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Agricultural Mulch Films (AMFs)

▪ Increase yield (Iqbal et al., 2020)

▪ Less water use (Iqbal et al., 2020) (Espi et al., 2008)

▪ Less pesticides and herbicides (Iqbal et al., 2020) (Espi et al., 2008)

▪ Avoids erosion (Iqbal et al., 2020) (Espi et al., 2008) 

▪ >2 million t/year (Inglis et al., 2015)

▪ Most of it is polyethylene (PE) based.

Benefits of mulching (adapted from Iqbal et al., 2020)

Introduction
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▪ Biodegrades in the soil saving the labor 

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?

Biodegradable Mulch Films (BMFs)

Introduction

PBAT

PLA

PHA

Carbon black

▪ Fossil fueled based 

▪ Used only for opacity, up to 4 wt.%

▪ Interest in literature to displace it (Bélanger 

et al., 2023; Meisel et al., 2022) 

Opacity 
▪ Depending on film thickness and filler 

concentration (Zhao et al., 2022)
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Carbon Black 

opaque films

Biochar opaque 

films

2 wt. %

 4 wt. %

2 wt. %

4 wt. %

6 wt. %

8 wt. %

12 wt. %

15 wt. %

Under 50.4 µm

DSC, TGA, Mechanical, Opacity

Opacity determination



|  5Experimentation



|  6Experimentation



|  7Experimentation

Fit for use (FFU) 

between 12 and 

15 wt. % BC
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Life Cycle Assessment (LCA) ISO 14040

ISO 14044

• Goal and Scope

• Boundaries

• Functional Unit

• Impact Assessment 

Methods

• Life Cycle Inventory 

(data)

• Life Cycle Impact 

Assessment

• Sensitivity Analysis

Techno economical Analysis (TEA)

(Langhorst et al 2022)

(Matthews et al 2015)
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Category Global Warming impact All the others

LCI methods IPCC v1 GWP 2021 

(including uptake)

ReCiPe 2016 

Midpoint Hierarchical

Source of 

data

Biochar production Carbon Black production PBAT 

production

Transport Plastic extrusion

LCA Sahoo et al. 2021

Bergman et al. 2022

Ecoinvent v3 as Meisel et al., 

2022 and Haylock et al, 2018

Schrijvers et al. 

2014

Ecoivent v3 as 

Choi et al, 2018

Choi et al, 2018

TEA Sahoo et al. 2021

Bergman et al. 2022

Own purchase and Haylock et 

al, 2018

Own Purchase Sahin et al, 

2009

Haylock et al, 2018

Cimpan et al, 2016

• Goal and Scope

• Life Cycle Inventory (data)

• Life Cycle Impact Assessment

• Sensitivity Analysis

TEA and LCA

Cradle-to-gate
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>100 µm

50-100 µm

41.1µm

29.9µm

25.4µm

TEA and LCA



|  11TEA and LCA

Global Warming Land Use
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Our results are 

sensitive to the PBAT 

impact and cost

Filler (either BC or 

CB) has little effect on 

overall results
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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.

Conclusions

Assumptions of our work:

- Opacity variability is based on experimental data, produced with 

only one type of BC

- Same horticultural benefit from the two options
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Thank you!
Questions?

References!



|  15

References
Langhorst, T., McCord, S., Zimmermann, A., Müller, L., Cremonese, L., Strunge, T., Wang, Y., Zaragoza, A. V., Wunderlich, J., Marxen, A., Armstrong, K., Buchner, G., Kätelhön, A., 

Bachmann, M., Sternberg, A., Michailos, S., Naims, H., Winter, B., Roskosch, D., … Sick, V. (2022). Techno-Economic Assessment & Life Cycle Assessment Guidelines for CO-2 Utilization. 

https://doi.org/10.7302/4190

Matthews, H. S., Hendrickson, C. T., & Matthews, D. H. (2015). Life Cycle Assessment: Quantitative Approaches for Decisions That Matter. https://www.lcatextbook.com/

Haylock, R., Rosentrater, K.A.: Cradle-to-Grave Life Cycle Assessment and Techno-Economic Analysis of Polylactic Acid Composites with Traditional and Bio-Based Fillers. J Polym Environ. 

26, 1484–1503 (2018). https://doi.org/10.1007/s10924-017-1041-2

Sahin, B., Yilmaz, H., Ust, Y., Guneri, A.F., Gulsun, B.: An approach for analysing transportation costs and a case study. Eur J Oper Res. 193, 1–11 (2009). 

https://doi.org/10.1016/j.ejor.2007.10.030

Choi, B., Yoo, S., Park, S. Il: Carbon footprint of packaging films made from LDPE, PLA, and PLA/PBAT blends in South Korea. Sustainability (Switzerland). 10, (2018). 

https://doi.org/10.3390/su10072369

Cimpan, C., Maul, A., Wenzel, H., Pretz, T.: Techno-economic assessment of central sorting at material recovery facilities – the case of lightweight packaging 

Schrijvers, D.L., Leroux, F., Verney, V., Patel, M.K.: Ex-ante life cycle assessment of polymer nanocomposites using organo-modified layered double hydroxides for potential application in 

agricultural films. Green Chemistry. 16, 4969–4984 (2014). https://doi.org/10.1039/c4gc00830h

Sahoo, K., Upadhyay, A., Runge, T., Bergman, R., Puettmann, M., Bilek, E.: Life-cycle assessment and techno-economic analysis of biochar produced from forest residues using portable 

systems. Int J Life Cycle Assess. 26, 189–213 (2021). https://doi.org/10.1007/s11367-020-01830-9

Bergman, R., Sahoo, K., Englund, K., Mousavi-Avval, S.H.: Lifecycle Assessment and Techno-Economic Analysis of Biochar Pellet Production from Forest Residues and Field Application. 

Energies (Basel). 15, (2022). https://doi.org/10.3390/en15041559

Meisel, K., Röver, L., Majer, S., Herklotz, B., Thrän, D.: A Comparison of Functional Fillers—Greenhouse Gas Emissions and Air Pollutants from Lignin-Based Filler, Carbon Black and Silica. 

Sustainability (Switzerland). 14, (2022). https://doi.org/10.3390/su14095393

Bélanger, N., Macek, H., Gariépy, Y., Francis, M., Prasher, S., Khripin, C.Y., Mehlem, J.J., Dumont, M.J.: Evaluating corn-based biochar as an alternative to carbon black in styrene-butadiene 

rubber composites. Mater Today Commun. 34, (2023). https://doi.org/10.1016/j.mtcomm.2022.105218

Hernandez-Charpak, Y.D., Trabold, T.A., Lewis, C.L., Diaz, C.A.: Biochar as a processing additive in poly(butylene adipate-co-terephthalate) (PBAT). In: 9th International Conference on 

Sustainable Solid Waste Management,  Marine Litter, Plastics & Bioplastics. , Corfu (2022)

Espí, E., Salmerón, A., Fontecha, A., García, Y., Real, A.I.: Plastic films for agricultural applications. Journal of Plastic Film and Sheeting. 22, 85–102 (2006). 

https://doi.org/10.1177/8756087906064220

Inglis, D. A. (2015). Biodegradable plastic agricultural mulches and key features of microbial degradation. In Applied Microbiology and Biotechnology (Vol. 99, Issue 3, pp. 1039–1056). 

Springer Verlag. https://doi.org/10.1007/s00253-014-6267-5

Iqbal, R., Raza, M. A. S., Valipour, M., Saleem, M. F., Zaheer, M. S., Ahmad, S., Toleikiene, M., Haider, I., Aslam, M. U., & Nazar, M. A. (2020). Potential agricultural and environmental 

benefits of mulches—a review. Bulletin of the National Research Centre, 44(1). https://doi.org/10.1186/s42269-020-00290-3

Zhao, J., Wang, Y., Liu, C.: Film Transparency and Opacity Measurements. Food Anal Methods. 15, 2840–2846 (2022). https://doi.org/10.1007/s12161-022-02343-x



|  16

Maeno, 2006
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Block Category Description Value Comment

BC (1 tonne)
Material Input from 

Technosphere

Bark chips, wet, measured as 

dry mass {RoW}
5932 kg Feedstock needed (Bergman et al. 2022)

Energy input from 

Technosphere

Diesel, burned in Agricultural 

machinery {GLO}

641.7 

MJ

18L of diesel combusted at LHV*. (Bergman et al. 

2022)

Heat, central or small scale, 

natural gas {RoW}
0.31 MJ

From the burn of 8L of propane/NG**. (Bergman et al. 

2022)

Electricity, onsite boiler, 

hardwood

3336 

kWh

From the burn of 834kg of woody biomass assuming at 

LHV• . (Bergman et al. 2022)

Emissions Carbon Dioxide, biogenic
9.49E3 

kg
Supplemental information of (Sahoo et al. 2021)

Carbon Monoxide, biogenic 3.46  kg Supplemental information of (Sahoo et al. 2021)

Methane, biogenic
0.753   

kg
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 

Technosphere
1,4-Butanediol 0.41 kg Table 4 of (Schrijvers et al. 2014)

Copy block from 

PET granulate,
Terephthalic acid 0.33 Table 4 of (Schrijvers et al. 2014)

supposing a 90% 

efficiency
Adipic acid 0.37 Table 4 of (Schrijvers et al. 2014)
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Ozone Formation, Human Health Ozone Formation, terrestrial eutrophication 
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(Meisel et al., 2022) 

Introduction

Functionality not equivalent between 

HTT and Carbon Black
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