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Abstract 
The use of renewable materials and cleaner production is currently the target of the automotive industry to reduce the use-
phase environmental impacts of vehicles. Renewable lightweight materials are used to replace conventional materials to 
produce lightweight automotive parts, leading to reduced fuel consumption, which contributes toward meeting the industry’s 
environmental impact target. In this study, we compared the life cycle of a conventional composite to that of a biocomposite 
for automotive applications using the standard set by the International Standards Organization (ISO 2006). The conven-
tional one is talc-reinforced polypropylene composite (talc–PP) at a 70% PP to 30% talc weight ratio. The biocomposite is 
Miscanthus biochar-reinforced polypropylene composite (MB–PP) at a 70% PP to 30% MB. The functional unit is 982 cm3 
of composite used for a certain vehicle part (i.e., an automotive component). The environmental impacts are determined 
using the Tool for the Reduction and Assessment of Chemical and Other Environmental Impacts (TRACI, v2.1). The system 
boundary includes material extraction to the disposal stage of the composites. The results revealed that MB–PP composite 
had the least impact for all categories than talc–PP composite and appeared to be a favorable option for automotive parts 
from an environmental perspective. This study indicates that MB-PP can reduce about 25% environmental impacts of the 
life of composite if it replaces the talc–PP composite. The MB–PP composite emerged as a promising option than talc–PP 
composite and has environmentally benign green credentials for automotive parts application.
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Introduction

Environmental responsibility and sustainability issues 
have led to a growing concern for automobile manufactur-
ing industries about the amount of carbon dioxide  (CO2) 
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emission from the sector to mitigate climate change issues 
(Witik et al. 2011). Efforts are underway to reduce green-
house gas (GHG) emissions from every potential source with 
special emphasis on the transportation sector. This sector is 
one of the major emitters in Canada, contributing about 25% 
of total GHG emissions in 2016, which is the second larg-
est contributor (Government of Canadan 2018). More than 
80% of this emission is accounted for road transportations 
(passenger cars, light, and heavy-duty trucks, etc.) that, to a 
large extent, rely on fossil-based fuels such as gasoline and 
diesel for their operations (Neufeld and Massicotte 2017).

The pressure toward improving the environmental per-
formance of vehicles has led to technological innovations 
on alternative fuels, efficient powertrain, and lightweight 
materials (Kim and Wallington 2013; Delogu et al. 2016). 
Reducing the weight of vehicles in automotive industries 
using lightweight materials is a solution while increasing the 
amount of sustainable materials made from recycled and/or 
renewable materials in the vehicle components is a common 
problem (Poulikidou et al. 2015; Wang et al. 2018). Biocom-
posites have the potential for weight reduction (Kim and 
Wallington 2013; Snowdon et al. 2017). Weight reduction 
can be achieved through the substitution of petro-fossil-rein-
forced thermoplastics with renewable material-reinforced 
biocomposites, which provides a lower carbon footprint 
(Ogunsona et al. 2017; Wang et al. 2018), and for every 10% 
that car weight reduction using bio-based polymers com-
posites reduce 8% fuel consumption (Behazin et al. 2017).

The concept of lightweighting is to reduce the density 
of the materials used to make the part (Behazin et al. 2017) 
and/or replacing materials that have higher density with 
lower density materials of comparable mechanical proper-
ties (Wang et al. 2018). The density of thermoplastic materi-
als is largely determined by the type and quantity of fillers 
(USA Patent, 2014). Various fillers are used by thermoplas-
tic manufacturing industries because they provide the best 
functional properties and reduce the cost of thermoplastic 
(Behazin et al. 2017; Wang et al. 2018).

In 2015, the filler market was more than USD 45 billion 
(Civancik-Uslu et al. 2018). Talc, carbon black,  CaCO3, sil-
ica, glass fiber, carbon fiber, and kaolin are used to reinforce 
polypropylene (PP) to increase its stiffness and toughness 
to a greater extent (Mashouf Roudsari et al. 2017). The PP 
used in the production of lightweight vehicle parts make up 
to 65–70% of lightweight component for vehicles has been 
suggested for comparative life-cycle assessment (LCA) stud-
ies with a bio-based polymer (Behazin et al. 2017; Snow-
don et al. 2017). Talc stabilizes a PP composite by reducing 
the PP coefficient of linear thermal expansion and also acts 
as a nucleating agent enhancing material solidification in 
the injection molding process (Snowdon et al. 2017). The 
automotive plastic part manufacturer uses 10% to 30% talc 
filler (by weight) in the part (Kong 2011). Talc filler tends to 

increase part density, reduce material ductility, and degrade 
surface quality due to higher density (2.6 g/cm3) of talc 
filler (Kong 2011). Other fillers such as glass fiber, carbon 
fiber, and nano-composite may be relatively abrasive, which 
causes tool wear over time that may degrade part appear-
ance. In addition, carbon fiber and nano-composite are in 
limited supply, expensive, and difficult to mold (Civancik-
Uslu et al. 2018).

The density of unfilled PP is 0.9 g/cm3, whereas a 30% 
talc-reinforced PP material has a density of about 1.05 g/
cm3. Therefore, a relatively high density of talc offsets any 
environmental benefits that may be expected. Consequently, 
researchers have shifted attention toward bio-based fillers 
(Luz et al. 2010; Behazin et al. 2017). A filler with a lower 
density, like biomass-derived biochar (1.35 g/cm3), has a 
lower density than talc provides favorable performance char-
acteristics and appearance (Kong 2011; Wang et al. 2018). 
A low-density, low-cost, high renewable content and com-
parable physicochemical and mechanical properties with 
that of talc filler are needed for the transportation sector, 
especially for automotive parts such as lightweighting pur-
pose features (Kong 2011; Luz et al. 2010; Ogunsona et al. 
2017). The use of biochar obtained through slow pyrolysis 
of Miscanthus grass in place of talc can help to meet the 
automotive industry’s goal for reducing the weight of car 
parts for better fuel efficiency and increasing the usage of 
renewable materials for environmental benefits (Behazin 
et al. 2017; Wang et al. 2018). However, in order to con-
firm that bio-based lightweight materials are greener than 
conventional materials from an environmental perspective, 
a comparative LCA should be employed to analyze them 
throughout their entire life cycle. Although several research-
ers have conducted comparative assessments of vehicle com-
ponents (Subic et al. 2010; Boland et al. 2016; Delogu et al. 
2017; Beigbeder et al. 2019), most of them are limited to 
conventional material-reinforced composites. For example, a 
comparative study between talc- and hollow fiberglass-rein-
forced composites revealed that hollow fiberglass composite 
has a lower impact relative to the talc-reinforced composites 
for automobiles, because of the reduced fuel consumption, 
especially during the use phase, and mitigates environmen-
tal impacts (Delogu et al. 2016). Bagasse-reinforced PP 
composite has better environmental impacts compared with 
talc-reinforced PP composite because bagasse-reinforced PP 
composite not only produces lightweight components for 
an equivalent performance but also captures carbon during 
biomass cultivation through the photosynthesis (Luz et al. 
2010; Bartocci et al. 2016). The use of biocomposites in the 
automobile industry noted to be environmentally beneficial 
compared with conventional composites (Boland et al. 2014; 
Akhshik et al. 2017; Roy et al. 2019). However, the hydro-
philic nature of biofibers restricts their extensive application 
as a reinforcement material in plastics (Fogorasi and Barbu 
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2017; Väisänen et al. 2017). On the other hand, biochar is 
hydrophobic (Kambo and Dutta 2014), which can be used 
as a filler material to produce biocomposite (Väisänen et al. 
2017; Wang et al. 2018). LCA is a methodology that can 
be used to evaluate environmental impacts of a product, 
process or activity throughout their life cycle, which has 
also been applied in automotive industries to study the envi-
ronmental impacts of automotive components (Subic et al. 
2010; Boland et al. 2016; Delogu et al. 2016; Beigbeder 
et al. 2019). Therefore, this study evaluates the life cycle of 
an automotive by using LCA methodology and compares 
the environmental impacts of Miscanthus biochar- and talc-
reinforced PP composites for automotive applications to 
determine its environmental performance.

Methodology

In this paper, the LCA method, as defined by ISO (Inter-
national Standard Organization) 14,040 and 14,044 (ISO 
2006), is adopted. To model the life cycle of the composites, 
data from both literature and the ecoinvent database (v3) 
were used. In particular, the data for talc, Miscanthus, and 
PP were extracted from the ecoinvent database. In addition, 
some of the Ecoinvent unit processes have been modified 
to incorporate Canadian data such as electricity. For the 
life-cycle impact assessment, the TRACI v2.1 is applied. 
Based on this model, the midpoint impact indicators [pho-
tochemical oxidation (Smog), acidification potential (AP), 
global warming potential (GWP), eutrophication potential 
(EP), ozone depletion potential (ODP), ecotoxicity (ECT), 

respiratory effects potential (REP), and fossil fuel depletion 
(FFD)] are analyzed.

Goal and scope

This study aims to compare and analyze the environmen-
tal performance of Miscanthus biochar-reinforced poly-
propylene (MB–PP) and talc-reinforced polypropylene 
(talc–PP) composites for automotive parts and determine 
whether the replacement of the later with the former com-
posite is advantageous from an environmental perspective. 
The key environmental parameters were also analyzed to 
identify unit processes where significant improvement can 
be made. The scope of the study includes MB production, 
talc production, transportation, use of composites in auto-
motive parts, and disposal stage. The functional unit of this 
paper is an automotive component that requires 982 cm3 
of composite material (Boland et al. 2014). The material 
composition was assumed to be 70% matrix (PP) and 30% 
filler for both talc–PP and MB–PP composites, which pro-
vide similar functional properties (see supporting informa-
tion Table S-1). The 30% talc-reinforced composite had a 
mass of 1.1 kg based on the density of talc and PP. On the 
other hand, the 30% MB-reinforced composite had a mass 
of 0.982 kg (see supporting information S-1).

System boundary and assumptions

A generic system boundary outlines the stages and processes 
that are included in this study for the life-cycle assessment 
of MB–PP and talc–PP composites (Fig. 1). The bound-
ary includes Miscanthus cultivation, MB production, talc 

Fig. 1  System boundaries for the life-cycle assessment of MB–PP and talc–PP composites
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production (mining and processing), PP production, com-
posite manufacturing, transport of required inputs, use 
phase, and end-of-life (EOL) phase. The transportation 
distance was determined through generalized assump-
tions using Google map. It was assumed that the composite 
manufacturing plant is located in Guelph, Ontario, Canada, 
and MB production plant is located in New Energy farms, 
Leamington, ON, Canada. The composite production site is 
50 km away from the pyrolysis plant. PP is obtained from 
Pinnacle polymers (Garyville, LA, USA) and transported 
to Canada (Wang et al. 2018). The PP raw material supplier 
and the composite manufacturing plant are 1960 km away. 
The distance between the talc supplier and the composite 
manufacturing site is 165 km (talc is assumed to be sup-
plied by Imerys Talc Canada). The disposal transportation 
to both the landfill (Twin Creeks Landfill in Watford, ON) 
and incineration (Clarington, ON) sites was 100 km. Sev-
eral authors have studied the life cycle and interior automo-
tive component and the life span assumed to be same with 
the life cycle of vehicle (Boland et al. 2014, 2016; Delogu 
et al. 2016). Consequently, the lifetime of a typical pas-
senger vehicle (i.e., the life cycle of an interior automotive 
component produced from biocomposites) is assumed to be 
193,200 km (Boland et al. 2014).

Filler (Miscanthus biochar and talc) and matrix (PP) 
materials production

Miscanthus grass is cultivated at New Energy Farms in 
Leamington, ON, Canada, which was used to produce Mis-
canthus biochar (Behazin et al. 2017). The Miscanthus grass 
(moisture content, 10%) chopped to 1- to 3-mm particle 
size and processed by slow pyrolysis in an oxygen-deprived 
environment at 450 °C (Wang et al. 2018) and converted 
into biochar, bio-oil, and a syngas. The yield (mass) of bio-
char, bio-oil, and syngas was assumed 35%, 35%, and 30%, 
respectively (Jahirul et al. 2012). The energy consumption 
in the grinding process was considered to be 30 kWh per ton 
(Wright et al. 2010). The transport distance from the field to 
the pyrolysis plant gate was assumed to be 20 km. Although 
ISO suggested to avoid allocation, it allows allocation based 
on the physical relationship (ISO 2006), which are widely 
used in LCA studies (Guinée et al. 2004; Jungbluth et al. 
2005; Han et al. 2011, 2013; Peters et al. 2015; Wang et al. 
2015). Therefore, the inputs and outputs are allocated among 
the pyrolysis products based on their yield (biochar: 35%; 
bio-oil: 35%, and syngas: 30%). The global warming poten-
tial (GWP) of biochar, bio-oil, and syngas are reported to 
be 117.6 kg  CO2 eq/t, 117.6 kg  CO2 eq/t, and 100.8 kg  CO2 
eq/t, respectively (Tadele et al. 2019). Talc, a common rein-
forcement in polypropylene and polyolefins, is used in the 
melting processing for automotive applications (Kong 2011). 
The talc production process includes mining, processing, 

packaging, and shipping. The LCI data used for 1 kg of talc 
production were collected from the literature (supporting 
information Table S-3) (Badino et al. 1995). The polymeri-
zation of propylene is the popular method used to produce 
PP resin through propylene steam cracking from naphtha 
and natural gas (Europe 2005). The inventory data for the 
production of PP were retrieved from the ecoinvent database.

Composite manufacturing and use phase

The composites were produced by extrusion and injection 
molding at 185 °C and 2 min’ residence time with an average 
pressure of 10 bar (Wang et al. 2018). This study assumes 
that MB–PP composite consists of 70% PP and 30% MB 
by weight, which has similar functionalities with talc–PP 
composite having similar weight percentage composition 
(Moussa 2014; Wang et al. 2018). The energy consump-
tion in the manufacturing processes was collected from 
the literature (Hervy et al. 2015; Delogu et al. 2016). The 
mass-induced fuel consumption during the operation phase 
of MB–PP and talc–PP composites in the automotive com-
ponent were determined with a published methodology (Kim 
and Wallington 2013). The life-cycle fuel consumption is 
estimated by using the following equation (Eq. 1) (Kim 
and Wallington 2013). The life-cycle fuel consumption for 
talc–PP and MB–PP was calculated to be 7.44 L and 6.64 
L, respectively.

where m = mass of composite, L = fuel consumption in liter, 
and T = the life-cycle transportation distance; 0.35 = specific 
fuel consumption, i.e., 0.35 L fuel is consumed by 100 kg 
of mass for 100 km.

End of life

Landfill is the most common disposal option (97%) of solid 
waste in Canada (Giroux and Consulting 2014) and ends up 
emitting GHGs; however, incineration is noted to be bet-
ter option compared to landfill in terms of environmental 
impacts (Leme et al. 2014), which has also been used due 
to waste reduction opportunity and energy recovery (Gir-
oux and Consulting 2014). Therefore, the composites are 
assumed to be sent to the landfill (40%) and incineration 
(60%) (with energy recovery) after the operation phase 
(Vidal et al. 2009; Hervy et al. 2015). The EOL scenarios 
were modeled based on European average waste incinera-
tion of wood products and landfills of biodegradable waste 
disposal processes. The incineration of MB was assumed 
to be equivalent to “waste incineration of the biodegrad-
able waste fraction” in municipal solid waste (MSW). On 
the other hand, incineration of PP and talc was modeled 

(1)Fuel use (L) = 0.35L∕(100 km ∗ 100 kg) ∗ m ∗ T
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as “waste incineration of plastics” and “waste incinera-
tion of glass, respectively. The landfill of MB, PP, and talc 
was assumed to be equivalent to “landfill of wood products 
(particle board)”, “landfill of plastic waste,” and “landfill of 
glass,” respectively.

Life‑cycle inventory

The life-cycle inventory (LCI) identifies and quantifies mate-
rial and energy flow, emissions to air and water, as well 
as waste generation during the entire life cycle (Corbière-
Nicollier et al. 2001; Akhshik et al. 2017). In this work, the 
LCI data for material production, composite manufacturing, 
energy generation, transportation, use phase, and EOL phase 
of the composites were collected either from literature or 
extracted from the database. Table 1 shows the data and their 
sources that were used in this study. 

Life‑cycle impact assessment

The model for unit processes was developed and integrated 
to determine the environmental impacts of the life cycle of 
composites. The TRACI applicable to North America was 
used to determine the impacts (Bare 2011). The models for 
the major unit processes are reported in the supporting infor-
mation (Tables S-4 to S-10).

Results and discussion

The environmental impacts of the automotive components 
are found to be depended on the type of composites. The 
automotive component from the talc–PP composite shows 
higher impacts across all categories compared with the 
MB–PP composite (Table 2), mainly because of energy-
saving during the use phase because of weight reduction 
(MB–PP composite: 0.982 kg; talc–PP composite: 1.09 kg). 
Fuel consumption during the use phase of components 
from talc–PP and MB–PP composites is 7.44 L and 6.64 
L, respectively. The GWP of the life cycle of the compo-
nents from MB–PP and talc–PP composites is found to be 
23.7 kg CO2eq and 29.6 kg CO2eq, respectively. These 
impacts become 1.23E−04 kg CO2eq and 1.54E−04 kg 
CO2eq per km of the life cycle of the automotive compo-
nents, respectively. Consequently, replacing talc–PP with 
MB–PP composite resulted in a fuel savings during use 
phase and reduced the ozone depletion potential (ODP), 
global warming potential (GWP), photochemical oxidation 
(smog), acidification potential (AP), eutrophication poten-
tial (EP), respiratory effects (REP), ecotoxicity (ECT), 
and fossil fuel depletion (FFD) by 26.8%, 25.1%, 25.2%, 
25.1%, 22.1%, 25.0%, 35.1%, and 25.3%, respectively. Thus, 
MB–PP composite has advantages in all impact categories 
considered in this study compared with talc–PP composite 

Table 1  Summary of data 
sources of this study

Process/parameters Data Sources

Chopped Miscanthus – Ecoinvent database
Grinding 30 kWhe/t Wright et al. (2010)
Pyrolysis process energy 7510 MJ/t Brassard et al. (2018)
Pyrolysis unit (Supporting information Table S-2) Peters et al. (2015)
Talc (Supporting information Table S-3) Badino et al. (1995)
Polypropylene – Ecoinvent database
Transportation Estimated Author-defined
Composite manufacturing 0.76 kWhe/FU Delogu et al. (2016)
Use phase (energy consumption) Calculated Author-defined
Disposal – Ecoinvent database

Table 2  Life-cycle 
environmental impacts of 
MB–PP composite compared to 
talc–PP composites

Impact category Unit Talc–PP composite MB–PP composite Change (%)

GWP kg CO2eq. 29.69 23.74 − 25.06
ODP kg CFC-11eq. 9.35E−07 7.37E−07 − 26.86
Smog kg O3eq. 5.50 4.39 − 25.28
AP kg SO2eq. 0.17 0.14 − 21.42
EP kg Neq. 0.014 0.012 − 16.66
REP kg PM2.5eq. 0.013 0.0109 − 19.26
ECT CTUe. 2.59 1.92 − 34.89
FFD MJ surplus. 62.08 49.54 − 25.31
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for automotive parts. This result is in line with other LCA 
studies that compared the biocomposites with petroleum-
based composite in the automotive industry and found that 
cellulose–PP (CL–PP) was 20.7% better with global warm-
ing, but affected by the source of cellulose. However, bio-
based composites often have higher eutrophication because 
of cultivation activities, which vary substantially on mate-
rials preference. Consequently, the improvement of those 
practices could increase the sustainability of its use (Boland 
et al. 2014). Another study compared glass fiber–PP, kenaf 
fiber–PP, and CL–PP composites from cradle to grave and 
found that CL–PP reduced GHG emissions by 18.6% with 
resizing of the vehicle powertrain and 16.3% without resiz-
ing and that the kenaf fiber–PP reduced GHG emissions by 
10.7%, with resizing (or 9.2% without resizing) compared 
to glass fiber–PP composite (Boland et al. 2016). Moussa 
(2014) has studied switch grass polybutylene succinate 
(SG–PBS) and also found lesser impacts compared to glass 
fiber–PP composite in most categories. The biocomposites 
are also reported to be a better alternative compared to con-
ventional composite due to the amount of  (CO2) absorbed 
during the growth of biomass by photosynthesis (Narayan 
2011). It is also widely reported that energy use and GWP 
can be reduced; however, acidification and eutrophication 
were common problems due to agricultural practices, as well 

as the energy and chemical treatment needed to manufacture 
the composite (Boland et al. 2014; Luz et al. 2010; Snowdon 
et al. 2017). In this study, the data from the literature and 
ecoinvent database were used; thus, for a more robust result, 
the application of primary data is desired.

Contribution analysis of different phases 
of the component from composites (MB–PP 
and talc–PP)

The contribution of different phases of the life cycle of auto-
motive components is widely varied. The use phase has the 
highest contribution to both the components followed by 
manufacturing and the EOL phase (Fig. 2). The use phase 
of MB–PP composite has the highest contribution to GWP 
(85.2%), smog (97.5%), AP (95.7%), EP (66.8%), REP 
(92.5%) and FFD (82.6%) followed by the manufacturing 
and EOL phase. However, the manufacturing phase takes 
a large environmental responsibility in ODP (105.6%) and 
ECT (62.3%), followed by the use phase and EOL. Impact 
associated with the EOL phase of MB–PP composite is 
marginal (except for GWP (1.9%)); however, the environ-
mental benefit was observed in the case of ODP, smog, AP, 
REP, and FFD which might be because of the benefit of 
energy recovery from the EOL phase. While examining the 

Fig. 2  The contribution of manufacturing, use and end-of-life phase in the life cycle of MB–PP composite
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manufacturing phase of the talc–PP composite, similar trend 
of the contribution of the various processes was observed. 
The largest impact was found across GWP (85.5%), smog 
(97.6%), AP (95.9%), EP (68.7%), and RE (92.8%) for the 
use phase. The manufacturing phase of talc–PP composite 
has a major contribution to ODP (105.5%) and ECT (64.9%). 
Impact associated with EOL phase for the talc–PP composite 
was the least among the life-cycle stages (GWP: 1.7% and 
ECT: 0.3%) (Fig. 3). Similar to the EOL phase of MB–PP 
composite, environmental benefit was observed for other 
categories.

The contribution of each unit process 
(manufacturing, use and EOL phase)

The type of materials and their composition in an automo-
tive component influences the life-cycle impacts of the 
component. The material composition of components from 
MB–PP and talc–PP composites is 30% MB and 70% PP 
and 30% talc and 70% PP, respectively, and thus affects the 
life-cycle environmental impacts of automotive components. 
In the manufacturing process of MB–PP composite, the PP 
production and injection molding processes were the major 
contributors across all impact categories. The PP produc-
tion process contributed a severe environmental impact to 
FFD (72.7%) followed by GWP (43.5%), smog (41.5%), 
AP (38.5%), REP (27.8%), ECT (12.6%), and EP (1.5%), 
respectively. Several studies also noted that the environ-
mental impacts of an automotive component depend on 
the material composition in the component because of the 
variation in the environmental impacts of each material 
(Barth and Carus 2015; Boland et al. 2016; Molins et al. 
2018). For example, replacement polylactic acid (PLA) 

with chicken feather reduced the environmental impacts of 
an automotive component because PLA contributes 99% 
to the life cycle of biocomposite (Molins et al. 2018). The 
contribution of the injection molding process to ODP, EP, 
ECT, REP, GWP, smog, and FFD was found to be 91.0%, 
61.5%, 51.2%, 41.9%, 37.9%, 27.4%, and 20.0%, respec-
tively. However, the contribution of other processes such 
as extrusion, transportation, MB, and electricity is the mar-
ginal (Fig. 4). The talc–PP composite manufacturing pro-
cess also showed that the injection molding process takes 
a large burden of ODP (90.6%), EP (62.7%), ECT (51.8%), 
REP (41.2%), smog (38.2%), AP (35.5%), GWP (28.7%), 
and FFD (20.3%). The PP production is the second con-
tributor to FFD, GWP, smog, AP, REP, ECT, and ODP, 
which accounted for 73.1%, 43.9%, 43.5%, 39.5%, 28.7%, 
12.3%, 4.7%, and 0.04%, respectively. Similar to the MB–PP 
composite, other processes had a lower contribution. The 
contribution of different sub-process of talc–PP composite 
manufacturing is reported in supporting information Table 
S-11. Consequently, it seems that the environmental impacts 
of an automotive component can be reduced by selecting 
a material that is renewable and has lower environmental 
impacts or even reducing the use of the material that has 
higher environmental impacts.

The diesel used during the use phase of both MB–PP 
and talc–PP composites depicted the highest contribution, 
followed by transportation processes across all impact cat-
egories. In the case of talc–PP component, diesel use and 
transportation processes contributed 99.6% and 0.4% to 
GWP, respectively (supporting information Table S-12). 
On the other hand, diesel use and transportation contrib-
ute 95.4% and 4.5%, respectively, in the case of the com-
ponent produced from MB–PP composite (supporting 

Fig. 3  The contribution of 
manufacturing, use, and end-
of-life phase in the life cycle of 
talc–PP composite
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information Table S-13). This variation is resulted from 
the difference in fuel consumption during the use phase 
of components. The component from talc–PP compos-
ite consumed a higher amount of diesel compared with 
the MB–PP composite, which is induced by the mass of 
the components. The environmental impact of the EOL 
phase varies depending on the impact category. The waste 
incineration and landfill of PP had the largest impacts in 
GWP at 79.0% and 4.2% to EOL of MB–PP composite. 
However, MB landfill contributed 13.0% to GWP. The 
landfill of MB–PP showed worse than the talc–PP com-
posite in several categories. This is because talc–PP does 
not degrade, while the MB in the MB–PP degrades and 
resulted in GHG emission. Incineration of talc–PP com-
posite had the highest impacts in GWP, EP, and ECT, but it 
appears better than the MB–PP composite in other impact 
categories. Possibly, because of the inert nature of talc–PP, 
MB–PP can combust to form pollutants that have effects 
across several categories. The EOL of MB–PP showed 
slightly higher global warming potential, but comparable 
impacts were across other categories. The contribution of 
each sub-processes of MB–PP and the talc–PP composite 
EOL phase is reported in the supporting information (sup-
porting information Table S-14 and Table S-15).

Effect of transportation mode

The life-cycle environmental impacts of a product, pro-
cess, and activity also noted to be depended on the trans-
portation mode because of their fuel efficiency (Roy et al. 
2008; Jan et  al. 2013; Greenblatt and Shaheen 2015). 
For example, marine transport had lower environmental 
impacts compared to road transport (Roy et al. 2008). 
Similarly, this study also confirmed that transportation 
mode affects the environmental impacts of automotive 
components. The environmental impacts are found to be 
affected by the mode of transportation of composite mate-
rials (Fig. 5). Environmental burdens of the life cycle of 
talc–PP and MB–PP composites were 29.7 kg CO2eq and 
23.7 kg CO2eq, respectively, in the case of road trans-
portation. On the other hand, in the case of rail transpor-
tation, the life-cycle environmental impact of talc–PP 
and MB–PP composites was 26.4 kg CO2eq and 20.6 kg 
CO2eq, respectively. The results showed that rail transport 
is a favorable option compared with road transport which 
may be due to the better fuel efficiency of rail transport.

Fig. 4  The contribution of different unit processes in the MB–PP composite manufacturing process (MB Miscanthus biochar, PP polypropylene)
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The effect of transportation distance

The effect of transportation distance has been determined to 
investigate the environmental impact of MB–PP and talc–PP 
composites. In this case, only the GWP was considered for 
assessing environmental performance. The variation in 
GWP is calculated while transportation distance changed 
by ± 10%, ± 20%, and ± 30% for both MB–PP and talc–PP 
composites. The GWP varies with the transportation dis-
tance (Roy et al. 2008; Arrigoni et al. 2017). For example, 
the transportation distance of raw materials affects the life-
cycle environmental impacts of composite materials (Arri-
goni et al. 2017). Similarly, this study also confirms that 
the life-cycle environmental impacts of composite materials 
marginally depend on the transportation distance. The GWP 
varied from 29.5 to 29.8 CO2eq for talc–PP composite and 
whereas 23.7 to 23.8 kg CO2eq for MB–PP composite. This 
result reveals that transportation and has a marginal effect on 
the life-cycle GWP of the components (Fig. 6).

Limitations of this study

The results of an LCA study depend on the data qual-
ity, especially onsite and country-specific data, which are 
preferred. However, in this study some of the data are col-
lected from the literature and ecoinvent database. Although 
ecoinvent is a European database, it contains data of dif-
ferent regions and countries, including North America. In 
this study, Miscanthus cultivation, polypropylene, disposal 

data are collected from the ecoinvent database, which is 
not Canadian. On the other hand, pyrolysis process and 
the energy consumption in the manufacturing process, 
i.e., extrusion and molding, are taken from the literature 
in which fiberglass- and talc-reinforced composites were 
used, which may also vary if biomaterials are reinforced 
with the matrix material. In addition, the European dis-
posal scenario was adopted in this study. Therefore, LCA 

Fig. 5  Effect of transportation 
mode

Fig. 6  Effect of transportation distance on the life cycle of MB–PP 
and talc–PP composites (BL base line)
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results may slightly vary if the site-specific data can be 
obtained and used to determine the environmental impacts.

Conclusion

The results of this study indicate that MB–PP composite is 
a viable alternative to talc–PP composite to reduce environ-
mental impacts from the automotive parts mainly because 
of the weight reduction, resulting in fuel saving during the 
use phase. The manufacturing phase emerges as the main 
contributor in the life cycle of the composite, where PP and 
injection molding are the major contributors. Therefore, the 
type and material composition (i.e., the ratio of matrix and 
filler materials) had a major influence on the environmental 
performance of automotive parts produced with composite 
materials. In this study, the MB–PP composite is observed 
to be more environmentally friendly than the talc–PP com-
posite. Substitution of PP with lightweight biomaterials such 
as MB–PP would reduce the environmental impacts of the 
life cycle of the composite.
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