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Agricultural Mulch Films (AMFs)
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Benefits of mulching
Soil environment Economic
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Conserve soil water
Reduce evaporation
Regulates soil temperature
Insect and pest control
Minimize weed growth
Improve soil heath
Increase nutrient status
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Enhance crop vield

Increase fruits quality

Increase water use efficiency
Improve water holding capacity
Earlier harvest

Profitable

Benefits of mulching (adapted from Igbal et al., 2020)
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Biodegradable Mulch Films (BMFs)

PBAT = Biodegrades in the soil saving the labor
ghAA of collection.

= Same agronomic performance

= Do not behave in the same way with
traditional additives and fillers.
(Hernandez-Charpak et al., 2022)

= Can biochar fulfill the roles of
processing additive and opacity filler?

Carbon black Opacity
= Depending on film thickness and filler
concentration (Zhao et al., 2022)

* Fossil fueled based
= Used only for opacity, up to 4 wt.%

= Interest in literature to displace it (Belanger
et al., 2023; Meisel et al., 2022)
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Opacity determination

Carbon Black Biochar opaque

opaque films films
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Experimentation
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Fit for use (FFU)
between 12 and
15 wt. % BC

160

140

120

Modulus (MPa)
] s o o
o o (=] o

(=]

1000

Tear propagation resistance (g)

100

800 +

600 +

400 +

Experimentation Rochester Institute of Technology | 7
Modulus Elongation at Break
1000 1
800 | |
£ 6001
< |
o
]
‘ 400 - —_—
‘ | | 200 +--=@--- 2T E'E MR B -
|
0_
2 4 6 8 12 15 0 2 4 6 8 12 15
Concentration of filler (wt. %) Concentration of filler (wt. %) !
Tear Resistance Tensile Strength
40

Stress (MPa)
3%
(=]

2 4 6
Concentration of filler (wt. %)

BN PBAT MD

[ PBAT CD

10 1
15
s BCMD

[
wn
L

Concentration of filler (wt. %)

I CB MD BC CD B CBCD



RIT

Life Cycle Assessment (LCA)
Techno economical Analysis (TEA)

Resource
% Extraction

Recycling
LA
w2

Waste
Management

B

TEA and LCA
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Interpretation
Iteration
Conclusions and Recommendations
t 1 t
v v v
Goal and
Scope Inventory
Definition Analysis
Purpose Data Overall effects on
Audience < * Assumptions *» human health
System boundaries Limitations and environment

Based on ISO 14044:2006 Standards for Life Cycle Assessment

(Langhorst et al 2022)

Matthews et al 2015)

Technology life cycle

Life cycle inventory

soll

Ultimate risk to
human health and
ecological
systems:

* Climate change
¢ Cumulative

energy demand

* Acidification

* Smog formation
* Eco-toxicity

*  Human health
 efc....

Life cycle impact
assessment

ISO 14040
ISO 14044

Goal and Scope

* Boundaries

* Functional Unit

* [mpact Assessment

Methods

Life Cycle Inventory
(data)
Life Cycle Impact
Assessment
Sensitivity Analysis
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FU GWP Impact Increase FU Cost Increase
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For mono-layer AMF BC Is not a sustainable alternative
of CB for opacity.

The cost and environmental impact are driven by the
polymer used.

Assumptions of our work:
- Opacity variabllity is based on experimental data, produced with

only one type of BC
- Same horticultural benefit from the two options
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Particle distribution using ASTM D2862
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Block Category Description Value Comment
Material Input from  Bark chips, wet, measured as
BC (1 tonne) Technosphere dry mass {RoW} 5932 kg Feedstock needed (Bergman et al. 2022)
Energy input from  Diesel, burned in Agricultural  641.7 18L of diesel combusted at LHV". (Bergman et al.
Technosphere machinery {GLO} MJ 2022)
Heat, central or small scale, 0.31 MJ From the burn of 8L of propane/NG™. (Bergman et al.
natural gas {RoW} ' 2022)
Electricity, onsite boiler, 3336  From the burn of 834kg of woody biomass assuming at
hardwood KWh LHV" . (Bergman et al. 2022)

Emissions Carbon Dioxide, biogenic 9'1%E3 Supplemental information of (Sahoo et al. 2021)
Carbon Monoxide, biogenic  3.46 kg Supplemental information of (Sahoo et al. 2021)
Methane, biogenic O'Z;B Supplemental information of (Sahoo et al. 2021)
Nitrogen Oxides 9.73 kg Supplemental information of (Sahoo et al. 2021)
Particulates, <10 um 6.82 kg Supplemental information of (Sahoo et al. 2021)
Particulates, <2.5 um 0.055 kg Supplemental information of (Sahoo et al. 2021)
Particulates 5.19 kg Supplemental information of (Sahoo et al. 2021)
Propane 1.89 kg Supplemental information of (Sahoo et al. 2021)
Sulfur dioxide 0.157 kg Supplemental information of (Sahoo et al. 2021)

PBAT (1 kg) Material inputs from 1,4-Butanediol 0.41 kg Table 4 of (Schrijvers et al. 2014)

Technosphere
e Terephthalic acid 0.33 Table 4 of (Schrijvers et al. 2014)
PET granulate,
i 0
supposing a 90% Adipic acid 0.37 Table 4 of (Schrijvers et al. 2014)

efficiency
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Land use at 75% opacity Terrestrial ecotoxicity at 75% opacity
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Water consumption at 75% opacity
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