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•  Fast response emissions analyzers 
•  Engine emissions calibration projects 

Ø  8 x engine test beds 
Ø  1 x rolling road 

Cambustion summary 



Euro 4 gasoline engine-out & tailpipe [NO], accels 
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Stop/start analysis: Should I switch off or idle? 
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Euro 5 diesel passenger car – a stable idle…? 
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Idealised re-start emissions 

•  Here, we’re only considering NOx (don’t forget particles, CO, CO2, 
ammonia, HC etc etc) 

•  What do we mean by “idling”? It’s not necessarily a stable condition 
•  What do we mean by the re-start emissions? Ideally… 
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Worthwhile switch-off time calculation… 
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 𝑚 ↓𝑁𝑂𝑥  
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Re-start 

C = A-B where t is “Worthwhile switch-off time” 

t 



Actual typical (Euro 5 diesel) re-start emissions 

•  Here, we’re only considering NOx (don’t forget particles, CO2, 
ammonia, HC etc etc) 

•  What do we mean by “idling”? 
•  What do we mean by the re-start emissions? 
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 𝑚 ↓𝑁𝑂𝑥  

Time (s) 

Idle 
Re-start 

NOx level does not return to stable 
idle level because alternator is re-
charging the battery following start 



Trade-off between cumulative idle and restart spike 
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But at a different part of the drive, the same Euro 5 passenger car diesel:  idle = 
0.47mg/s; start = 14mg 
Therefore, start = 14 / 0.47 = 29.8s of idle 

Euro 6b (2016) passenger car diesel with automatic stop/start:  idle = 0.06mg/s; 
start = 0.19mg 
Therefore, start = 0.19 / 0.06 = 3.2s of idle (or 2.7s, 2.1s, 2.7s…) 

Euro 5 (2011) passenger car diesel: ~20s 



Euro 6d-TEMP Stop/Start – 1 minute stopped 

10 

No NOx at idle No NOx at restart 



Trade-off between cumulative idle and restart spike 
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But at a different part of the drive, the same Euro 5 passenger car diesel:  idle = 
0.47mg/s; start = 14mg 
Therefore, start = 14 / 0.47 = 29.8s of idle 

Euro 6b (2016) passenger car diesel with automatic stop/start:  idle = 
0.06mg/s; start = 0.19mg 
Therefore, start = 0.19 / 0.06 = 3.2s of idle (or 2.7s, 2.1s, 2.7s…) 

Euro 5 (2011) passenger car diesel: ~20s 

Euro 6d - TEMP (2019) passenger car diesel with automatic stop/start:  “ 
always switch off” …. but doesn’t! 



Exec summary idle vs switch off/restart 

•  Idle and warm start data gleaned from existing Cambustion RDE test 
data from non-confidential vehicles 

•  Older vehicles (Euro 5 and older) can have large re-start NOx emissions 
and often it is worse for local air quality to switch off instead of idling 
(unless you expect to be stopped for more than ~30 seconds) 

•  Idle is not necessarily a stable condition and is affected by restart 

•  Modern cars are often fitted with automatic stop/start and their start vs 
idle time is very short indeed (< 3s) – therefore almost always worth 
switching off instead of idling 

•  …but modern cars don’t generally deploy auto stop/start unless several 
factors are satisfied 

•  More work involving more vehicles is required to understand this better 
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Most modern diesel car emissions on London… 
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Exhaust (post-catalyst) sampling point 
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Fast gases measured near 
vehicle NOx sensor.  Exhaust 
temp 50mm downstream of 
aftertreatment 



Aftertreatment and emissions sampling 
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PNA SCR SDPF 

Urea (“Adblu”) injection 

muffler 

Vehicle’s NOx 
sensor 

Fast HC, NO, 
NO2, CO, CO2 

Engine Turbo 

FTIR 

To dilution tunnel and MEXA 
with ammonia -scrubbed NOx 

Stores NOx from cold start, then 
releases when system is warmer. 
Also converts some NO to NO2 

Urea decomposes to ammonia (NH3) 
which is stored on catalyst. This then  
reacts with NO2 and NO 

Traps soot (but needs “regenerating” 
approx. every 300km) and provides 
additional NOx reduction 



First rolling road tests 
 
 
 

Remember: legal NOx emissions limit is 80mg/km inflated by 
a conformity factor of 2.1 (168mg/km) which is currently 

being disputed 
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Initial chassis dynamometer tests (starting at 20km on odo) 
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Initial chassis dynamometer tests (starting at 20km on odo) 
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Emissions data from Horiba MEXA in dilution tunnel: NEDC > WLTP > RDE for NOx 
Generally, the harsher driving of the WLTP and RDE cycles yields hotter temperatures and therefore better 
aftertreatment performance than the NEDC. 
Even with the partial DPF regeneration in the 2nd NEDC, the vehicle produces very low NOx (but with a very new 
catalyst) 



London tests 
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TfL “West London Route” with Euro 6d diesel 
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Catalyst exhaust temperatures (deg C) 

Start/Finish at 
Brent Cross 



NOx tailpipe ppm comparisons 
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Instantaneous [NOx] (ppm) 



NOx tailpipe instantaneous g/km comparisons 
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Instantaneous NOx (g/km) 



Comparison with other vehicles 
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Euro 5 diesel, 937mg/km: 
no NOx catalyst 

Euro 6b PHEV petrol, 95mg/km 
– two 3-way catalysts 

Euro 6d-TEMP diesel, 
60mg/km – SCR 



Locations of significant NOx emissions (ppm) 
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Cold start and 
warm-up 

Speed bumps 

Theatre Royal 
Haymarket 

Regents Park Mosque 

Finchley Road 

Joining M1 
up-ramp 



Gram contributions from various sites 

25 

Finchley Rd 

Haymarket/Pall Mall 

Speed bumps 

M1 up-ramp 



Theatre Royal Haymarket 
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NOx “hot spot” pollution caused by West London speed bumps 



Speed bumps 
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Joining M1 Brent Cross uphill on-ramp [NO] (ppm) 
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Joining M1 Brent Cross up-ramp 
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Ammonia at M1 junction on-ramp 
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NOx sensor signal without NOx is ammonia ! 

~ 2g of NH3 



Contact details 
 

Dr. Mark Peckham 
Cambustion Ltd 

msp@cambustion.com 
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