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A3 Minimization of vehicular energy demand
Technologies & strategies to minimize non-propulsive energy demand of vehicles for improved 
efficiency

• Development of processing routes 
for high volume lightweight 
thermoplastic components with 
acceptable environmental impact & 
commercial competitiveness

• In A3, several routes are currently 
evaluated in technical terms:

• Thermoplastic RTM

• Thermoplastic C-RTM

• Hybrid coated yarns

• First assessment of environmental 
and economic impact of using these 
three routes.

• Collaboration with B2.2.1 
(environmental, cost, and risk 
assessment of future technologies, 
Christopher Mutel)
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How do composites compare?
Carbon fibre Glass fibre Steel Aluminium

Cost (€/kg) 10-30 (tow)

22 (NCF)

1.6 (tow)

3.2 (NCF)

0.6 2

CO2(kg/kg) 22.4 2.5 1.7 12.6

Energy (MJ/kg) 286 (186-360) 45.6 26.4 160

Specific Stiffness

E/ρ (GPa.cm3/g)
130-250 31 25 25

- Great properties, but high cost and 
production impact!

- Risk of leading to higher 
environmental impact, despite a 
lower weight!
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How do composites perform?
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Example of a case study for automotive 
application for “traditional composites”

Bulk head panel

• Effects of material substitution on life cycle costs/ environmental burdens, 
burden transfers

• 6 Materials: Steel, Magnesium, GMT, SMC, SRIM (carbon / glass fibre)

Materials 

Material Processing Component Weight 

(kg)

Weight

Reduction

Steel Stamping 5.8 Baseline

Magnesium (AZ91) Die-Casting 2.2 62%

SMC Press molding 2.5 57%

GMT Press molding 2.4 59%

Glass fibers/PU Reactive injection molding 2.3 60%

Carbon fibers/PU Reactive injection molding 1.8 69%

Witik et al., Composites: Part A 42 (2011)
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Life Cycle Cost
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A3: Melt Thermoplastic Resin Transfer Molding (mTP-RTM):
Direct impregnation of a reinforcing fabric 

with melt TP matrix in closed rigid mold

 Complex-shape parts in single stage

 No intermediate materials (e.g. Organo-sheets)

 Inclusion of functional features (e.g. Stiffeners)

Χ Long impregnation time 𝑡 ∝
𝜂

𝐾

𝜂 = resin viscosity

𝐾 = fabric permeability

Example of Carbon Fiber Reinforced Epoxy

automotive component produced via RTM

(‘Higher-Temperature Carbon Composites 

For Production Car Volumes’,

www.designnews.com, 19 March 2016)
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In-plane mTP-RTM
Investigate strategies to reduce impregnation time: preform architectures

Woven fabric

(≈ 46%)

Woven fabric

+ spacers

Non-crimp fabric

with large 

meso-channels

(≈ 46%)

Salvatori et al., Composites Part A 108 (2018)

𝐾 ≈ 10−10 m2

𝐾 ≈ 10−9 m2

𝐾 ≈ 10−8 m2

8



Compression RTM (C-RTM): through-thickness

Impregnation time is reduced as the impregnated lenght is the part thickness, but issues of  

fabric transverse permeability and compression to reach best processing window, and need for 
a more complex mould
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Cost analysis: scenarios

4. C-RTM: HFPA6/G-WEAVE

1. RTM Reactive TS 2. Melt TP-RTM: HFPA6/G-PLY

3. Melt TP-RTM: 

HFPA6/G-WEAVE + spacer
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Cost analysis

Four process subunits (cells):

• Cutting

• Preforming

• RTM (Injection)

• Trimming

Production of a plate:

• Size: 200 x 270 x 5 mm

• Vf = 45.8%

• Low T = 160 °C

• High T = 280 °C
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RTM cell for different scenarii
RTM epoxy mTP-RTM: HFPA6/G-PLY

mTP-RTM: HFPA6/G-WEAVE+spacers C-RTM: HFPA6/G-WEAVE
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Cost analysis: Results

mTP-RTM (w/ spacers) and C-RTM comparable
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Cost: mTP-RTM vs. C-RTM

mTP-RTM: HFPA6/G-WEAVE + spacers C-RTM: HFPA6/G-WEAVE

Replace materials:

Glass (5 €/kg)  -> Carbon Fibers (15 €/kg) 

+

Polyamide 6 (3 €/kg) -> Polyphenylene Sulfide (12 €/kg)

10.4%

Material contribution to total cost

15%

26.8 -> 30.8 €/part

Total cost per part (@70k): 

24.5 -> 26.6 €/part
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Lab-processes - Life Cycle Analysis using

• Reason to perform 
LCA

• System boundaries

Goal and Scope Inventory Analysis

• Inputs (material, 
energy)

• Outputs (emissions, 
waste, pollutants)

Check data consistency, 

compare with other similar 

processes, sensitivity, etc.

Interpretation
Impact on human health, 

resource depletion and damage 

to ecosystems)

Assessment

Inventory AnalysisGoal and scope 

definition

Impact Assessment Interpretation

- LCA framework developed at PSI, uses Python/Javascript to conduct assessment: open source and flexible.

Cradle-to gate Lab data + Ecoinvent3 ReCiPe 2008 Industrial upscale?
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Industrial upscaling – Solvay’s C-RTM vs. 3-station splitting

 C-RTM is efficient: 13.6 min/part

VS

Splitting the 3 phases : preforming, heating/injection, 
cooling in 3 sub-stations to reduce cycle time  20 
min/part
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Preliminary results–C-RTM vs. 3-station splitting
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Conclusions and perspectives

 Melt TP-RTM can be a promising technique for high volume production of thermoplastic 

composite parts, if the preform architecture and the process are adapted to reach fast 

enough cycle times.

 Scale-up is in progress for C-RTM and in-plane RTM (patent pending)

 In-plane TP-RTM (complex shapes) and C-RTM (flatish shapes + 

overmolding) are complementary processes.

 Work is in progress to assess the LCA of these processes, and to 

include the other processes developed in the A3 capacity area in the 

analysis, using the framework developed at PSI.

in

Transverse impregnation
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