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Caterpillar"Marine Power Systems

Excellence on Board



Overview...

* Diesel Particulate Matter (DPM)

— DPM defined, health & environmental impacts
Diesel Particulate Filters (DPF’s)

— DPF’s defined

— Passive DPF & Active DPF

— Example of Active DPF on marine

Nitrogen Oxides (NOXx)

— NOx defined, health & environmental impacts
NOx Reduction

— SCR
— Example of SCR on Marine



What is Diesel Particulate Matter

e Diesel Particulate Matter (DPM)
 Complex mixture of solids and liquids

« DPM size

— 10 micrometers \
— 2.5 micrometers —>




Health & Environmental Effects



Health & Environmental Effects

 |n California Alone
— 2000 premature deaths per year

— 250 lung cancer cases per year

— Contributes or causes over 6 types of
respiratory and heart diseases

— Lost work days
— 10% to 75% visibility reduction

— Greenhouse gas second to CO,



Diesel Particulate Filter

 Filter Basics

— Wall flow design (typical)
e Cordierite or Silicon Carbide

— Sintered metal
* New technology

— 2.5 - 10 micron filtration

 Regeneration

— Diesel particulate matter
o Carbon & Hydrocarbons

— Burn (Oxidize) DPM
— Catalyst coating helps
— 300%400°C (570=752F)



PASSIVE Diesel Particulate Filter

 What defines a passive DPF
— Regeneration is dependent on engine exhaust heat
— Duty cycle of the engine is crucial to operation

 Pros
— Lower capital cost
— Less complex installation
— High engine loads good for engine
— Hydrocarbon & carbon monoxide reduction

e Cons
— Engine duty cycle may not support

— Fluctuations in backpressure
— Uncontrolled regeneration



ACTIVE Diesel Particulate Filter

 \What defines an active DPF
— Regeneration occurs automatically
— Fuel burners
— Electro-conductive

e Pros
— Maintenance costs low
— Controlled regeneration
— Less BP fluctuation

« Cons
— Higher capital cost
— More complex installation

— Down time for regeneration with
some



Example of ACTIVE DPF Installation

CARB/UC Riverside/NAVSEA Testing at Suisun Bay

Self Propelled Crane
DDC 12V71 (2-cycle)
Engine Year: 1974

Currently 2000+ hours
of operation

Test Cycle: 1ISO 8178

Long-term test program to
accumulate hours on a
“Tier 0” engine



What Are Nitrogen Oxides (NOX)

 NOX Properties
— Nitrogen & Oxygen combine at high temperatures
— Most nitrogen oxides are odorless gas
— NOx appears reddish-brown (smog)

e Health Impacts of NOx
— Causes respiratory problems
— Aggravates existing heart disease
— Damage to lung tissue




Health & Environmental Effects

 Environmental Impact of NOx
— Component in ground-level ozone and smog
— Contributes to acid rain
— Combines with particles to reduce visibility

— Is a greenhouse gas that contributes to global warming
and climate change

— Leads to oxygen depletion in bodies of water, upsets
chemical balance to aquatic wildlife, creates acidic lakes
and stream

— May contribute to biological mutations




Nitrogen Oxides (NOx) Reduction Technology

e Selective Catalytic Reduction (SCR)
— Reductant = Ammonia (Agqueous, Anhydrous, Urea)

— Delivery system Gas flow =>
— Special catalyst e ——— Pl dttor
 How it works e Catalystlayers
— Reductant injection 7
— Mixers distribute in exhaust m
— Ammonia + NOX Catas m
 Nitrogen + Water Honeycomb

monaolith

— 90% plus NOx reduction most cases 7



Example of SCR Installation on a Ship



Questions?

Daniel Serrano
Exhaust Aftertreatment Specialist
Peterson Power Systems, Inc.

510-618-5602



