integrated
approach to advance DOE's goal of scaling up new technologies to produce
sustainable aviation fuels (SAF).
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Presenter Notes
Presentation Notes
The Impact section should highlight the ‘who cares’ aspect of the project, as evaluated by the Review Criteria.
Explain the impact your project would have on the state of technology and/or the industry if successful.
Discuss how you are disseminating your results such the impact factor of publications, patents, off-take agreements, commercial/industrial partnerships or interest, etc., as applicable to your project scope. 

Reviewers will evaluate the degree to which:
The project demonstrated a clear connection of project approach to the potential for significant impact and outcomes; and
The project has clear commercialization potential or has used or plans to use industry engagement to guide project deliverables, as relevant.




Summary

We have successfully met the milestones of the project, passed the
intermediate review, and now we focus on system analysis, pilot system
development and integration.

Pilot HTL systems were built and operated, converted two types of food
wastes to biocrude. Hydrotreating is underway to produce jet fuel.

Both MEC and TEC can produce H, from the PHW and meet H, demand for
bio-crude upgrading.

The integrated HTL/MEC process with optimization can be cost-competitive
with AD above about 50 TPD scale.
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Quad Chart Overview

Timeline
 Oct. 1, 2020 (contract signed April, 2021)
«  Sept. 30, 2024

FY22

Costed Total Award

DOE 637,372
Funding (PU+UIUC) 2’499, 732

433,567
(PNNL)

Project 624,933

Cost
Share *

TRL at Project Start: 2-3
TRL at Project End: 4-5

*Only fill out if applicable.

Project Goal

Integrated food waste to biofuel pathway with
synergistic aqueous waste valorization.

End of Project Milestone

Aim to improve carbon conversion efficiency by >
502% cﬁl’ reduce disposal costs of the food waste by
> 25%.

Funding Mechanism
FOA- DE-EE0009269

Project Partners™
- UluC
-  PNNL
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Presenter Notes
Presentation Notes
As of February 1st, PNNL has spent a total of $433,567 out of $690,000 (62.8% spent).  At the current spent rate of $18K/month, we have about one year left of funding.

This slide is to provide a one-slide overview of your project. Reviewers will use this slide for quick reference throughout the review process. After reading this slide, the reviewer should understand how the project fits with the goals/objectives of the Technology Area and ultimately the goals/objectives of the DOE Bioenergy Technologies Office.


Good Goals Statements:
The goal of this project is to design and develop scalable and cost-effective next generation catalysts for ex-situ catalytic fast pyrolysis (CFP) to improve the fuel quality and stability of the resulting bio-oil by reducing oxygen content, increasing hydrogen content, and increasing carbon number to a range suitable for gasoline, diesel, or jet fuel.
Develop a biological approach to depolymerize solid lignin for upgrading of low MW aromatic compounds to co-products 
The goal of this project is to develop novel pathways for advanced biological upgrading of sugars to hydrocarbons (HC) by investigating efficient and rapid carbohydrate utilization, high carbon efficiency, cost effective processes. 
Design and develop tools to establish scientific basis for understanding and simulating effects of bioenergy policy on land cover and changes in land characteristics or use.
Bad Goal Statements:
Perform applied, precompetitive R&D
Performing R&D is not a goal.
Improve process economics through understanding of chemistry and physics
What specifically do you need to understand to improve process economics?
Accelerate innovation in catalyst discovery and reduce costs for producing cellulosic sugars 
What is this project actually going to do? The outcome (perhaps) is accelerated innovation. Presumably this project is screening catalysts? For what? Why? Avoid using vague buzz words like “innovation.”
Develop viable processes to produce valuable co-products 
What makes a process viable? What specifically are you trying to do?
In general, bad goal statements do not explain what your project is trying to do. Usually the “how” and “why” are missing.



Publications, Patents, Presentations, Awards, and
Commercialization

1. Summers, Sabrina, Amanda Valentine, Zixin Wang, Yuanhui Zhang. 2023. Pilot-Scale Continuous
Plug-Flow Hydrothermal Liquefaction of Food Waste for Biocrude Production. Fuel: Under review.

2. Summers, Sabrina, Siyu Yang, Jamison Watson, Yuanhui Zhang. 2022. Diesel blends produced via
emulsification of hydrothermal liquefaction biocrude from food waste. Fuel:
https://doi.org/10.1016/j.fuel.2022.124817

3. Zhang, Y. 2022. Toward a Circular Bioeconomy: Environment-Enhancing Food, Energy, and Water
Systems (EE-FEWS). Resource Magazine 29 (3):11-15.

4. Jiang, J., et al., Scale-Up and Techno-Economic Analysis of Microbial Electrolysis Cells for Hydrogen

Production from Wastewater, \Water Research, in review
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Publications, Patents, Presentations, Awards, and
Commercialization

Summers, Sabrina. 2023. Pilot-scale hydrothermal liquefaction of wet biowaste. American Chemical Society. Energy and
Fuels Division, Presidential Symposium: Biorefinery at the Crossroads, Sci-Mix

Jiang, J., et al., Molecular Transformation and Metabolic Insights during MEC treatment of post-hydrothermal liquefaction
wastewater (PHW), 2022 AEESP Conference

Oral presentation at Organic Reactions Catalysis Society. Developing Electrocatalytic Processes for the Conversion of
Biomass-Derived Molecules into Fuels and Chemicals at Normal Temperature and Pressure, PNNL

Presentation. Organic Reactions Catalysis Society Meeting. Jacksonville, FL. October 2022. “Developing Electrocatalytic
Processes for the Conversion of Biomass-Derived Molecules into Fuels and Chemicals at Normal Temperature and
Pressure”

Presentation®. 241st Electrochemical Society Meeting. May 2022.“Electrocatalytic Oxidation of Biomass-Derived
Carboxylic Acids into Fuels and Chemicals”

Presentation®. TC Biomass 2022, April 2022. “Renewable Fuel Production via Electrocatalytic Co-processing of Biomass-
Derived Aqueous Waste and Bio-oils at Normal Temperature and Pressure”

Winner of National Lab Accelerator Pitch Event. Palo Alto, CA. November 2022 with the pitched titled, “Cleaning
Wastewater for Energy Production and a Sustainable Future.”

Seminar at lowa State University titled “Developing electrocatalytic processes for the conversion of biomass-derived
feedstocks into renewable fuels and chemicals”

“Electrocatalytic bio-oil and wastewater treatment” with IPID 31994-E has been licensed to CogniTek Management
Systems, Inc. (“CogniTek”)
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Publications, Patents, Presentations, Awards, and
Commercialization

Joint invention disclosure with Princeton University titled “Integrated microbial and electrocatalytic process to
generate H2 from wastewater at 100% energy efficiency (iEdison No. 0685901-22-0216)"

Lopez-Ruiz won an award for Basic Energy Sciences — Reaching a New Energy Sciences Workforce (BES-
RENEW) Program to increase participation of underrepresented groups in clean energy research. The topic is
“Controlling reaction pathways under the non-ideal conditions of seawater electrolysis”

Lopez-Ruiz won the “National Lab Accelerator Pitch Event - November 16 in Palo Alto, CA” with the pitched titled,
“Cleaning Wastewater for Energy Production and a Sustainable Future.”

Lopez-Ruiz was nominated for “2022 EP&M Innovation in Research Team” and “2022 EP&M Operational
Excellence” awards

Jerry Jiang won the best poster award in the 2022 AEESP Conference.
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Additional Slides
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(Not a template slide — for information purposes only)

* The following slides are to be included in your
submission for evaluation purposes, but will not
be part of your oral presentation —

* You may refer to them during the Q&A period if
they are helpful to you in explaining certain
points.
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Full Recycle configuration only

2 — Progress and Outcomes
We evaluate the performance of different electrocatalysts in a continuous-

flow throw cell in single pass and full recycle configuration

Gas Analysis
Composition and flow

EEEN rates

Anode liquid analysis Cathode liquid analysis

LC, Total C&N, ICP, COD,

NH,;, Flow Rate NH,, Flow Rate

Electrochemical conditions:
- Potential (1-10V)
- Current (0.01to 1 A) |
- Temperature (15 to 60°C) %
- Electrode composition: L

(Pt, Ru, Ni, Cu, etc) w g

2-10 mL/min

2-10 mL/min

Wastewater
LC, Total C&N, ICP, pH, COD, NH3

LC, Total C&N, ICP, COD,

AJuo uoneinbijuod aoAday N4

Anode reactions:

Oxygen evolution: H,0 - 1/, 0, + 2H" + 2e~

I
______ J

Cathode reactlon

The TEC can produce H, from
organics as well as water; hence, it
can be used to close the gap
between H, gen from organic
molecules and H, needed in
upgrading.




Full Recycle configuration only

2 — Progress and Outcomes
We evaluate the performance of different electrocatalysts in a continuous-flow

through cell in single pass and full recycle configuration

Gas Analysis
Composition and flow

EEEN rates

Anode liquid analysis Cathode liquid analysis

LC, Total C&N, ICP, COD,

NH,;, Flow Rate NH,, Flow Rate

Electrochemical conditions:
- Potential (1-10V)
- Current (0.01to 1 A)

- Temperature (15 to 60°C) !’Q

- Electrode composition:
(Pt, Ru, Ni, Cu, etc)

2-10 mL/min

2-10 mL/min

Wastewater
LC, Total C&N, ICP, pH, COD, NH3

LC, Total C&N, ICP, COD,

AJuo uoneinbijuod aoAday N4

* We evaluate the electrocatalytic cell

performance as a function of electrochemical
conditions:

* Metals

* Morphology/ particle size

* Electrolyte compositions (pH, species)

* Electrochemical reaction conditions (A, V)

kWh - Vi
H, Production Rates ( gmetal) _ T

kgHZ a kgHZ/(gmetal ' h)

H, High Heating Value
V y iT * h
V: Full cell voltage; iy: total cell current; h: operation time

X 100

Energy Efficiency (FE,%) =

We will compare H, production rates and energy
efficiencies to that of competitive technologies
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2 — Progress and Outcomes

Results: Carbon Conversion Estimation for
Benchmark Anaerobic Digestion System

AD Bioreactor CHa—p RNG as Vehicle
(NGV) Fuel
@ (CH4 purity>98%)
Raw Biogas PSA
Food waste
Digest CO2+ H2S
. AN S
g e
FW to Biogas Biogas Cleaning

* Food waste to biogas process data is collected from literature

* Food wastes are collected from university canteens/cafeteria or local community; batch or semi-
continuous mesophilic AD process

» Methane recovery rate of 80% is assumed for purifying raw biogas to NGV based on literature

« The theoretical carbon efficiency of JBLM to biogas is 52% using the Buswell equation®

Carbon Conversion Efficiency Assumption
JBLM food waste to Biogas 44% 85% theoretical biomethane yield *
JBLM food waste to RNGV 35% 80% methane recovery rate in gas cleaning 2

(1) Browne, et al. Applied Energy (2013).
(2) Byun, et al. Energy (2021).
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Baseline AD LCOD Assumptions

Economic Assumptions for LCOD calculation

Variables Values Ref
Discounted rate 10% User defined
Loan interest rate 5% User defined
Tax rate 21% User defined
Capital cost financed percent 90% User defined
Project lifetime, year 30 User defined
Electricity Price, $/kWh 0.07 EIA historic data (4
biogas yield, m3/metric ton 200 EPA AD model
calorific value of biogas, kWh/m3 6.5 EPA AD model
CHP efficiency 35% EPA AD model */
surplus electricity for sell 80% Ullah (2017) (©
CAPEX CAPEX= 5.5519(Capacity)0.4642 (1)
CAPEX = 0.01(capacity)®® @
OPEX OPEX= 0.094 Capacity
OPEX = 0.0015(capacity)®®
Ref: (1) Khan, et al. Waste Management 48: 548-64. (4) https:/lwww.eia.gov/electricity/annual/
(2) Murphy, et al. Renewable Energy 29(7): 1043-57. (5) https://lwww.epa.gov/anaerobic-digestion/anaerobic-digestion-tools-and-resources

(3) all price in 2019 dollars. (6) Ullah. Master Thesis. University of Alberta.



Responses to Previous Reviewers’
Comments

* |f your project has been peer reviewed previously,
address 1-3 significant questions/criticisms from the
previous reviewers’ comments which you have

since addressed
 Also provide highlights from any Go/No-Go Reviews

Note: This slide is for the use of the Peer Reviewers only — it is not to
be presented as part of your oral presentation. These Additional Slides
will be included in the copy of your presentation that will be made
available to the Reviewers.
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