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Evaluating the Environmental Benefits of 3D Printing Based Part
Production for Low-volume Automotive Applications
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3D printing is emerging as a promising solution for the automotive industry, as it offers economic advantages in small-
batch, high-variety production and mitigates climate impact by eliminating mold fabrication. This study compares the carbon-
emission reduction potential and economic feasibility of fused deposition modeling (FDM)—the most widely used polymer
3D printing process—with those of conventional injection molding at the actual component level. The analysis shows that
the environmental burden of mold manufacturing in injection molding is substantial, confirming the advantage of FDM in
low-volume production. Specifically, for production volumes below 645 units, FDM performs better in reducing carbon
emissions. These findings indicate that FDM can serve as a sustainable alternative for low-volume manufacturing in
automotive applications.
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Fig. 1 Selected part (Audio bracket for commercial vehicle)
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Fig. 3 Process flow diagram for FDM 3D printed part
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Fig. 4 Injection mold (Upper plate)
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Table 1 Power consumption allocation table for mold production

Category Value Unit
Quantity 457 ea
Total weight 1,895,832 Kg
Total power consumption 1,430,790 kWh
Power per kg 0.75 kWh/kg

Table 2 Energy consumption and carbon emissions from injection
mold production

Description Value Unit
Energy consumption per kg of mold 0.75 kWh/kg
Mold weight 379.1 kg
Mold production power consumption ~ 284.3 kWh
CEF of electricity 0.557 kgCO,eq/kWh
Carbon emissions from mold processing  158.4 kgCOyeq

Table 3 Material based carbon emissions from injection mold

production
Description Calculated value Unit
CEF of ZAS material 2.15 kgCOyeq/kg
CEF of S45C material 240 kgCOseq/kg
ZAS input quantity 291.4 kg
S45C input quantity 172.0 kg
Carbon emissions from ZAS 625.1 kgCO,eq/mold
Carbon emissions from S45C 412.8 kgCO,eq/mold
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Fig. 5 Injection molded part

Table 4 Calculation of the carbon emission from injection molded

parts
Catetory Description Value Unit
) CEF 3252 kgCO,eq/kg
Raw material
Input 135.14 g/pc
D Material carbon emission 0.439  kgCO,eq/pc
. . kWh
Material drying 11.10 (555 pes, 75 kg)
kWh

Injection molding  Injection molding  34.46 (555 pes, 75 kg)

Energy for molding 0.08

kWh/unit
(per pcs)
(@ Energy based carbon emisssion  0.046 kgCO,eq/pc
Subtotal (D+2) 0485  kgCO,eq/pc
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Fig. 6 3D printed part
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Table 5 Calculation of the carbon emission factor for 3D printing

Table 6 Calculation of carbon emissions from the 3D printing

filament process
Catetory Description Value Unit Process Retqulred Powert. Calctlllated Unit
CEF of PC material 3396  kgCO2eq/kg 1me consumption value
Filament production material 1087 kg material/kg Material drying 4 hr 359 W 0.014  kWh/pe
Raw materials input filament Prlntlr:g 19 min 153 W 0005  kWhipe
Carbon emissions from raw 3.691 kgCO,eq/kg preparation
material use ’ filament Printing process 9 hr 14 min 230 W 2.124  kWh/pc
Filament production energy kWh/2100 kg Total printing
(per 2100 kg of filament) 5,607 filament energy 2143 kWhpe
kWh/kg Process carbon kgCO,
Energy  Energy per 1 kg of filament 2.670 filament emissions 1.194 pc
Carbon emissions from 1.487 kgCO,eq/kg
filament production (per 1 kg) filament Table 7 Carbon emission calculation results for 3D printed parts
Raw material kgCO,eq/kg Category Description Value Unit
5.178
CEF filament
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