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Blue Technology: Not green enough yet
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“Will blue technology be green enough in the future?”
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The NO, scandal (Inefficient deNO, for diesel PCs since two decades!)

The best deNO, system on roads (Honor to whom honor is due!)

. The NO, trap chemistry (Is this best available technology?)
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EU Limit
Jan. 1st, 2010
40 pg/m?
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DOCs and hox-DPFs substantially contribute to the NO, problem
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For example with an FT-IR at the curbside

- Remote Sensing

- Emissions of individual vehicles

- NO, CO, HC, CO2

- 15 years, 500’000 vehicles

- Licence plate recognition

- Technology assignment

- Detection of high emitters

- Field inspection and control

Gian-Marco Alt, Michael Goétsch, Valentin Delb, AWEL, Zlrich
Chen & Borken-Kleefeld Atm. Env. 2014, 88, 157-164



From chassis dynamometers to on-road measurements

Appearance and reality are far apart! Diesel NO, 10x higher than gasoline vehicles

NO, emissions of gasoline & diesel vehicles
The NO, problem of diesel PCs & LDVs is 20 years old — that’s the scandal
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Can diesel solve its NO and NO2 emission
problem in time?

Appearance and reality are far apart! Another 15 years to wait?

NO, emissions of diesel vehicles

The NO, problem of diesel PCs & LDVs is 20 years old — that’s the scandal
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The NOx scandal (Inefficient deNOx for diesel PCs since two decades!)

The best deNOx system on roads (Honor to whom honor is due!)

. The NOx trap chemistry (Is this the best available technology?)



The best deNO, system on European roads

Honor to whom honor Is due

- BMW 318 (1.8 1, 1995, Euro-1, mileage 70000 km)

« 95 RON gasoline (specification CEF RF-08-A-85)

- New, original spare part TWC
« Two-layered Pd-CeO,-Al;0O4/Rh-Z2rO,-Al,O, structure



DeNO, am Pd/Rh-TWC

Speed limit 120 km h-!

NO emission (BMW, 1.8 |, 1995, EURO-1)
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DeNO, in Pd/Rh-TWC

Pre-catalyst NO up to 200 mg s at transient highway driving

NO emission (BMW, 1.8 |, 1995, EURO-1)
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DeNO, am Pd/Rh-TWC

Post catalyst less than 6 mg st

NO emission (BMW, 1.8 |, 1995, EURO-1)
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TWC-Iinduced formation of ammonia

No ammonia before catalyst

Ammonia emissions (BMW, 1.8 [, 1995, EURO-1)

10 + + 180
Ammonia

g | (Ra cycle, pre-catalyst) 1 150
— T 120 &—
= + 90 E
= 4 g
[e0 g
=

?] 30

0 1 — = — — : 0

0 600 1200  Time [s] 1800 2400



TWC-Iinduced formation of ammonia

Relevant ammonia emissions post catalyst

Ammonia emissions (BMW, 1.8 |, 1995, EURO-1)

10 180
Ammonia
cycle, post catalyst) + 150

(R

Q)

+ 120

(o)}
|
T

T 90

N
|
1

Velocity [km h™]

+ 60

Mass flow [mg s™]

N
|
T

+ 30

0
0 600 1200 Time[s] 1800 2400

Heeb et al. Atm. Env. 40 (2006) 5986-5997 Heeb et al. Atm. Env. 40 (2006) 3750-3763



TWC in real world application

Why NH; and N,O?

— Which three ways to go?

— A new try incl. H,, water gas-
shift-reactions and steam

reforming

— Another try with H,,

and NH,

CO + 1/2 0O,
HC + O,
NO + CO

H, + 1/2 O,
CO + H,0
HC + H,O

NO + H,
NO + HC
NO + 5/2 H,
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The NOx scandal (Inefficient deNOx for diesel PCs since two decades!)

The best deNOx system on roads (Honor to whom honor is due!)

. The NOx trap chemistry (Is this best available technology?)



Mitsubishi
Vehicle
Carisma 1.8 GDI
Engine code 4G93
Number and arrange- o
ment of cylinder 4 /in line
Displacement cm’ 1834

Power kW 90 @ 5500 rpm
Torque Nm 174 @ 3730 rpm
Injection type DI

Curb weight kg 1315
Gross vehicle weight kg 1750

Drive wheel

Front-wheel drive

Gearbox

M5

First registration

05.2001

Exhaust

EURO 3

The first in-series GDI vehicle (Mitsubishi Carisma, 1.8 |, Euro-3) with NOx trap technology

Mitsubishi




An ideal cycle to study converter chemistry at its best

NOx-trap activity in a SSC
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An ideal cycle to study converter chemistry at its best

NOx-trap activity in a SSC
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CO, emissions in the SSC

Extra fuel injections (FI) about every minute!
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Extra fuel injections result in extra CO emissions but only in phase 1

CO and CO, emissions
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NH,
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(61 km/h)

(45 km/h)

(26 km/h)

4800



2.0E+03

1.5E+03

1.0E+03

5.0E+02

0.0E+00
2.0E+05

1.5E+05

1.0E+05

5.0E+04

0.0E+00

NOXx trap at work: extra fuel injections result in extra NO emissions

NO and CO, emissions
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NOX trap at work: extra fuel injections result in extra NO and NO, emissions

NO and NO, emissions
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NO, proportions lowest during extra fuel injections and high temperatures

NO, proportion
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Not funny, extra fuel injections also result in extra N,O emissions

N,O emissions
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CO, at 26 km/h
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How much deNO activitiy per injection

deNO activity at 26 km/h
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How much deNO activitiy per injection

deNO and deNO, activity at 26 km/h
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NO, proportion drops during fuel injection

NO, proportion at 26 km/h
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No NH, formation, but secondary N,O formation during fuel injection

N,O and NH; at 26 km/h
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How much fuel penalty per injection

CO, at 94 km/h (fuel rich conditions)
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How much deNO activitiy per injection
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Low NO, storage capacity, not very sulfur tolerant, its more a SO, than a NO, trap

NOXx-trap cycle NO, O CO,

A > 1 (lean) T: 150-450 °C
1. NO- & NO,-oxidation to NO5
2. Store as Ba(NO,),

A< 1 (rich) T: 200-500:°C
3. Post injections of fuel
4. NOj reduction with H,, HC etc.

Similar chemistry in the NO, trap with

Secondary formation of N,O and NH,
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From 0.1 to 1 billion in 60 years
(3800 as | spoke, 37’000 this morning)

World vehicle population

1.1

0.91

0.7 ]

Vehicles (billions)

o
)

0.3

90 million new vehlcles / y
(3 vehicles / s)

(in force 2005)

0.1
1950

1960 1970 1980 1990 2000 2010

2020

400 1

CO, Proportion (ppm, dry air)

325 1

From 310 to 410 ppm in 60 years

Atmospheric CO, Concentration (Mauna Loa, monthly mean)

375 4

(in force 2005)

i (1.6 ppm CO, /y)
125Gt CO,/y

1960 1980 2000 2020



From 345 to 400 ppm in 30 years
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From 345 to 400 ppm in 30 years

§105
400}
390}

380
310}

oI
30"

CO, Proportion (ppm)

330

L
Heptl
.:'11.’#
BT
-4
Brs ¥
o
R o
-4
S T
ST
. A
L
o 5
gl u
R
i O
et B
i o
i'all
3
X
al v

Kyoto
(in force 2005)

(1.6 ppm CO, / y)

12.5 Gt CO, / y

N,O Pr(')p-ortion (ppb)

1985 1990 1995 2000 2005 2010 2015

(x| E—

325}

Caly
e |
[

Cal
=4
Ly |

Cad
—
=

Cad
—
|

300

From 303 to 328 ppb in 30 years

(1.0 ppb N,O /y)
7.8MtN,O/y |

1985 1990 1985 2000 2005 2010 2015



W|II que technology be

green enough In the future?” |
.\ W 8 L |
There's quite some.work

ahead of us'
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