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Abstract. The main objective of this study is to evaluate the life cycle environmental and economic performance of a car
multimedia chassis containing metallic parts, and compare it with new, totally plastic, chassis designs. The Life Cycle
Assessment and Life Cycle Costing methodologies were applied. All systems boundaries consider material and parts
production, and the use and End of Life (EoL) phases of the chassis. The results showed that the former system has a
higher environmental impact, the material production being the main contributor followed by the use phase, and Fossil
depletion the most burdensome impact category. All total plastic scenarios enable approximately 40% weight reduction,
mitigating both the Global Warming Potential and the Cumulative Energy Demand environmental impacts until the end of
the use phase. However, this result is inverted including the EoL phase, as recycling the metal is more favourable than
incinerating the polymer and recovering energy. All TPC scenarios present a higher cost. Although their assembly and use
phases costs are lower than the corresponding BSL ones, this does not mitigate the higher material and production costs.
Again, at EoL, recycling the metal is more cost favourable. The present work evidences that to make sustainable decisions
environmental and economic considerations should be concurrently contemplated in product development.

Keywords: Life Cycle Assessment; economic analysis; plastic car chassis; sustainability; automotive parts; design for
environment
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INTRODUCTION

Together with safety and performance, environmental impact reduction and cost containment throughout the
complete life cycle (LC) of a vehicle are the major issues for today's automotive industry. Consequently, decisions
on product development must involve technological requirements as well as economic and environmental
considerations [1]-[4]. Such considerations should be assisted by adequate LC thinking-based tools, such as Life
Cycle Assessment (LCA) [5], [6] and Life Cycle Costing (LCC) [7], [8].

In this context, the main objective of this study, continuing a research programme focussed on the same subject,
is to evaluate the LC environmental and economic performance of a car multimedia chassis containing metallic parts
(thereafter called “BSL”), and compare it with new, totally plastic, chassis designs (thereafter called “TPC”).

The present work focuses on how Life Cycle Thinking, LCA, and economic assessment methodologies can be
used to evaluate environmental and economic impacts of alternative production systems.

METHODOLOGY

The LCA study was done according to the ISO 14040 series procedures [5], [6] and the LCC study according to
the Ciroth et al. [7] and Swarr et al. guidelines [8]. The estimation of the polymer composite components production
cost was done via a Process Based Cost Model (PBCM) [9], [10].

LCA and LCC results

The target product of this study is a car multimedia chassis whose function is to protect the electrical/electronic
components that compose the car multimedia solution. Its main objective is to evaluate the LC environmental and
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economic performance of the selected car chassis that will constitute the baseline platform product, and compare it
with a new car multimedia chassis design (total plastic chassis). The functional unit is a car multimedia chassis unit,
which meets the mechanical, thermal and electrical requirements, as defined by the client, and has a service life of
200,000 km (maximum distance driven in the expected use life of a vehicle [11], [12]). All solutions under study
have the essential function of mechanically protecting the multimedia contents, while guaranteeing adequate thermal
and electromagnetic shielding. All systems boundaries consider material and parts production, and the use and end of
life (EoL) phases of the chassis.

The selected LC impact assessment (LCIA) method was the ReCipe Endpoint (H/A) [13]. The Energy
consumption, according to the Cumulative Energy Demand (CED) method [14], and the Global Warming Potential
(GWP) impact categories [14] were analysed. The goal and scope steps of the LCC study were consistent with those
of the LCA. Therefore, the functional unit, system boundary and other fundamental assumptions were the same.

The new car multimedia fully polymer chassis design (TPC) is still in development by the project team (Bosch,
UM, PIEP) and, thus, not yet in real production. Therefore, its LC characterization is not a final version, but rather a
first approach that will be updated in the future. Hence, the definition of the LC characterization of the TPC parts and
product require the formulation of some assumptions. In this study the first version, subsequently called TPCO1, will
be studied. Additionally, four scenarios were developed with four possible alternative materials.

All the systems have been modelled by means of the commercial ecoinvent database [15] and, whenever
possible, using field data from the companies involved in the study, which were ultimately summarized in the LC
inventory that was performed in SimaPro 8.04 [16]. Some data did not exist in the ecoinvent database and, hence,
their inventory was collected from other sources. The carbon fibres inventory data were collected from Schmidt and
Watson [17], and the glass fibres and waste treatment by incineration with energy recovery inventory data from the
European LC Database (ELCD) [18]. The car multimedia chassis EoL scenarios were modelled under the following
assumptions: (i) incineration, considering environmental credits due to energy recovery; and (ii) recycling,
considering that production of primary metal was avoided.

An environmental LCC was selected in the present work, which considers all direct costs of the different actors
intervening in the product LC. The system was modelled using market prices. In the LCC inventory the data
collected were adjusted, where appropriate, to Euros 2016.

Figure 1 a) compares the BSL and the 4 TPCO1 possible material scenarios, on a functional unit basis. The BSL
system has a higher impact in almost all environmental impact categories, except Climate change human health,
Climate change ecosystems and Terrestrial ecotoxicity. The TPCO1A system depicts the worse performance in these
impact categories, in the case of the latter, together with TPCO1C system. Considering the 4 TPCO1 possible material
scenarios, the TPCO1D system shows the best environmental performances in all impact categories. These results are
a consequence of the different environmental impacts of the various composites reinforcements. The carbon fibre has
the highest environmental impact of all the reinforcement materials, followed by the stainless steel and the glass
fibres. Graphite is the reinforcement that shows the smallest environmental impact.

The LCIA normalization results of the 5 systems are shown in Figure 1b), on a functional unit basis. The Fossil
depletion, Climate change human health and Climate change ecosystems impact categories are the most significant
environmental burdens of all systems. Fossil depletion is more significant for the BSL system, The two other
ecosystems are more significant for the TPCO1A and TPCO1C systems, respectively.
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FIGURE 1. LCIA a) characterization and b) normalization results of the BSL versus TPCO1 possible material scenarios, on a
functional unit basis.
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The single score results obtained (expressed in Eco-Indicator points (Pt)), on a functional unit basis, were 1.19 Pt,
1.13 Pt, 1.02 Pt, 1.12 Pt and 1.01 Pt, for the BSL, TPCO1A, TPCO01B, TPCO1C and TPCO1D, respectively. They are
relatively close, in any case they show that, all caveats considered, the TPCO1B/TPCO1D systems are
environmentally preferable (in circa of 15%).

Figure 2 a) shows the systems GWP characterization results, expressed as the differences between the BSL and
the four TPCO1 possible material scenarios, throughout their LC. These differences are presented (in the ordinate
axis) as a function of the several LC phases (in the abscissa axis), each phase being represented by a line segment.
All TPCO1 possible material scenarios mitigate the GWP environmental impacts until the use phase, since the results
have a negative value until that phase. The new concept designs (TPCO1) allow achieving approximately 40% weight
reduction, therefore enabling these results. These results are inverted, however, when the EoL phase is included. At
EoL, recycling the metal (steel and aluminium) is more favourable regarding GWP than incinerating with energy
recovery the composite, since an increase of this environmental impact category is observed (to overall positive
values).

Figure 2 b) shows the systems CED characterization results, expressed as the differences between the BSL and
the four TPCO1 possible material scenarios, throughout their LC. Again all TPCO1 possible material scenarios
mitigate CED until the use phase, since the results have a negative value until that phase. However, these results are,
once more, inverted when the EoL phase is included. The new concept designs (TPCO1) allow achieving
approximately 40% weight reduction, therefore enabling these results. It should be noted that the CED of the
material production in the new designs TPCO1A/TPCO1C was higher than in the BSL. This was due to the fact that
polymer matrix composites are produced through a more energy intensive (by unit weight) process than
steel/aluminium, and the weight reduction doesn't mitigate this energy increase. At the EoL phase it was again
observed that recycling the metal (steel and aluminium) is more favourable regarding CED than incinerating the
composite and recovering energy, since a significant increase of this environmental impact category is observed.
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FIGURE 2. Characterization a) GWP (CO2 eq. kg/unit) and b) CED (MJ/unit) results for the difference between the BSL and
the TPCO1 possible material scenarios (two series are hidden by the data of the others).

Figure 3 shows the systems cost results, expressed as the differences between the BSL and the TPCO1 possible
material scenarios, throughout their LC. Globally, the TPCO1 scenarios do not mitigate the cost impact, since their
cumulative differences along the LC have a final positive value. Although the assembly and use phases costs are
lower than in the BSL, this does not mitigate the higher material and production costs.

In conclusion, the new concept designs allow achieving approximately 40% weight reduction, but not cost
reduction, since the polymeric composite materials have a very high price. At EoL it is again observed that recycling
the metal (steel and aluminium) is more favourable regarding cost than incinerating the polymer composite and
recovering energy.
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FIGURE 3. Cost results (€/unit) for the difference between the BSL and the TPCO1 possible material scenarios.

CONCLUSIONS

In the present work it was concluded that the metallic chasis has the highest environmental impact of all the
systems considered, the material production being the main contributor, followed by the use phase. The
TPCO1B/TPCO1D system shows the best environmental performance (in circa of 15%), being, in this case, the use
phase the main contributor, followed by the material production. The Fossil depletion, Climate change human health
and Climate change ecosystems impact categories are the most significant environmental burdens in all systems.

All TPCO1 possible material scenarios, which enable approximately 40% weight reduction, mitigate the GWP
and CED environmental impacts until the use phase. However, these results are inverted when the EoL phase is
included in the assessment. It should be noted that the CED of the material production in the new designs was higher
than in the case of BSL. This is due to the fact that polymer matrix composites are produced through a more energy
intensive (by unit weight) process than steel/aluminium, and the weight reduction doesn't mitigate this energy
increase. At EoL, it was observed that recycling the metal (steel and aluminium) is more favourable regarding GWP
and CED than incinerating the polymer composite and recovering energy.

All TPCO1 possible material scenarios present a higher assembly cost. None of these scenarios mitigate the cost
impacts, since the results have a positive value. It was observed that the TPC0O1 assembly and use phases costs are
lower than the corresponding ones of the BSL. However this does not mitigate the higher material and production
costs. The new concept designs allow achieving approximately 40% weight reduction, which does not lead to a cost
reduction, since the polymeric composite materials have a very high price. Again, at EoL it was observed that
recycling the metal (steel and aluminium) is more favourable regarding cost than incinerating the polymer composite
and recovering energy.
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