Commercial Marine Non-road Source Category Calculation Methodology Sheet

I.  Source Category: 
Commercial Marine Vessels – all types    II.  SCC:  2280002000



Commercial Marine Vessels – Diesel      
2280002010


Commercial Marine Vessels – Residual
2280003000  


III.  Pollutants: PM10 and PM2.5, VOC, NOx, CO, SOx
IV.  Description:  

This document describes the methodology used to calculate emissions of particulate matter with an aerodynamic diameter of less than or equal to 2.5 microns (PM2.5), particulate matter with an aerodynamic diameter of less than or equal to 10 microns (PM10), volatile organic compounds (VOC), Nitrogen oxides (NOx), Carbon monoxide (CO) and Sulfur oxides (SOx) from Commercial Marine Vessels (CMV). 

V.  Current Methodology:

Emissions are estimated differently for port and nonport activities.  In port emissions are based on information for specific ports and are estimated for a radius of 25 miles from port; nonport emissions are based on cargo movement data and cover the area from 25-175 miles from the coasts.  EPA is working to improve the nonport calculation methods.  Currently EPA is using a top down method for nonport emissions and there is a great level of uncertainty in these emission calculations.   Nonport emissions will not be included in this calculation sheet.  For information on EPA’s top down method, please see Final Regulatory Support Document: Control of Emissions from New Marine Compression-Ignition Engines at or Above 30 Liters per Cylinder (EPA 420-R-03-004, January 2003).
To estimate port area inventories, data from nine specific port areas were used including port calls, vessel types and typical times in different operating modes.  Three different speeds were considered: cruising, reduced speed zone (RSZ), and maneuvering.  For port calculations, diesel and residual fueled ships can use the same calculation methodology.

The PM10 emission factor is assumed be equal to PM and the PM2.5 emission factor is assumed to be equal to 0.92*PM10.

The method outlined below is from the Final Regulatory Support Document: Control of Emissions from New Marine Compression-Ignition Engines at or Above 30 Liters per Cylinder (EPA 420-R-03-004, January 2003).
CMV emission factors were obtained from an EPA document titled Commercial Marine Emission Inventory Development (EPA420-R-02-019, July 2002). 

VI.  Emission Calculation:
A. Commercial Marine Vessels – in ports (radius of 25 miles from port)

Emissionsigh = Tripsi  x  Powerih  x LFi g  x  Timei g  x EFi
a. Tripsi = Number of trips or vessel calls by vessel (i) and engine type (h)

b. Poweri = rated power of propulsion engine by vessel (i) and engine type (h)

Oceangoing ships were classified into four types and their horsepower was related to deadweight (DWT) using linear regressions. For non‑ocean going vessels, the empty weight or deadweight is generally not available in the Lloyd’s registration data, so that for these classes of vessels, only an average horsepower across the class was computed.  See the table below. (Maryland Department of the Environment, Calculation Methodologies (draft), June 2002).

NOTE: kW = HP x 0.7457

	Oceangoing Ship Horsepower (HP) Classification

	Ship Type
	HP

	Bulk Carriers and Tankers
	9070 + 0.101 (DWT)

	General Cargo Ships
	3046 + 0.288 (DWT)

	Container/RORO/Auto Carriers/Refrigerated Ships
	2581 + 0.719 (DWT)

	Passenger Ships
	‑4877 + 6.81 (DWT)

	Non-oceangoing Ship Horsepower (HP) Classification

	Ship Type
	HP

	Fishing vessels
	1106

	Tugs
	4268

	Ferries
	2415

	Yachts
	1863

	Harbor operations
	5046


c. LFi g = Load factor (fraction of rated power) in mode g (cruise, 

slow cruise or maneuvering)

The table below shows the suggested load factors for both ocean‑going vessels and non‑ocean‑going vessels.  While these values could be reasonable default values, the use of port specific load factors is preferable, if available.

	SUGGESTED LOAD FACTORS

(as % of maximum power)

	Vessel Type
	Cruise
	Slow Cruise
	Maneuvering

	Bulk Carriers & Tankers
	80
	40
	20

	General Cargo
	80
	35
	20

	Passenger
	80
	20
	10

	Container/RORO/Reefer/Auto Carrier
	80
	30
	15

	All non‑oceangoing
	80
	40
	20

	SUGGESTED AUXILIARY LOADS IN KW

(ocean‑going vessels only)*

	Passenger Ships
	5000
	5000
	5000

	All others
	750
	1250
	1000

	*  Non‑oceangoing vessels do not have separate auxiliary loads of significance.




d. Timeig = average time for each mode by vessel (i) and mode (g) (hours) 

This information can be obtained from local Port Authorities.  If information is not available for certain ports, EPA developed a port matching method that can be used to match an unknown port to a port with detailed characteristics (EPA, 2002).   

e. EFi h = Emission factor in mode (i) and by engine type (h)



Emission Factors - Commercial Marine Emission Inventory Development 



(EPA420-R-02-019, July 2002)
EPA has defined three different categories of marine engines: Category 1, 2 and 3.  

EPA defined marine engine categories

	Category
	Displacement (liters/cylinder)

	Category 1
	< 5.0

	Category 2
	5.0 ≤ disp < 30

	Category 3
	≥ 30


Baseline emission factors for Category 1 marine engines 

	Power Range (kW)
	HC (g/kW-hr)
	NOx (g/kW-hr)
	CO (g/kW-hr)
	PM (g/kW-hr)

	37-75
	0.27
	11
	2.0
	0.09

	75-130
	0.27
	10
	1.7
	0.40

	130-225
	0.27
	10
	1.5
	0.40

	225-450
	0.27
	10
	1.5
	0.30

	450-560
	0.27
	10
	1.5
	0.30

	560-1000
	0.27
	10
	1.5
	0.30

	1000+
	0.27
	13
	2.5
	0.30


Baseline emissions factors for Category 2 engines

	Engine Category 
	HC (g/kW-hr)
	NOx (g/kW-hr)
	CO (g/kW-hr)
	PM (g/kW-hr)

	Category 2

(5-30 l/cylinder)
	0.134
	13.36
	2.48
	0.32


Vessels also use auxillary boilers to provide steam and hot water.  These emissions are generally very small, so their emission factors will not be included here.  Please see page 1-5 of Commercial Marine Emission Inventory Development (EPA420-R-02-019, July 2002). 

For Category 3 engines, PM emissions are dependent on the sulfur content and quality of the fuel used.  A range in PM emissions levels was found, the mean is shown below.  

Emissions factors for Category 3 for transit modes for Diesel fuels

	Speed
	HC (g/kW-hr)
	NOx (g/kW-hr)
	CO (g/kW-hr)
	PM (g/kW-hr)
	SOx (g/kW-hr)

	Slow Speed at maximum operating point tested 
	0.53
	23.6
	1.1
	1.8
	12.82

	Medium Speed at maximum operating point tested
	0.53
	16.6
	0.7
	0.7
	12.99


Emission factors tend to be relatively steady at loads greater than 20 percent.  Thus, emission factors developed from emissions measured at full load were used as the cruise and Reduced Speed Zone (RSZ) emission factors as well.  However, at low loads the emission factors tend to increase as compared with higher loads.  The emission factors above can be used for cruise and RSZ modes of operation.  For maneuvering operation adjust the emission factors based on relationships shown below.  

Ratio of Maneuvering Emission Factors at 10 percent Load to Full Load Emission Factors 

	Engine type
	HC 
	NOx 
	CO 
	PM 
	SOx 

	Slow Speed
	5.28
	8.52
	1.36
	1.69
	1.57

	Medium Speed
	5.50
	7.41
	1.36
	1.68
	1.55


Emission Factors for residual oil for each pollutant 
	
	VOC(lbs/ 1000 gallons)
	NOx (lbs/ 1000 gallons)
	PM10 (lbs/ 1000 gallons)
	PM2.5 (lbs/ 1000 gallons)
	CO (lbs/ 1000 gallons)
	SOx (lbs/ 1000 gallons) 

	Residual Vessels
	0.7
	55.8
	20
	18.4
	3.5
	159 * 0.4%


f.  Emissionsi g h  = emissions from vessel type, engine type and mode in grams/day

VII.  Point Source Adjustments:
No point source emissions were subtracted from the area source inventory.
VIII.  Adjustments for Controls:
No controls are available for this source category.
IX.  Spatial Adjustments:

Data for spatial allocation is not available for this source.
X.  Temporal Adjustments:
ADVANCE \d4 Data for temporal allocation is not available for this source. 

XI.  Assumptions:

A. National value for ratio of PM2.5/PM10
XII.  Rule Effectiveness:

There are no known rules that would affect these equations.

XIII.  Uncertainties/Shortcomings of Methodology
A.  Time allocation 

XIV.  Recommendations to Improve Methods/Data

A.  Review emission estimates to ensure that they are representative.

B.  Develop county-level allocation based on reasonable data (GIS-based ton miles and waterway mileage data).  (State Department of Transportation, Port Authority)

C.  Obtain more representative activity estimates at the local or State-level including data on fuel consumption, categories of vessels, number of vessels in each category, and the number of hours at each time-in-mode (cruising, reduced speed, maneuvering, and hotelling). (State Department of Transportation, Port Authority)

D.  Allocate port emissions within counties 

E.  EPA is currently revising the nonport emissions calculations.  Review report when it is available. 

XV.  Additional Information/Guidance:
EPA Contact:
Ms. Laurel M. Driver












Emission Factor and Inventory Group












E-mail: driver.laurel@epa.gov
Telephone:  919-541-2859

Additional Information on Emissions from Commercial Marine:


www.epa.gov/otaq/marine.htm

www.epa.gov/otaq/nonrdmdl.htm#otherref
Mobile Source Emission Inventory Guidance Document:


www.epa.gov/otaq/invntory/r92009.pdf
NEI Methodology Description:



www.epa.gov/ttn/chief/net/index.html#doc
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