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Life Cycle Assessment
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Life Cycle Assessment (LCA) = systematic assessment of environmental impacts of a product, process, or 

service (associated with the entire life cycle) 
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TOPGEAR´s LCA Perspective 
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• Goal: LCA of traditional and alternative production route for automotive gears

• Approach: Cradle to Gate

• Out of Scope: Raw Materials, Use Phase, End of Life
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Process Chain – Steel Production
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LCA approach: Cradle to Gate

Database: Ecoinvent (ecoinvent v3.10 Cutoff Unit-

Processes 2024-06-19)

Impact Assessment Methode: ReCiPe 2016 v1.03, 

midpoint

April 2025 / Egger Marcel



LCA Results – Steel Production
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27MnCr5:

- Highest GWP 27MnCr5: Ladle Furnace & Heat Treatment

40CrMoBi4:

- Highest GWP 40CrMoBi4: Ladle Furnace & Hot Rolling

➔ GWP Comparison Steel Production:

~ 140 kgCO2eq / 1t steel less Emissions
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GWP - Steel Production - Process Steps

27MnCr5 42CrMoBi4

GWP - Steel Production
Processes 27MnCr5 40CrMoBi4 Unit %

Electric Arc Furnace 63,47 41,09 kg CO2eq - 35,26

Ladle Furnace 144,52 159,58 kg CO2eq + 10,43

Continuous Casting 8,69 8,69 kg CO2eq 0,00

Hot Rolling 132,74 132,74 kg CO2eq 0,00

Heat Treatment - Q&T 148,12 15,92 kg CO2eq - 89,25

Auxiliary Services 2,66 2,66 kg CO2eq + 0,01

Finishing 0,07 0,12 kg CO2eq + 62,98

Total 500,26 360,80 kg CO2eq - 27,88
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Process Chain – Machining
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LCA approach: Cradle to Gate

Database: Ecoinvent (ecoinvent v3.10 Cutoff Unit-Processes 

2024-06-19)

Impact Assessment Methode: ReCiPe 2016 v1.03, midpoint
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LCA Results – Machining
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GWP – Machining – 600 Gears
Impact Category 27MnCr5 42CrMoBi4 Unit %
01 - Sawing 2,964 3,705 kg CO2eq + 24,98
02 - Turning 129,22 161,47 kg CO2eq + 24,95
03 - Soft Machining I 730,55 487,27 kg CO2eq - 33,30
04 - Soft Machining II - 3771,56 kg CO2eq -
05 - Broaching 1,990 2,487 kg CO2eq + 24,97
06 - Reference Surface 1409,26 1409,26 kg CO2eq 0,00
07 - Hard Machining 3812,17 - kg CO2eq -
Total 6086,15 5835,75 kg CO2eq - 4,11
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27MnCr5:

- Highest GWP 27MnCr5: Hard Machining

40CrMoBi4:

- Highest GWP 40CrMoBi4: Soft Machining II
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LCA Results – Machining
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27MnCr5:

- For 600 Gears

40CrMoBi4:

- For 600 Gears
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GWP - Machining - Total

Total 6086,15 5835,75 kg CO2eq - 4,11

GWP – Machining – 600 Gears
Impact Category 27MnCr5 42CrMoBi4 Unit %

➔ GWP Comparison Machining:

~ 250 kgCO2eq
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Process Chain – Surface Hardening
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LCA approach: Cradle to Gate

Database: Ecoinvent (ecoinvent v3.10 Cutoff Unit-Processes 

2024-06-19)

Impact Assessment Methode: ReCiPe 2016 v1.03, midpoint



LCA Results – Surface Hardening
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27MnCr5:

- Heat Treatment (400 gears)

40CrMoBi4:

- Nitriding (1540 gears)
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Limitations:

- Comparison

- Charge ALD max. ~ 400 gears

- Charge External max. ~ 1540 gears

- Gearbox has different gear sizes

➔ GWP Comparison Surface Hardening:

~ 85 kgCO2eq less Emissions for 600 gears

GWP - Surface Hardening – 1 Batch
Process 27MnCr5 40CrMoBi4 Unit
Heat Treatment - Nitriding 115 226 kg CO2eq

GWP - Surface Hardening – 1 Gear
Process 27MnCr5 40CrMoBi4 Unit
Heat Treatment - Nitriding 0,2875 0,146 kg CO2eq
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LCA Results – Surface Hardening
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27MnCr5:

- Heat Treatment (400 gears) Contribution Tree - GWP

Process 27MnCr5 Unit Contribution

Electricity 105,33 kg CO2eq 91,60%

Nitrogen 8,89 kg CO2eq 7,73%

Acetylen 0,77 kg CO2eq 0,67%

Total 114, 99 kg CO2eq 100%



LCA Results – Surface Hardening
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40CrMoBi4:

- Nitriding (1540 gears) Contribution Tree - GWP

Process 40CrMoBi4 Unit Contribution

Electricity 164,21 kg CO2eq 72,72%

Nitrogen 55,79 kg CO2eq 24,71%

Ammonia 5,82 kg CO2eq 2,58%

Total 225,83 kg CO2eq 100%



Energy Comparison
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➔Energy comparison between the partner countries

➔Spain has the lowest GWP, Germany the highest

April 2025 / Egger Marcel

GWP - Energy Comparison Countries - Steel Production

Impact Category 27MnCr5 40CrMoBi4 Unit

Austria 383 424 kg CO2eq

Spain 337 374 kg CO2eq

Italy 640 709 kg CO2eq

Germany 765 849 kg CO2eq

GWP - Energy Comparison Countries - Machining

Impact Category 27MnCr5 40CrMoBi4 Unit

Austria 3113 2985 kg CO2eq

Spain 2819 2703 kg CO2eq

Italy 5149 4938 kg CO2eq

Germany 6086 5836 kg CO2eq

0

1000

2000

3000

4000

5000

6000

7000

Austria Spain Italy Germany

k
g
C

O
2

e
q

Energy Comparison - Machining

27MnCr5 40CrMoBi4

0

100

200

300

400

500

600

700

800

900

Austria Spain Italy Germany

k
g
C

O
2

e
q

Energy Comparison - Steel Production

27MnCr5 40CrMoBi4



Energy Comparison
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➔Energy comparison between the partner countries

➔Spain has the lowest GWP, Germany the highest
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GWP - Energy Comparison Countries - Surface Hardening

Impact Category 27MnCr5 40CrMoBi4 Unit

Austria 54 84 kg CO2eq

Spain 49 76 kg CO2eq

Italy 89 139 kg CO2eq

Germany 105 164 kg CO2eq
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Conclusion
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➔ GWP Comparison Steel Production:

~ 40CrMoBi 140 kgCO2eq / 1t steel less Emissions than 27MnCr5

- 27% reduction

➔ GWP Comparison Machining:

~ 40CrMoBi 250 kgCO2eq / 600 gears less Emissions than 27MnCr5

- 4% reduction

➔ GWP Comparison Surface Hardening:

~ 40CrMoBi 84,9 kgCO2eq / 600 gears less Emissions than 27MnCr5

- 49% reduction (limitation)

➔ Energy Comparison:

Spain has the lowest GWP, followed by Austria and Italy, Germany the 

highest
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www.topgear-project.eu

This project has received funding from the Research Fund 

for Coal and Steel under grant agreement No 101033989


	Folie 1: Life Cycle Assessment - Results  Marcel Egger (i2m) 
	Folie 2: Life Cycle Assessment
	Folie 3: TOPGEAR´s LCA Perspective 
	Folie 4: Process Chain – Steel Production
	Folie 5: LCA Results – Steel Production
	Folie 6: Process Chain – Machining
	Folie 7: LCA Results – Machining
	Folie 8: LCA Results – Machining
	Folie 9: Process Chain – Surface Hardening
	Folie 10: LCA Results – Surface Hardening
	Folie 12: LCA Results – Surface Hardening
	Folie 13: LCA Results – Surface Hardening
	Folie 14: Energy Comparison
	Folie 15: Energy Comparison
	Folie 16: Conclusion
	Folie 17

