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Selective Catalytic Reaction (SCR)

Widely used in power plants, stationary sources

Like a three-way catalyst for diesel / lean-burn
engines

Oxidizes HC, CO, and organic fraction of PM

Reduces NOx in presence of O ,, but requires
ammonia (NH ;) to drive the reaction

Urea (NH,),CO + H,O + heat 2 NH; + CO,

NONE NH,@ N+ H0 @




Urea-SCR System

Injection of
Urea solution
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Exhaust from Purified exhaust
engine

« > 95% NO, reduction possible

* diesel PM reduced 30-60%, VOC ~80%
e Temperature range 200 - 55%C

«Slight increase in back pressure
Combination with particle filter if desired
«Sulfur tolerant




Monohull Ferry Project — Private
OPerator
@)

e Compact SCR systems for four 625-hp main engines
and four 30-39 kW gensets on two monohull ferries
— Delivered December 2007 and February 2008

— Calibration and limited emission testing on first vessel February
2008

e > 2800 engine hours so far
* Minor fixes and design improvements

— Second vessel entered service September,

e« >1800 engine hours so far




Preliminary Testing of Monohull Ferry SCR

Main engines: 2 x DDC Series 60, 625 HP Tier 2 mari ne diesels
6 catalyst modules per engine, reactor wt ~350 |b
Gensets: 2 x Onan 39 kW

One catalyst module per genset, one urea injection system shared
between both gensets

Preliminary measurements conducted to set urea inje ction rates
and verify system performance.

NOXx reduction > 90% at all but lowest power setting

Port main engine NOx emission rate — with SCR
-+ without SCR
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Water Emergency Transportation Authority
New Fast Ferries

e Compact SCR™ systems for
eight 1410-hp main propulsion
engines on four new fast ferries

System weight ~ 900 Ib/engine

M.V. Gemini in service December

2008
e > 370 hours so far

M.V. Pisces completed acceptance
testing Febprans2000,
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THE WATER TRANSIT AUTHORITY
INTRODUCES THE MOST ENVIRONMENTALLY
FRIENDLY FERRIES IN THE NATION

Merging Selective Catalytic Reduction with Renewable Solar
Energy on our New Hybrid Commuter Vessels

ABOUT THE FERRIES: SCHEDULE & ‘-'-ERVICE

t, 149 passenger-only ferries
2007 EPA requlations
i solar (renewable energy) technology

rjutﬂ unt||tha= I)oat spe ified
for that route are delivered

THE BOAT BUILDING TEAM: COSTS & FUNDING SOURCES:

# The team of N| chols Brothers Boat Bun:!ers and & Cost will be $16 million for 2 vessels
3 cf # Funding from local Regional Measure 2

ir We g ipya bridge toll
o'."therrrom Australia is Inajln ] thp design

rea Water Transit Authorify is a regional agency mandafed fo builld an
fer transit system of ferries, feeder buses, and ferminals. The Authorit
and add & new ferry roufes fo tnpie femry ridership by 2025

WATER TRANSIT AUTHORITY
e




NOx grams per hour

Dyno Test Results for WETA Ferry SCR

MTU 16V2000 M70 -- 16-cylinder, sequential  regting at pacific Power Products
turbo, 1410 hp high-speed marine diesel Kent, WA Jan. 10-12 2008

Measured emissions were 1/3 of contract
limit, ~95% reduction from baseline

Cruise NOx 0.2 g/BHP-hr, PM 0.02 g/BHP-hr N
Tier 2 engine  Tier 4 compliance w SCR ¥
Exhaust backpressure at full power 42% ’r |

below engine manufacturer’s limit

Oxides of Nitrogen Particulate Matter

PM grams per hour
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Sea-Trial Emission Results for M.V.

Geminl

Acceptance Condition
85% Power Cruise

Emissions (g/kWh)

Port

Starboard

NOX 0.01

0.18

PM 0.048

0.021

CO 0.04

0.10

HC est. 0.02

0.02

NOx+PM+HC 0.08

0.22

Contract Limit 1.11

1.11
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NOx Emission Rate vs RPM: Starboard Engine
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Emissions (g/kWh)
Port Starboard

NOXx 0.18 0.28

PM 0.023 0.022

CO 0.02 0.03

HC est. 0.02 0.02

NOx+PM+HC 0.22 0.32

Contract Limit 1.11 1.11

izz | NOx Emission Rate vs RPM: Starboard Engine :x’a :;ea_
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Other Compact SCR Applications



CARB Harborcraft Rule and Carl Moyer
Program
Opportunities for Compact SCR



Next Steps



