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UCR Manine=Expenencece

Ocean Going Vessels: main engines

Feb 04 Container Ship I

Oct 06 Container Ship IV

Feb 07 Oil tanker

July 07 Container Ship I

Sept 07 Container Ship IV

Sept 08 Container Ship IV

Jun 09 Container Ship IV

Aug 09 Container Ship IV

Apr 10 Container Ship V

Sept 10 Container Ship VI (Tierl)

Ocean Going Vessels: auxiliary engines

Feb 04 Container Ship I

May 05 Container Ship II

July 05 Container Ship II

Oct 05 Container Ship II

Dec 05 Container Ship II

Dec 05 Container Ship III

Mar 06 Container Ship

Oct 06 Container Ship IV
Nov 06 RORO

Feb 07 Oil tanker

Apr 10 Container Ship V

Ocean Going Vessels: auxiliary boiler

Feb 07 Oul tanker
Sept 07 Container ship IV

Harbor Craft: main & auxiliary engines

Mar 06 Ferry exhaust control

Jun 06 Shuttle: Biodiesel

Aug 06 Activity studies

Sept 06 Dredger: engine control
Oct 06 Dredger: exhaust control
Oct 08 Workboat: T2 & biodiesel
Feb 09 Ferry: T2 & biodiesel —
Sept 09 AZ Shuttle: T2 & biodiesel
Oct 10 First hybrid tug

Sept 11 Great Lakes vessel + algal fuel
Dec 11 Retrofit tug
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Fuell Ecanomy \Decreases-at High Speed=ed

A How much?
I 3% @ 60mph
I 17% @ 70mph
I 28% @ 80mph

Fuel Economy (mpg)
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Ref. US Dept of Energy
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ConsumeriRéportianoFastertSpeegdsecds

Make & 55 mph 65 mph 75 mph
model

Acura TSX 39.9 mpg 35.5 mpg 30.7 mpg
2 4-liter

a-cyl.

Honda 5.9 448 36.5
Insight
1.3 liter

Ayl

Lexus 30.9 274 230
RX350
3.5-liter V6

Mercury 238 212 17.8
Mountaineer
4 6-liter V8

Toyota 403 349 298
Camry
2 5iter

Ayl

Toyota RAV4 346 293 259
2.5 liter

4-cyl.

Toyota Yaris 425 379 340
1.5-liter 6
4oyl
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m weight driving force
B reaction force B fnction
B air resistance
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Forecessama=Shipp

Type of resistance %% of B,
High Lowe
speed speed
ship ship
R. = Friction 45 - 90
Ry = Wave 40- &
R. =Eddy 5- 8
R, =Air 10- 2

Ship speed V

Reference: Appendix E from MANN B&W Technical Report, Basic Principles of Ship Propulsion
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Ship EmisstoniMeasurementProject

A Two container ships; typical in CA water
I Panamax: 1997; 36.7/MW: 4,062 TEUS
I Post Panamax: 2010: 68.5kW: 8,501 TEUs

A Two fuels: HFO & MGO

A Emissions measured at certification test
loads using ISO & US EPA methods.

A Analysis explored scenarios to reduce
criteria pollution & green house gases
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Test Plan /" \

ngine
Vessel Engine VSR measurements | Fuel || Load
(%)

Vessel Gaseous/PM/EC
SpeedlOC Measurements

MGO 11 11 Yes/Yes/Yes

Out of Long Beach Po
1 Sulzer 9RTA84C MGC 21 15 Yes/Yes/Yes

Into Oakland Port | HFC 10 12 Yes/Yes/Yes

MGD| 9 13 Yes/No/No

Out of Long Beach Po
1 Sulzer 9RTA84C MGO® 18 14 Yes/Yes/No
Into Oakland Port | MG( 17 14 Yes/No/No

Out of Long Beach Po MGC\ 9 12 Yes/No/No
Hyundai B&W 11K

98ME7 MGO|\ 12 12 Yes/Yes/Yes
Into Oakland Port

MGO 23 15 Yes/Yes/Yes

10
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TheanyyvssData a

KW Ppropulsion power “Wave wall* Power vs. Speed BCO2 vs. Speed
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Ship speed
Power and speed relationship for a 600 TEU container ship

(Ref. : Appendix E from MANN B&W Technical

Report, Basic Principles of Ship Propulsion 1



College of Engineering- Center for ‘
Environmental Research & Technology
Results: NOx & CO), Emission Benefits

Average % Reduction in Gaseou&missions relative to Cruise *NOXx
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On aREGIONAL scale: VSRo 12 knots yielded approgl1%and
56% reduction inCO, & NOXx

On aGLOBAL scale: Oraverage, CO& NOx reduced t&2%and
38%,respectively by merely reducing speed of the vessel®kidots
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Results: PM, . Emissions IBenefits

% Reduction in Particulate Mass relative to Cruise Speed (HFO)
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A Up to 70% PM reduction; reduction improved to 97% when fuel
was switched from HFO to MGO

A Significant reduction in EC, OC and hydrated sulfate was also found 13
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Measured vs.|IEPAICARBIEFs atoads ©202,0 %

A Regulatory Agencies relies
upon a formula developed by
EEIA to estimate EFs at low
loads

Ay (g/kW-hr) = a fractional
load)*+ b

A Wherefractional load= (actual
speed/max. spe€ed)

pollutant exponent (x) intercept (b) coefficient (a)
NO, L5 104496 (.1255
PM, ¢ L5 0.2551 0.0059
Cco, 1 648.6 #4.1
co 1 (.1458 (.8378
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NOx C0O2/100

0O
O

PM2.5*100

Calculated I: EPA method; Calculated Il: CARB

method

underestimatesby 20%

A On average, EPA and CARBiderestimatesPM, s and NOx by
72% and 51%, respectively, and overestimates CO by 669%
A In case of CQ EPAoverestimatesby 20% and CARB

14
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TPE,,, sreduction
almost doubled on
reducing large
vessel speed from
15 knots (538%) to
12 knots (973%)

15



