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Biochar (BC), a product of the thermochemical conversion of organic waste, has shown to have applications ranging 
from soil remediation to polymeric filler (Bartoli et al., 2022; Hernandez-Charpak et al., 2022). BC has become a 
strong candidate to maximize waste valorization and become a potential agent for a transition towards a circular  
economy. BC comes from a wide variety of organic matter, usually waste, and differences in chemical composition,  
physical properties and morphology have been found  (Lange et al.,  2018). These properties depend on multiple 
production variables, including pyrolysis temperature, maximum temperature, feedstock, etc. (Lange et al., 2018). The 
key properties that change when using BC as a filler are mechanical (tensile strength and elongation at break) and  
opaqueness (Hernandez-Charpak et al., 2022). Literature has identified BC particle size to be the most relevant factor 
to ensure functional mechanical properties, additionally opaqueness (darkness) also change allowing BC to displace 
carbon black (CB), a petroleum-derived filler, used to darken product (Bélanger et al., 2023; Peterson & Kim, 2020).

Our previous work demonstrated the environmental and economic limits of BC as an additive for PBAT films  
(Hernandez-Charpak et al., 2024) and has been proposed as a sustainable alternative for CB in thicker plastics (Kane 
et al., 2022; Kane & Ryan, 2022) This study will present a comprehensive life cycle assessment (LCA) to demonstrate 
the sustainability of BC versus the conventional additive, CB in the context of industrial production of injection 
molded plastics.

The LCA will  follow ISO standards 14040 and 
14044, using an experimentally defined functional 
unit.  The  functional  unit  is  a  dark-equivalent 
10000cc injection molded piece of  high-density 
polyethylene with ball-milled BC compared with a 
1% by weight CB filled piece. This equivalence 
was  found  experimentally  as  BC  based  from 
African palm shell waste and consequently ball-
milled.  Mechanical  properties  were  measured 
using  an  universal  testing  machine  (INSTRON 
3367) following ASTM D638 and darkness was 
measured  using  a  spectrophotometer  (Mettler 
Toledo). The system limit is shown in Figure 1, it 

is a cradle-to-gate based on industrial flow of plastic manufacturing, first production of the fillers, then production  
(twin-screw extrusion)  of  the  masterbatches (MB) and then injection molding of  the  piece,  accounting for  the 
transportation between each step. The LCA results are shown in Figure 2 (top). It can be seen that even though the BC 
masterbatch used has a lower impact as seen in Figure 2 (bottom), the GWP impacts are very similar, but in the other 
impact categories, the BC-based piece has a higher impact, more specifically land use. These results suggest that the 
case of propose-grown biochar can be a complicated scenario. This is ongoing work as additional scenarios are being 
tested, as additional BC content, sludge-based BC and a technoeconomic analysis. 

Figure 1. System diagram for the LCA having a functionally equivalent 
injection molded piece.
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Figure 2. (top) LCA ReCiPe 2016 results of the 10000cc injection molded piece using BC, CB and CaCO 3 as opacity additive and filler. (bottom) 
LCA ReCiPE 2016 results of 1kg of MB based on each of the analyzed fillers at 50% weight. 
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