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The sustainability challenge 

ACARE FP2050 targets relative to a new aircraft in 2000 

Flightpath 2050  
Goals to take ACARE beyond 2020 

Private ï Rolls-Royce Proprietary Information 
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This drives ever more technologyé 

Lean Burn Combustion Systems 
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ÅTechnologies for future large turbofan engines 
ïDevelop and optimise lean burn combustion technology. 

ïValidate and verify the technology on rigs, ground engine and in 
flight. 

ïDevelop engine handling and operability with a staged lean burn 
combustion system. 

ïDeveloped controls capability and software 

ÅObjective 
ïTo deliver technologies to TRL6 with efficiency and effectiveness 

ÅSuccess criteria 
ïValidation of NOx targets 

ïDemonstration to support next commercial opportunities  

SAGE 6: Project scope & objectives 
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Data shared in accordance with the terms of the óSustainable and Green Engine (SAGE) ITD Consortium Agreement ï v9 dated December 10th 2014ô 
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SAGE 6: Partners (CfP calls) 
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Data shared in accordance with the terms of the óSustainable and Green Engine (SAGE) ITD Consortium Agreement ï v9 dated December 10th 2014ô 
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SAGE 6: Achievement of targets 
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Data shared in accordance with the terms of the óSustainable and Green Engine (SAGE) ITD Consortium Agreement ï v9 dated December 10th 2014ô 

Technology description 
TRL at 2016 

Target Current status 

Low Emissions Combustor 6 6 

Fuel Control System 6 5 

Staging Control Laws 6 5 

Noise Acoustic treatment 5 N/A 

Optimised combustor/turbine 
interface 

5 4 

Å EFE verified the combustion emissions capability. 

Å TRL 6 will be achieved with the whole engine ground and flight  testing planned in 
2017 - system integration and operability aspects of the system  
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SAGE 6: Reducing NOx emissions 
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Data shared in accordance with the terms of the óSustainable and Green Engine (SAGE) ITD Consortium Agreement ï v9 dated December 10th 2014ô 

Subsystem 

Environmental 
targets  

LTO 

NOx [%] CAEP6 

Lean burn system 
 

Target 40 

Current status <40* 

*Actual LTO CAEP6 level will vary based on engine cycle.  For 
example EFE results were equivalent to 37. 
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Å The EFE high temperature demonstrator operated 
at extreme conditions allowing emissions to be 
fully validated across the full range of future 
engine cycles. 

Å Testing showed NOx levels for Advance Engine of 
37% CAEP6 – 30-35% reduction to rich burn.  

Å In lean burn mode, the smoke emissions are 
virtually zero and in some cases, measured values 
are lower than ambient. 

SAGE 6: EFE Engine Validation Emissions 

nvPM measured in mains operation – 
lean burning mode 
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Data shared in accordance with the terms of the óSustainable and Green Engine (SAGE) ITD Consortium Agreement ï v9 dated December 10th 2014ô 
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SAGE 6: Delivering the technology 
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Data shared in accordance with the terms of the óSustainable and Green Engine (SAGE) ITD Consortium Agreement ï v9 dated December 10th 2014ô 

E3E Core (operability) ALECSYS (Trent engine) System 
Commissioning 

Manitoba (Icing) Flying Test Bed (In-flight 
Operability) 

Stennis (Noise) 

EFE (Emissions and 
high T performance) 

V V 
Qtr 4 2017 
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SAGE 6: Conclusions 

ÅEngine and rig testing has demonstrated emissions levels, ignition 
and relight capability meeting targets. 

ÅDeveloped controls software and hardware to enable full 
operability of the technology. 

ÅManufactured all new technology components and started build of 
the ALECSys demonstrator. 
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