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EVOLUTION OF DIESEL ENGINE TECHNOLOGY
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Figure 1-8. A-Diesel’s first expenmental engine was buill in
1893. B-Modified diesel engine. Following modification,
including enfargement of the piston bore, the first power tests
were performed on the diesel engine in 1895. The tests showed
that the new engine had an efficiency of 26.2%.

(Diesel & Gas Turbine Publications)
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Evolution of Diesel Technology
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Evolution of Diesel Technology
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Fiet uniJet Fuel Injection system - 1997
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Fiet Multijet Fuel Injection system - 2003
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Evolution of US Heavy Duty Diesel Emission
Standards
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A A
1994
500 PPM
A (10/93)
1998
5.0
FUEL
— 40 A SULFUR
£ 2002
o
=
@ 25 ULSD
- 2011 Tier 4A S
O (10/06)
& 1.2
ﬂ 2014 Tier 4B
0.2
0o 2010
0.00.01 PM [g/HP-hr] 0.10

Off-Highway
A

500 PPM
(&/07)

FUEL
SULFUR

uULsD
15 PPM
(3/10)

PT TATA MOTORS DISTRIBUSI INDONESIA 7




Evolution of EPA Off-Highway
Emission Standards
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* TDE - “Traditional Diesel Exhaust” Key to Emissions Reductions in NTDE
Wall-flow Diesel Particulate Filter

* NTDE - “New Technology Diesel Exhaust” L x

Reductions:

99+% PM

80 to 100% HC, CO

80 to 99+% PAH, toxins

Exhaust I
(PM, CO, HC) Bl ISEEE
Enter —)p - v =4

Porous Ceramic Wall

2007 And Beyond . . .
Integrating Engine and Aftertreatment

Active Particulate Filter

2007 And Beyond . . .
Integrating Engine and Aftertreatment

Active Particulate Filter
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FINAL TIER 4 ENGINE
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Low sulfur fuel enables diesel PM
filters

Diesel particulate filter

ULTRA-LOW SULFUR

HIGHWAY DIESEL FUEL
(15 ppm Selfor Maximum)

Required for use in all model year
2007 and later highway diesel
vehicles and engines

Recommended for use in all ceesel
vehicles and engines

50 ppm Sulfur is necessary for diesel filters to function while
10-15 ppm sulfur is necessary for them to work well.
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Transition to Clean “New Technology” Diesel:
Advanced Component Technologies and System
Integration

Controls |
Fuel Systems “w. Exhaust
F e / Aftertreatment
Air |
Handling y . L9 Ultra Low
7 >+ " Sulfur Fuel

Combustion

New Technology Diesel
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Diesel Technology Development:
Critical Subsystems

PT TATA MOTORS DISTRIBUSI INDONESIA



m SPRYCHEN TRUCKMAGZ

N [1D0NESh

New Technology Diesel

* PM levels in New Diesel Technology Exhaust (NTDE)
are more than 100-fold lower than in TDE

— NTDE NOx and PM mass emissions are comparable to
CNG and gasoline

* NTDE PM is chemically different from TDE PM
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Cummins Certification Emissions Levels
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NTDE: Less PM and Composition Very Different
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NTDE Reduces Emissions Across a Broad Spectrum of

Compounds
Category
Single Ring Aromatics B82%
PAH 79%
Alkanes B85%
Hopanes/Steranes 99%
Alcohols & Organic Acids 81%
MNitro-PAHs 81%
Carbonyls 98%
Inorganic lons 71%
Metals & Elements 98%
Organic Carbon 96%
Elemental Carbon 99%
Dioxins/Furans 99%
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What about the Rest of the World?

EURQO V+ and US 2007 standards require diesel filters and 10-
50 ppm sulfur fuel

Heavy-duty Vehicle Emission Standards for Major Countries/Regions

UU JUGC UL DU UUS U0 1 1 1 U4

Europe 0 EurolV B SRt Euro \ -
China'’ na il (Euro § ! China I\
India"’ Bharat Il (Euro Il) Bharat il
pfmu:;y S Korea Euro ll 18D
Russia Euro| Euroll Euro il
Thailand Euro il
Brazil 0 PROCONVE P-§ 0
Japan
Non-Euro |US US 2004 JS 200
pathway |Canada' S 2007 ¥
Mexico® US 1998/ Euro Il US 2004/ Euro IV

{1) Major cities have introduced accelerated adoption schedules - timelines in this tabie reflect nationwide adoption
(2) Canadian standards are designed to be akigned with U S. standards

(3) Mexican standards are designed to be aligned with U S and Euro standards. Manufacturers may certify to either
the US or Euro standard
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The New Technology Diesel Challenge:

No Low Sulfur Diesel Fuel in Most of the World
Status of diesel fuel sulfur, March 2012
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Conclusions

* New Technology Diesel Engines, specifically engines
operating on Ultra Low Sulfur Diesel fuel and
employing oxidation catalysts and wall-flow
particulate filters, have fundamentally different
(and significantly better!) exhaust characteristics
than Traditional Diesel Engines

— 99+% reduction in particulate mass

— Chemically different particulate composition
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CUMMINS ISB & ISL SERIES ENGINES ARE USED IN TATA WORLD TRUCKS ‘PRIMA’

(]

BS Emissions, (g/hp-hr)

Cummins and Others - Certification Emissions Levels

Cold/Hot Composite Results over FTP, Negative Test Results Setto Zero,
Deterioration Factor and UAF Applied
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Recognize the significant progress we have
made together

Regulations Technology
driving enabling
technology regulations

New
Technology
Diesel
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