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2007

Año Politica y/o Normativa
Early
1980s

Primeras regulaciones de control
de particulas a diesel

1996 HEI study by Michigan
Technological Univeristy

1998 California identifica
formalmente/legalmente a la
emision de particulas a diesel como
compuesto cancerigeno

2000s California (informal) participation in
UN PMP

HEI 1996 Study showed
higher total number of
particles from newer engine
(1991) than from older
technology engine (1988)

Bagley et al. 1996. Effects of fuel
modification and emission control devices
on heavy-duty diesel engine emissions.
HEI Research Report # 76.
http://pubs.healtheffects.org/view.php?id=
124

Contexto Historico de la Politica de Control de Emisiones
de Particulas en California



Contexto Historico - continuacion
Año Politica y/o Normativa

2000 Plan control y reduccion del riesgo de
exposicion a particulas a diesel

2000s Investigacion en California de clean diesel
versus gas natural comprimido

2007 New Heavy-duty PM Engine Standards force
use of Diesel Particle Filter (DPF)

2010 New Heavy-duty NOx Standards force use of
Selective Catalytic Reduction (SCR)

2012 Organizacion Mundial de Salud llega a
misma conclusion que California – particulas
a diesel son cancerigenas

2000-2015 15 años de investigacion sobre todo aspecto
relacionado con emisiones de particulas
(incluyendo ultrafinas y nanoparticulas)

2019 Primer EE.UU. programa de “inspeccion y
mantenimiento” para heavy-duty diesel

2020 Nueva regulacion NOx a motores pesado
(reduccion de 90%)

2023 100% de vehiculos pesados en uso cumplen
con estandares 2010 o mejor
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• Diesel de 15ppm S
• New engine standards
• In-use requirements

• Replace, retire, repower, retrofit
• On-road and off-road
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Kirchstetter,T.W., Aguiar, J., Tonse, S., Fairley, D., and
Novakov, T., “Black carbon concentrations and diesel
vehicle emission factors derived from coefficient of haze
measurements in California: 1967-2003,” Atmospheric
Environment, 42(3): 480-491, 2008

50 Years of Progress Yields New Concerns

Source: ARB, EMFAC 2017

El trafico contribuye a las
particulas ambientales

Los frenos y llantas
contribuyen mas al PM2.5
ambiental

50 years of progress
on Black Carbon
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La medicion y conteo de las nanoparticulas –
solidas versus solidas + volatiles



6

Diesel particle emission control



Pre-DPF soot

SEM images courtesy of  Dr. D. Su, Fritz-Haber Institute

No DPF
PM = 130.3 mg/mile

DPF+SCR
PM = 17.4 mg/mile
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Emission reduction

DPF was a game changer on PM

Post-DPF clean
sample



Efectividad del DPF esta bien Documentada
Vehiculos Pesados a Diesel y GNC Cumplen Ampliamente con Normativa de FTP PM

Quiros, et al. - Submitted to Emission Control Science & Technology for publication in April 2016.



DPFs pueden generar o reprimir formacion de nanoparticulas dependiendo
de cantidad de material particulado en el DPF, edad del catalizador, y

condiciones de operacion

Total Number Concentrations Pre- and Post-Trap

1

10

100

1,000

10,000

100,000

1,000,000

10,000,000

0 200 400 600 800 1000 1200 1400 1600 1800

test time (seconds)

To
ta

l C
ou

nt
s 

(N
/c

c)
 a

nd
 S

pe
ed

 (m
ph

) before trap

after trap

speed trace

Total Number Concentrations Pre- and Post-Trap

1

10

100

1,000

10,000

100,000

1,000,000

10,000,000

0 200 400 600 800 1000 1200 1400 1600 1800

test time (seconds)

To
ta

l C
ou

nt
s 

(N
/c

c)
 a

nd
 S

pe
ed

 (m
ph

) before trap

after trap

speed trace

Ayala, A. and J. Herner, “Transient Ultrafine Particle
Emission Measurements with a New Fast Aerosol
Sizer for a Trap Equipped Diesel Truck,” SAE Tech.
Paper, 2005-01-3800
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Gas natural comprimido y
gasolina



Emisiones de nanoparticulas por motores a gas natural
comprimido (GNC or CNG) es similar a los diesel con DPF



BC emissions per
phases of US06 cycle

GDI PM/ PN > PFI PM/PN > DPF and GPF PM/PN



What is next?...........................a lot of electrification

Plan de regulacion para vehiculos pesados en California



VW scandal was good for electrification
California ZEV targets: 1.5m/2025, 5m/2030, ?/2040, ?/2050

Reference: The Economist, 3/3/18

“sooner or later the country will have to ban
diesel cars” Angela Merkel, German
Chancellor

Peter Fimrite, San Francisco
Chronicle, 3/8/19


