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How a Carbon Offset works.

oy ey iy = (1 TIWRIY 3w
1 CcO2 Offset = 1 Metric Ton of Carbon Dioxide Reductions '\?/l @/ l\?/' '\> I\@ o e
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Carbon Offsets

Associated Press, Sebastian Scheiner :DI7'¥ / WINIT W ,IDT'7 WTIIN

“The Bank of Israel came to the conclusion that a carbon tax is the most
effective policy for combating global warming and reducing GHG
emissions.”

“In the background is the fear that the EU will impose duties on imports
from countries that do not practice carbon pricing.”
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Food: greenhouse gas emissions across the supply chain Our World

B ey [
dowse B gy b, 50
: |

in Data

me

ansport emis:

smail for most ct:
Beef (beef herd) [l 50
| amb & Mutton M Metha L and land conversion for grazing and animal feed

t means be am d heef herds has a very high carbon footprint.
neese

Beef (dairy herd)
Chocolate
Coffee

Prawns (farmed)
Palm Oil

Pig Meat
Poultry Meat
Olive Oil

Fish (farmed)
Eggs

Rice

beef from dairy herds
print than dedicated beef herds.

1

poultry are non-ruminant liveslock so do nol produce methane,
e significantly lower emissions than beef and lamb.

| 4 Flooded rice produces methane, which dominates on-farm emissions.

3 ‘Farm’ emissions for wild fish refers to fuel used by fishing vessels

Fish (wild catch)

H  Methane production from s da ilk
Milk 3 I:Ias \.i;r:f;l‘(::‘rjwflt\jcfrngpchr?:?Iu ".|l.;l}(1‘(=‘rr\-\\i|“::‘ll.dr'l lks.
Cane Sugar 13 )
Groundnuls 2.5 ‘
Wheat & Rye \N_Iodel Farm
Tomatoes For Sustainable Agriculture
Maize (Corn) CO, emissions from most plant-based
Cassava products are as much as 10-50 times . . .
Soymilk lower than most animal-based products. Co I Iabor‘aTlon WITh : DrI
Peas Faclors such as lransporl dislance, packaging, er" CO hen Z|nder‘ & Dr'
Bananas or specific farm metl reoflen .
small compared to importance of food type.
Root Vegetables l i ' VI A r'el SthTGy ' A RO
Apples
Citrus Fruit fJ0.3
0 Nuts [0.3_)
) ! 10 15 20 25 30 35 40 45 50 55 60

' Nuts have a neg; a e change i
& bacause nut trecs are currently oplands: Greenhouse gas emissions per kilogram of food product
M d I F (kg CO,-equivalents per kg product)

For Sustainable Agriculture
https://ourworldindata.org/food-choice-vs-eating-local
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Carbon footprint of beef

60 kg of CO, for 1 kg of beef

* In confined feedlot they grow the calves to ~500 kg each.
300 kg of beef can be “generated” from 500 kg.

« A 1,000 head feedlot produces 300 tones of beef per year.
e 18,000 tones of CO, per year. —

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:

Greenhouse gas emissions from

45,237,562

=N venicies ariven | _ =N by an average A 1,000 heads feedlot = 3,900 cars

for one year passenger
vehicle
CO, emissions from
2,025,430 1,768,173 19,895,103 238 2,168

gallons of Pounds of coal tanker trucks' A homes' energy

gallons of
gasoline diesel burned worth of use for one
iﬁ consumed or consumed ar m or 'O‘O—B gasoline or year ]
e

Sources: https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator



Optimization of the energy balance in the feedlot
may minimize the carbon footprint of CAFO
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MOdeI Farm Angenent LT, Usack JG, Xu J, Hafenbradl D, Posmanik R, Tester JW, 2018. Bioresour. Technol. 247, 1085-1094.
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* Drastic drop in dielectric constant and water density with the increase of
the ionic product near critical conditions.

Model Farm * A good alternative to dissolve, hydrolyze and fractionate biomass.
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HTL allows fast conversion of organic carbon
into bio-crude oil and other co-products

BIOMASS HTL
Gas
/Cellulose Lipich ﬁ |
Lignin | -
XL " Aqueous ~
M & phase
, ] % Crude
=~ Starct ‘;0 Proteins N oil
b K 1 ?,'.3 | CoEERC
k T ' / p— -_‘:'T Hydro
char

10-120 min
200-350 °C
For Sustainable Agriculture 2_20 MPa




Manure conversion to hydrochar + biocrude oil in
subcritical water

s Hydrochar = Biocrude oil
mmm Ag. phase O Total conversion

100

60 -

Q
40
20
0 _
200 250 300

Reaction temperature (°C)

Carbon recovery (%)
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Posmanik R, Darzi R, Glicksberg R, Shabtay A, Cohen-Zinder M, 2020. Environmental Science: Water Research & Technology 6, 1125-1138
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More carbon, less oxygen

g Feedstock

Carbon
32% 32%

Heat of combustion=10 MJ/kg

Biocrude
oil

Oxygen
14%

P .
i 100m! 4
-_—

Carbon
74%

Heat of combustion=30 MJ/kg




Hydrochar

H D64 x1.0k 100um

H D64 x10k 100um

H D66 x1.0k 100um

Q
T
LQ ;
g g Decarboxylation 0 Manure
< H I @® 200°C
Dehydration @® 250°C
® 300°C
Model Farm = Jree o
| 0 0.2 0.4 0.6 0.8 1.0
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Atomic O/C




More than 707% energy recovery in the process

300°C o
250°C 8
@)

200°C 5
=
=

J [Model Farm

For Sustainable Agriculture Posmanik R, Darzi R, Glicksberg R, Shabtay A, Cohen-Zinder M, 2020. Environmental Science: Water Research & Technology 6, 1125-1138




Energy balance (1,000 heads)

MJ/ calf/ day
150.0 -

100.0 -
50.0 -
0.0 -

-50.0 -

-100.0 -

200

Energy returned

Energy invested
250

Temperature (°C)

300

Model Farm
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Net gained energy
= Energy returned — Energy invested

GJ kW h
=40 - 60——=12,000 — 16,000
day day

Energy returned

EROI = 2—3

Energy invested

Posmanik R, Darzi R, Glicksberg R, Shabtay A, Cohen-Zinder M, 2020. Environmental Science: Water Research & Technology 6, 1125-1138



Carbon offset

For 1,000 head feedlot:
e 16,000 KWh per day = 5,840,000 KWh per year

l

If You Have Energy Data If You Have Emissions Data

5840000 ) ‘ kilowatt-hours of electricity +
e

e

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:
e ————————

Greenhouse gas emissions from
How much we saved?

10,245,939

|
|
:
' 892 cars/
Passenger Miles driven 1 = (0]
i 22%
|

: hicles dri b :
%ﬁ o S R 3915 cars
| vehicle
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Take home

* Assuming that global population will continue to grow and intensive
animal farming will continue to expand, resource recovery systems
will be crucial for maintaining sustainable food production.

 Resource recovery from manure using hydrothermal technology
should be consider to minimize the carbon footprint of intensive
agriculture, driven by the necessity of increased food security and
climate change mitigation.

* From a circular economy perspective, our analyses demonstrate
the capacity of the hydrothermal treatment to recover multiple
products from waste.

* Altogether, the experimental data, the energy balance and
sensitivity analysis may bridge the gap between the laboratory

measurements and the ‘real world’ application.
Model Farm

For Sustainable Agriculture
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