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2-Stage Turbocharging

 Pressure ratios up to 12

 Turbocharging efficiencies 
over 75%

 With higher pressure ratios:
 Increase of TC

 Increase in pCyl

 More compact 2-stage system
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Advanced Variable Valve Trains

 Individual valve control 
 Closing time

 Opening time

 Lift height

 Steep closing flanks

 No increase of mechanical load

 Variation from cycle-to-cycle
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Medium-Speed Diesel (FPP, E3 cycle) 

1%pt gain = 18 €/kW fuel savings p.a.
(6’000 rhs/a @ 75% load, HFO price 450 €/t)
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1-stage TCing
Moderate Miller

Bmep = 25 – 27 bar
Pulse or BP & WG

Pressure 
ratio

 4.7 – 5.2





Bmep +2 bar


 5.2 – 5.8

2-stage TCing
Strong Miller



2 position VVT
Reduced overlap

 6.5 – 7.0

2-stage TCing
Extreme Miller
bmep +2 bar

Advanced VVT
Further reduced overlap

> 8.0

Potential consolidated based on simulations and test results



Gas (n=const, 100%) 
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Single-stage TCing
Moderate Miller
bmep 22 bar

 12
TV & WG

Pressure 
ratio

 4.0 – 4.5

 6.5 – 7.0

2-stage TCing
Strong Miller
bmep 24 bar



Advanced VVT

up to 10.0

2-stage TCing
Extreme Miller
bmep 26 bar

 16
Advanced VVT

 4.5 – 5.5



Strong Miller


 14
Advanced VVT

1%pt gain = 15 €/kW fuel savings p.a.
(8’000 rhs/a @ 100% load, LNG price 0.04 €/kWh)

Potential consolidated based on simulations and test results



Further Potentials 

 On engine integration, 
standardization and service 
friendly design

 Gas engines with Diesel-like 
flexibility

 Improved Diesel mode for DF 
engines

 Different operating modes

 …

Conventional valve train Advanced VVT

Integrated 2-stage turbocharging module


