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Project Motivation

• Project relates to research area of environmental 
impact assessment of vehicles.

• We are investing the impact of cold climates on 
vehicle exhaust emissions, specifically we are 
measuring engine cold start emissions of criteria 
air pollutants and air toxic compounds.

• Vehicle emissions models (i.e. US EPA’s Motor 
Vehicle Emissions Simulator [MOVES]) suggest 
that in cold climates the majority of pollutant 
mass emitted by vehicles occurs during engine 
cold starts and not when the vehicle is moving 
along the road. 
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• People living in colder climates are potentially exposed to 
significantly higher concentrations of air toxics than in 
warmer climates because of enhanced cold start and 
idling emissions and lower pollution dispersion rates.   

• Vehicle emissions data for cold climates is sparse and the 
accuracy of vehicle emissions model parameterizations 
for air toxics in cold climates is not known. 

• Exposure to vehicle exhaust emissions is a major cause of 
cardiovascular disease and a cancer risk factor (HEI, 2010).  
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Project Motivation : Field Observations Yakima, WA 
Wintertime source apportionment

• ERw =wood combustion
molar emission ratio P / CH3CN

• ERFF =fossil fuel combustion 
molar emission ratio P / NOx

P =ERw*[CH3CN]  + ERFF*[NOx]
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Comparison of Yakima data to On-Road Emissions Inventory

Compare ERFF to Motor Vehicle Emissions Simulator 
(MOVES)  predicted emissions

ERFF MOVES Diesel Gasoline
CO / NOx 12.2 10.5 0.32 15.8
BC / NOx 0.029 0.040 0.082 0.019

HCHO / NOx 0.053 0.0074 0.0063 0.0080
CH3CHO / NOx 0.034 0.0054 0.0019 0.0072
Benzene / NOx 0.018 0.0073 0.0002 0.012
Toluene / NOx 0.039 0.019 0.0002 0.029

Aldehyde emission ratios underestimated by a factor of 6-7
Aromatic emission ratios underestimated by a factor of ~2
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• Catalyst exhaust after-treatment

After-treatment systems do not function properly 
during the first 20–100 s of engine operation 
following a cold start

• At low ambient temperatures it takes longer to warm up

Full warm-up for a small engine vehicle started at -7 oC
takes around 18 min (Bielaczyc, 2011)

Working temperature

Engine

Catalyst

110 oC

200 oC

Cold Start Emissions

Cold start means the 
vehicle was started with 
a cold engine and cold 
emission control 
equipment (12 hrs cool 
down time). 
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• Chassis dynamometer 
testing as part of mpg and 
emissions verification

FTP-75 (UDDS)

• Calculation: bag method

• Most tests at 75 and 20 °F

How does EPA measure cold start emissions

Cold start emissions = bag 1 – bag 3

Grab sample into Teflon bags
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MOVES 2010
Enhancement of cold start emissions compared to 75 °F

Only small impact on NOx 
emissions.

Total hydrocarbon 
emissions are very 
temperature dependent –
no chemical speciation.

CO displays significant 
increase with colder 
temperatures.

Parametrizations for 1990-2005 model years
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(Weilenmann et al., 2009)

Cold start emissions for European vehicles

“At -20 C, cold start emissions of 
hydrocarbons emits the same 
mass as driving 5000 km.”

Cold start emissions are 
becomingly increasingly 
important to the overall 
vehicle emissions inventory.
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WSU Cold Start Emissions Testing

Use Mobile Atmospheric 
Chemistry Lab and old storage 
building (unheated).

Continuously measure from tail 
pipe using high time resolution 
instrumentation.
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Exhaust sampling schematic

Sample diluted exhaust
Dilution factor ~ 50 to 100

Instrumented trailer
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Measurements January-March, 2015

CO – vacuum UV fluorescence (response time < 1 sec), DL ~ 1 ppbv

Hydrocarbons – proton transfer reaction mass spectrometry (PTR-MS)
measure formaldehyde, acetaldehyde, benzene, toluene, xylenes, ...
continuous real time VOC analyzer
response time < 1 sec, 50 pptv detection limits

NOx – TECO 42C chemiluminescence analyzer, response time 10 sec  (slow)

CO2 – LiCor 840A, NDIR absorption, response time < 1 sec

Temperature – tailpipe exhaust, catalytic converter, engine.
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Make Model Year
Engine 

size (L)
Tier

Emission factor (g/mi)

10 Years / 100,000 Miles Cold start 

CO

CO NOx PM HCHO (50,000 

miles)

Ford Mustang 1995 5 1 4.2 0.6 0.1 - -

Honda Civic 1996 1.6 1 4.2 0.6 0.1 - -

Pontiac Vibe 2004 1.6 2 4.2 0.07 0.01 0.018 10 (@-7 oC)

Subaru Forester 2015 2.5 2 4.2 0.07 0.01 0.018 10 (@-7 oC)

Test Vehicles: January- March, 2014

18 tests conducted, most on Pontiac Vibe (8) and Forester (5)

14



Cold start phase lasts 
about 60 seconds for 
the Forrester

CO Emissions from
Subaru Forester
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H3O+ + R  RH+ + H2O

Measured selected ions to keep 
measurement rate fast:
HCHO
CH3CHO
Benzene
Toluene
Xylenes
Naphthalene
m47 (ethanol)
m43 (propene + ...)

We also attempted to collect air 
samples into Teflon bags for 
analysis by GC-MS

VOCs measured by PTR-MS

Detection principle
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Formaldehyde data 
out of step with 
other VOCs.  
Suggests sampling 
problem.

Cold start

Engine idle
stabilized emissionsZero

air

Pontiac Vibe cold start VOC emissions
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1996 Ford Mustang GT

15 minutes to stabilize 1 minute to stabilize

2015 Subaru Forester

Significant differences observed between vehicles for time to stabilize emissions
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Temp. (oC) CO HCHO CH3CHO Benzene Toluene Xylenes

-4.3 45 17.5 79 128 407 593

-1.6 46 15.3 96 123 389 539

3.4 20 14.0 41 47 135 207

6.3 44 - - - - -

6.8 28 - - - - -

7.5 25 0.13 43 - 146 196

9.4 29 - - - - -

10.4 54 - - - - -

Preliminary Summary Pontiac Vibe:  Grams Emitted per Engine Start
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Conclusions / Summary of Project Progress

• Conducted literature review on cold start emissions
not much information on speciated VOC emissions (usually total HC)

• Set-up sampling method for measuring tail pipe emissions
• Conducted 18 tests on 4 different vehicles measuring VOCs, CO, NOx, CO2.

problems identified measuring HCHO 
limited temperature range (Pullman had an unusually warm winter)
noted test-to-test variability (vehicle or sampling set-up?)

• Plan is to conduct more tests this summer (Vibe, Forester, diesel truck) and work 
on the sampling methodology

add PM2.5 using TSI Dustrak sampler
improve HCHO sampling 
use fast response NO, NO2 analyzer
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