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Equivalency Results  How are they calculated? \

The sum of the greenhouse gas emissions you entered above is of
Carbon Dioxide Equivalent. This is equivalent to:

1,450,002 Metric Tons

Greenhouse gas emissions from

310,493 3,553,925,318 505,227 72,247
. Passenger . Miles driven Tons of waste Garbage
. vehicles driven y by an average ‘ \ recycled ‘ \ trucks of
h for one year |7 h passenger e I; g instead of e I; h waste recycled
vehicle landfilled instead of
landfilled
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Source: US-EPA, Chesapeake Bay Total Maximum Daily Load
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Angenent LT, Usack JG, Xu J, Hafenbradl D. Posmanik R, Tester JW. 2018. Bioresour. Technol. 247, 1085-1094.
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Posmanik R, Glicksberg R, Darzi R, Shabtai A, Cohen-Zinder M. (2019), under review .
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Carbon
32%

Hydrogen

7% )
1
Nitrogen I\ Nitrogen
5% ’ 2%
Hydrogen

Oxygen
30%

4%
HHV=11 MJ/kg

HHV=30 MJ/kg

Carbon
74%

Higher heating value, HHV = 0.338 X C + 1.428 (H — g) 12
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Posmanik R, Glicksberg R, Darzi R, Shabtai A, Cohen-Zinder M. (2019), under review .
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Rao U, Posmanik R, Hatch LE, Tester JW, Walker SL, Barsanti SC, Jassby D. (2018) Bioresource Technology 267, 408-415.
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250C,
60 min

250C,
15 min

200C,
60 min

200C,
15 min

Control

Disease Severity (AUDPC, %x days)

* Plant protection ability of biomass thermally processed liquids with Prof. Y. Elad and Dr. E. Graber, ARO
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Enthalpy of water vs. Temp. at 1 and 300 atm

Enthalpy (K] /ka)

1000

o

Available thermal energy expressed by the
change in enthalpy (AH) that can potentially
be recovered by cooling water from reaction
to room temperature.

Temperature AH

(°C) (kd/kg)

175 627

200 739

225 852

250 970

275 1094

300 1229

325 1379

350 1557

Energy out= 30 ﬂ x 0.7 k‘(.} ol
kg oil kg biomass

= 21MJ/kg biomass
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Modeling HTL post-treatment scenarios
(AD vs. CHG)

Catalytic
hydrothermal
gasification

Anaerobic /
digestion

Gerber Van Doren L, Posmanik R, Bicalho F, Tester JW, Sills DL. (2017) Bioresource Technology 225, 67-74. 2131



Hydrothermal wastewater
100 kW

41% recovery 20% recovery

Catalytic hydrothermal gasification (CHG) Anaerobic digestion (AD)

Digestate: Digestate:
45 kW 74 kW
Biomethane:
55 kW 26 kW
. Waste heat:
\{\gai\t/c\e/ heat: Combined 6 KW
heat and
power |
Electricity:
Electricity: (CHP) 7 kW

Heat:
13 kW

15 kW

Heat:
26 kW

Gerber Van Doren L, Posmanik R, Bicalho F, Tester JW, Sills DL. (2017) Bioresource Technology 225, 67-74. 22



Techno-economic analysis

USD/ ton

750
500 | Revenue

Electricity
250 H t External heat
0 Maintenance
Feedstock
=250 - Labor
Biocrude
-500 1  Costs Carbon credits
-750

HTL-AD HTL-CHG

Gerber Van Doren L, Posmanik R, Bicalho F, Tester JW, Sills DL. (2017) Bioresource Technology 225, 67-74. 23



Heat integration shifts the AD scenario towards
a positive balance

USD/ton +$30/ton
o0 1 HTL-CHG
0 =
-50 H HTL-AD
-100
-150 -
-200 -
-$250/ton
-250 -
-300 7| === With heat integration
mmmm \\V/ithout heat integration

-350 -

Gerber Van Doren L, Posmanik R, Bicalho F, Tester JW, Sills DL. (2017) Bioresource Technology 225, 67-74.



