QERG

Eastern Research Group, Inc.

2014 Texas Statewide
Commercial Marine Vessel
Emissions Inventory and
2008 through 2040 Trend
Inventories

FINAL

Prepared for:

Texas Commission on Environmental Quality
Air Quality Division

Prepared by:

Eastern Research Group, Inc.

August 26, 2015



WERG

www.erg.com

ERG No. 0345.00.001.002

2014 Texas Statewide Commercial Marine Vessel
Emissions Inventory and 2008 through 2040
Trend Inventories

TCEQ Contract No. 582-15-50416
Work Order No. 582-15-51493-01 FY: 2015-10

Prepared for:

Cody McLain
Texas Commission on Environmental Quality
Emissions Assessment Section
P.O. Box 13087
Bldg. E, Room 335
Austin, TX 78711-3087

Prepared by:

Heather Perez
Eastern Research Group, Inc.
1600 Perimeter Park Drive
Suite 200
Morrisville, NC 27560

August 26, 2015

3508 Far West Blvd., Suite 210, Austin, TX 78731 © Phone: 512-407-1820 « Fax: 512-419-0089
Arlington, VA = Atlanta, GA = Austin, TX = Boston, MA = Chantilly, VA = Chicago, IL » Cincinnati, OH = Hershey, PA
Prairie Village, KS = Lexington, MA = Nashua, NH = Research Triangle Park, NC = Sacramento, CA

Equal Opportunity Employer = Printed on 100% Post-Consumer Recycled Paper



Table of Contents

(0O B 1o € oo [8Tox 4 [o] o PP PPPRP 1-1
2.0  Data CollECtION ...ttt a e r e e as 2-1
2.1 PortVision Automatic Identification System (AIS) Data ...........ccccce...... 2-1

2.2 Other Vessel ACtiVity Data ..........ccccceeeeeiiiiiiiiiiiieeee e 2-1

2.2.1 GOVErNMENT VESSEIS .....coiiiiiiiiii it 2-1

2.2.2 Dredging ACHIVITY.....cccoeiiiiiiiiiiiee e e e 2-2

2.2.3 Commercial Fishing ACHIVItY .........coooiiiiiiiiiiiiiee e 2-2

2.3 Vessel CharacteristiCs Data..........cccuvieeiiiiiiiiiiiiieee e 2-2

3.0 Local Activity Data ProCeSSING........uuuueiiieeiiiiiiiiiiiieiaeeessasisiireeeeaeeessssnnvseeeeeaeeens 3-1
3.1 POFVISION ALS ..ot 3-1

3.1.1  Vessel CharaCteriStiCS........cuuviiiiiiiiiee s 3-1

G 7 o= To I = Toi o] < TP PO UPPPPPRRPR 3-2

3.1.3 AUXIHArY ENQINES ...cooiiiiiiiiiiiiieeeee e 3-3

3.1.4 Kilowatt-hour Calculations and Data Quality Checks................. 3-3

3.2 GOVEINMENT VESSEIS......eiiiiiiiiiiie it 3-4

3.3 Dredging OPerationS...........coccuriiiiiieee e ee e e e e e e e e e e e e e e e snnneeeees 3-2

3.4 Commercial FISNING ....cocieiiiiiiiieee e 3-5

O T =t 0 01 S 1S] o] o I = Tod (0] SRR 4-1
5.0  Projection FACLOIS ........uuuiiiiiiieeiiieiiiie ettt et e e e e e e e st aneeeaaeas 5-1
6.0 Emissions Calculations for AIS Data...........ccoovivieieiiiiiiiee e 6-1
T.0  RESUITS ..t 7-1
8.0 REIBIEINCES ...t 8-1
Appendix A. CMV 2008 to 2040 Control Programs ...........ccccceeeeiiniiiiieeeeee e A-1



List of Tables

Table 3-1. Coast Guard Vessel Characteristics and Associated POrtS...........ccccceevivveenenne 3-1
Table 3-2. Vessel Operating Characteristics by Fishing Operation Type...........ccccvvee..... 3-5
Table 3-3. 2013 Port Landings for Port Allocations .............cccccoviiiiiiiiiieieeeiieeeennn 3-6
Table 3-4. Kilowatt Hours for Texas Fishing Vessel Fleet by Port and Fishing

(@] =] 11 o] o OO PRSERR 3-7
Table 4-1. Uncontrolled Criteria Emission Factors for CMV Vessels ...........ccccvveeeeeenn. 4-2
Table 4-2. Category 1 CMV Controlled Criteria Emission Factors (g/kWh) for

F o | T TP POP PP 4-3
Table 4-3. Category 2 CMV Controlled Criteria Emission Factors (g/kWh) for

E o L T = T PR UPPRPR TP 4-4
Table 4-4. Category 3 CMV Controlled Criteria Emission Factors (g/kWh) for

F L =T LT PRRRRT 4-5
Table 4-5. Category 1 and 2 HAP Speciation Profile for Port Activities ............cccc....... 4-6
Table 4-6. Category 1 and 2 HAP Speciation Profile for Underway Activities................ 4-7
Table 4-7. Category 3 HAP Speciation Profile for Hoteling Activities ............cccccceeeee... 4-8
Table 4-8. Category 3 HAP Speciation Profile for Maneuvering Activities ................... 4-9
Table 4-9. Category 3 HAP Speciation Profile for Maneuvering Activities................... 4-10
Table 5-1. 2013-Based Commercial Marine Vessel Activity Growth Factors Based on

(@ gToTe] a1 u fo] I [=To [ 6 3O PP PP PP 5-2
Table 6-1. Emissions Adjustment Factors for Operating Loads Less Than 20%........... 6-2
Table 7-1. 2014 Annual Statewide Controlled Criteria Emissions by SCC (tons)........... 7-1

Table 7-2. 2014 Annual Statewide Uncontrolled Criteria Emissions by SCC (tons) ...... 7-1
Table 7-3. 2014 Annual Controlled Criteria Emissions by County for Category 1 and 2

VeSSl POrt ACHIVITIES (TONS) ...t e e e e e eeeeeas 7-1
Table 7-4. 2014 Annual Controlled Criteria Emissions by County for Category 1 and 2
Vessel Underway ACHIVITIES (T0NS) ...uvvriiiiieei i e e e e e e e e e e e e e ennenees 7-1
Table 7-5. 2014 Annual Controlled Criteria Emissions by County for Category 3 Vessel
IN-POrt ACHIVITIES (TONS) 1oiiieiiiiiitieiee e e e e e e e e e s e e e e e e e e e e ennraneeeeeeas 7-2
Table 7-6. 2014 Annual Controlled Criteria Emissions by County for Category 3 Vessel
Underway ACHIVITIES (TONS)...ciiiiiiiiiiiiiiiii et e e e s e e e e e e e s s nneaees 7-2
Table 7-7. Statewide Annual Controlled Criteria Emissions for Commercial Marine
VESSEIS DY YEAN (TONS)...uueiiiiiiie e ettt e e e e e s e e e e e e e e e st re e e e e e e e e s ennnneees 7-3
Table 7-8. Comparison of NOx Emissions and Activity between Previous 2011 Inventory
and New Backcasted 2011 INVENTOIY .......uuuviiiieeeeiiiciiiieee e st e e e e e e e e ee e e e e e e 7-4



1.0 Introduction

The objective of this Texas Commission on Environmental Quality (TCEQ) project is to
develop the 2014 Air Emissions Reporting Requirements (AERR) commercial marine
vessel (CMV) emissions inventory (El) for actual annual and average summer weekday
emissions as well as 2008 through 2040 CMV statewide actual annual and average
summer weekday trend emission inventories. Data developed was for all criteria
pollutants, ozone precursors, and hazardous air pollutants (HAPs). During project
development, activity data for 2014 were not available. Therefore, Eastern Research
Group, Inc. (ERG) obtained activity data from 2013 as this represented the most recent
available data at the time the project began. ERG collected activity data for calendar
year 2013 and used the data to develop actual and ozone season weekday emission
inventories for CMVs using updated emissions and activity-based projection factors all
coastal counties in Texas. ERG developed trend emissions inventory data for both
controlled and uncontrolled criteria emissions for years 2008 to 2040.

The Texas CMV Emissions Inventory includes Category 1, 2, and 3 vessel activity and
emissions by waterway for the entire state. Texas state waters extend 9 nautical miles
(nm) from the coast into the Gulf of Mexico and include all waterways that extend
inland, such as the upper reaches of the Houston Ship Channel. As such, this inventory
examined activities in the following counties: Aransas, Brazoria, Calhoun, Cameron,
Chambers, Galveston, Hardin, Harris, Jackson, Jasper, Jefferson, Kenedy, Kleberg,
Liberty, Matagorda, Newton, Nueces, Orange, Refugio, San Patricio, Victoria, and
Willacy.

The EPA marine category is divided into three groups based on engine cylinder
displacement; Category 1 engines have a per cylinder displacement less than 5 liters,
Category 2 engines have a per cylinder displacement greater than or equal to 5 liters and
less than 30 liters, and Category 3 vessels have a per cylinder displacement greater than
or equal to 30 liters. Category 1 and Category 2 marine diesel engines typically range in
size from about 500 to 8,000 kW (700 to 11,000 hp). These engines are used to provide
propulsion power on many kinds of vessels including tugboats, pushboats, supply
vessels, fishing vessels, and other commercial vessels in and around ports. They are also
used as stand-alone generators for auxiliary electrical power on many larger vessels.
Category 3 marine diesel engines typically range in size from 2,500 to 70,000 kW
(3,000 to 100,000 hp). These are very large marine diesel engines that run on residual
fuel blends and are used for propulsion power on large ocean-going vessels such as
container ships, oil tankers, bulk carriers, and cruise ships. The following sections
describe the inventory approach, including initial collection of local data, emission
calculations, and spatial allocations used to develop the CMV emissions inventory.



2.0 Data Collection
2.1 PortVision Automatic Identification System (AlS) Data

As afirst step in data collection, ERG obtained Automatic Identification System (AIS)
activity data for commercial marine vessels from PortVision. PortVision, a service of
AIRSIS, Inc., is one of the largest international providers of satellite and terrestrial AIS
data. AlS transponders serve as GPS units that report vessel location, speed, and other
information every 2 seconds to nearby receivers and are available on most marine
vessels due to increasing regulations and decreasing cost. AIS signals cover activities
both in port as well as in state, federal, and international waters, providing a more
complete picture of each vessel’s activity. While there are a number of vessel activity
data sources available, many publicly available datasets are highly aggregated and
include only vessel origins and destinations (or entrances and clearances) with no
indication of how the distance was traversed. Hours of operation using these datasets
can only be crudely estimated based on an estimate of vessel speed and the length of the
shortest route between the origin and destination.

In contrast, AlS data provide individual vessel identification information along with
both geographic location and time stamps, allowing for spatially and temporally
accurate vessel routes. Using these data enables one to map individual trips for each
vessel to calculate actual hours of operation resulting in a more refined estimate of CMV
activity.

As AIS data is primarily geared toward traffic control and accident avoidance, it is not
ideally formatted for use in inventory efforts. The dataset ERG obtained from PortVision
for this effort includes observations every 15 minutes for every vessel in the area of
interest during 2013 (31,841,919 unique observations associated with 9,584 vessels) to
provide a comprehensive picture of vessel movement and to reduce potential data gaps.

2.2 Other Vessel Activity Data

AIS data, while far more comprehensive than in the past, may not capture all CMVs
within the study area. In particular, smaller vessels that are not required to carry AIS
transponders may not be well represented in the dataset. ERG identified three
categories of vessels which may not be accurately represented in AIS: military, dredging,
and commercial fishing vessels. The following sections describe the additional data
sources that ERG used to complement, gap-fill, or replace AIS data where needed.

2.2.1 Government Vessels

The Department of Homeland Security limits the ability to collect activity data and
estimate emissions. In the Gulf of Mexico, military vessel activity is implemented by the
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U.S. Navy and the U.S. Coast Guard. ERG assumed that Navy vessel activities in Texas
state waters were relatively few, since the last Navy base located in Texas was closed in
2006 and most military vessel exercises occur in federal waters.

ERG obtained information about Coast Guard vessels operating in Texas waters using
fleet profiles obtained from their websites (USCG, 2014).

2.2.2 Dredging Activity

ERG obtained information concerning dredging operations occurring in Texas state
waters from the U.S. Army Corps of Engineers Dredging Activity Database (USACE,
2014).

2.2.3 Commercial Fishing Activity

Commercial fishing activities can be difficult to estimate since fishing vessels tend to
consider the locations of their fishing spots confidential business information. ERG
estimated commercial fishing activity based on the following data sources. ERG
obtained: fish landings from the National Marine Fisheries Service (NMFS, 2015),
fishing vessel counts from the National Transportation Safety Board (NTSB, 2010),
fishing vessel activity assumptions (Wells 2012) and values of fish landing from the
Texas Parks and Wildlife (TPW, 2014). Using these four datasets, ERG estimated and
spatially allocated commercial fishing activity.

2.3 Vessel Characteristics Data

In addition to activity data, emission calculations require information about the vessels
themselves, particularly the engine category (derived from the cylinder displacement)
and its kilowatt (kW) rating to determine which subset of emission factors to use. The
kilowatt rating is multiplied by the hours of operation to estimate the kilowatt-hours
(kwh), which can then be multiplied by the kWh-based emission factors. These data
elements are available in the Information Handling Services (IHS) Vessel Database,
which were purchased for use in this project.



3.0 Local Activity Data Processing
3.1 PortVision AIS

The AIS data file received from PortVision included 31,841,919 unique observations, in
15 minute intervals, associated with 9,584 vessels, provided in monthly files. Data were
examined in their raw monthly format as both a QA check as well as to determine if
there was significant seasonality between months. In terms of vessel observations, each
month represented between 7.7 % to 8.8% of the total annual activity. The average was
8.3% with a standard deviation of 0.36%. The average summer month activity was 8.6%.
This analysis indicated that the data files were complete and that commercial marine
vessel traffic within the Gulf does not have a significant seasonal variation.

To obtain activity data that could be used for annual and daily estimates, data
processing steps included consolidating monthly data files into a single dataset in
Structured Query Language (SQL) Server and organizing the dataset by vessel and time
stamp. ERG performed a quality assurance review of the records and removed records
that could not be used, including the following:

e 12 records with no date;

e 11 records with an invalid Maritime Mobile Service Identity (MMSI); and

e 2,564 vessels had a single observation in the year, which is insufficient for
routing.

ERG mapped the points in a geographic information system (GIS) and removed
2,523,130 records that plotted more than one nautical mile outside of Texas state
waters. ERG selected a buffer distance of one nautical mile to ensure all vessel
movements near the edge of the nine-mile state waters area were included. This method
aimed to capture data points just outside of the area of interest in order to represent the
movements as vessels enter and exit state waters.

Summary statistics performed on the AIS data in SQL server indicated that 72.8 percent
of the records were associated with vessel speeds less than 0.2 knots. Discussions with
PortVision clarified that speeds of 0.2 knots or less could indicate vessels maintaining
position or otherwise not moving. As a result, ERG consolidated consecutive records
with vessel speeds of less than or equal to 0.2 knots by averaging the coordinates and
speeds to reduce the record count. These processing steps reduced the size of the dataset
to 5,667,338 records.

3.1.1 Vessel Characteristics

The AIS data contain identifying information including International Maritime
Organization (IMO) number, Maritime Mobile Service Identity (MMSI), vessel name,
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and vessel type. ERG used these identifiers to match individual vessels to their
characteristics in the IHS Vessel Database (IHS 2014). The best method to match
vessels is by matching IMO numbers between the two datasets; however, the IMO
number is not fully populated in AIS data. As a result, ERG conducted additional rounds
of matching using vessel names, call signs, and vessel type to match as many vessels as
possible to their detailed vessel characteristics and to validate matches made by IMO
number.

Ultimately, ERG successfully matched 4,152 vessels of the 6,301 vessels (66% matched)
to the IHS database to obtain kW ratings and maximum speeds. IHS data, while
comprehensive, may not have fully populated engine characteristics. For vessels that
matched to IHS but did not have kilowatt rating or maximum speed data, ERG
calculated average values (excluding zeros) by vessel type and category. For vessels that
lacked a category, ERG used the vessel type to assign a category, and average kW rating
and maximum speeds were gap-filled based on the type and category.

Vessels that could still not be matched, for example, because they were lacking IMO
number, vessel type, and vessel category, were considered most likely to be Category 2
vessels that do not travel internationally and do not require IMO identification, but have
invested in AIS technology. Note that vessels equipped with Category 3 engines have a
very high match rate as they tend to include IMO or MMSI codes and smaller Category 1
vessels are less likely to participate in the AIS. Therefore vessels that could not be
matched, because they were lacking both vessel type and category, were considered to be
Category 2 vessels. This assumption may potentially result in an overestimation of
emissions as there are a few Category 1 vessels in the AIS dataset. ERG developed
average values for Category 2 vessels to gap-fill engine data for the 2,155 vessels that
could not be matched to detailed vessel characteristics or were missing data by
averaging the kW and maximum speed data values for the 253 Category 2 vessels
present in the Texas IHS data. Outliers were accounted for and removed before
averaging. The resulting average values were 3,201 for engine kW rating and

12.68478 knots for maximum speed.

3.1.2 Load Factors

Previous inventories, including the 2011 TCEQ CMV inventory, used default load factors
in estimating emissions. This is a common practice and has been the established
practice for the TCEQ and the EPA for previous CMV emissions inventories.

Vessels tend to operate at an optimal and consistent load while cruising, but their
engine loads can vary significantly while they are transiting reduced speed zones or
shifting in a port area. AlS data include actual vessel speed, which ERG used in
conjunction with the maximum vessel speed as provided in the IHS data to accurately
calculate engine load using the Propeller law:
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LF = (AS/MS)3
Where:

LF = Load factor
AS Actual vessel speed
MS Maximum vessel speed

After linking the vessels to the IHS database, ERG calculated load factors using the
maximum vessel speed and the observed (actual) vessel speed for individual route
segments. In some cases, however, the actual speed reported in AIS data exceeded the
maximum speed reported in IHS data. In these cases, the actual speed was set equal to
the maximum speed and their load factors, which exceeded 1.0, were replaced by
averages derived from IHS data by vessel type. Load factors under 20% were rounded to
the nearest percent for later processing as described in Section 6 to account for low load
emissions.

3.1.3 Auxiliary Engines

Data on auxiliary engines were obtained for all Category 3 vessels from the IHS data.
Category 1 and 2 vessels are smaller and as such tend not to have auxiliary engines or
turn their engines off while dockside, so no gap-filling of Category 2 and 3 auxiliary
engines was necessary.

3.1.4 Kilowatt-hour Calculations and Data Quality Checks

With kW ratings, maximum speeds, and loading factors fully populated, the kilowatt
hours (kWh) were calculated as follows:

A=MCRXxLFxH

Where:
A = Vessel activity in kWh
MCR = Maximum continuous rated engine power, KW
LF = Load factor
H = Hours of operation

Activity for propulsion engines were calculated using the kW rating of the main engines
for all records with an AlS-reported speed over ground greater than 0.2 knots. For
Category 3 vessels, all records indicating movement were considered underway
activities. For Category 1 and 2 vessels, the activity associated with speeds over 0.2 knots
was split between port and underway Source Category Code (SCCs) to account for
hoteling (operations while stationary at dock). 11.75% of the activity was considered



hoteling while the remaining 88.25% was considered underway as identified in a
previous Category 2 Census Report from the EPA (U.S. EPA, 2007). Activity in the
reduced speed zone (RSZ) was calculated using the kW rating of the auxiliary engines
for all Category 3 vessels with a recorded speed greater than 0.2 knots. Hoteling activity
was calculated using the KW rating of the auxiliary engines for all Category 3 AIS
observations where the speed was less than or equal to 0.2 knots.

3.2 Government Vessels

Table 3-1 shows information ERG obtained about Coast Guard vessels operating in
Texas waters using fleet profiles obtained from their websites and from direct
communication with Coast Guard staff in 2011 (USCG, 2014). ERG obtained the list of
vessels in 2015 from the Coast Guard, but was not able to contact anyone at the Coast
Guard to obtain or confirm activity information at this time. Therefore, ERG used the
original assumptions which are listed in Table 3-1 from the 2011 inventory as surrogates.
For the eight new vessels that were not included in the 2011 inventory, ERG assigned
activity hours to these vessels to be consistent with other similar Coast Guard Classes.
For example navigational aid boats were assumed to have annual operating hours less
than larger vessels involved in inland construction and lighter faster medium response
boats were assumed to be used slightly more often than larger coastal patrol boats.

The Coast Guard’s Eighth District is responsible for safety and security of the full length
of the Mississippi River, as well as the Gulf of Mexico (Peschke, 2015). In Texas, the
District operates 21 vessels, as listed in Table 3.1.



Table 3-1. Coast Guard Vessel Characteristics and Associated Ports

State
Horsepower Water
Port Vessel ID Class Vessel Name Vessel Type (hp) Hours Source of Hours
Stern-Loading Assumption from
Corpus Christi | BUSL 49426 | BUSL-49 Buoy Aids to Navigation Boat 350 1,000 | similar vessels
Corpus Christi | WLIC 75304 | WLIC-75 Mallet Inland Construction Tenders 1,320 1,700 | 2011 TX Inventory
Coastal Patrol Boat - Marine
Corpus Christi | WPB 87348 | WPB-87 Brant Protector Class 3,000 360 | 2011 TX Inventory
Coastal Patrol Boat - Marine
Corpus Christi | WPB 87363 | WPB-87 Manatee Protector Class 3,000 360 | 2011 TX Inventory
Coastal Patrol Boat - Marine
Freeport WPB 87320 | WPB-87 Manta Protector Class 3,000 360 | 2011 TX Inventory
Coastal Patrol Boat - Marine
Galveston WPB 87330 | WPB-87 Man-O-War Protector Class 3,000 360 | 2011 TX Inventory
Response Boat- Assumption from
Galveston 45630 RB-M Medium Response Boat-Medium 825 640 | similar vessels
55-foot Aids to Assumption from
Galveston ANB 55103 | ANB-55 Navigation Boat | Aids to Navigation Boat 1,080 500 | similar vessels
WMEC
Galveston WMEC 624 | 210 Dauntless Medium Endurance Cutter 5,000 240 | 2011 TX Inventory
Galveston WLIC 75309 | WLIC-75 Hatchet Inland Construction Tenders 1,320 1,700 | 2011 TX Inventory
Galveston WLIC 75306 | WLIC-75 Clamp Inland Construction Tenders 1,320 1,700 | 2011 TX Inventory
Coastal Buoy Tender -
Galveston WLM 561 WLM-175 | Harry Claiborne | Keeper Class 3,400 240 | 2011 TX Inventory
Response Boat- Assumption from
Galveston 45618 RB-M Medium Response Boat - Medium 825 640 | similar vessels
Coastal Patrol Boat - Marine
Galveston WPB 87353 | WPB-87 Skipjack Protector Class 3,000 360 | 2011 TX Inventory
Coastal Patrol Boat - Marine
Port Aransas WPB 87324 | WPB-87 Steelhead Protector Class 3,000 360 | 2011 TX Inventory
Response Boat- Assumption from
Port Aransas 45606 RB-M Medium Response Boat - Medium 825 640 | similar vessels
Response Boat- Assumption from
Port Aransas 45611 RB-M Medium Response Boat - Medium 825 640 | similar vessels
Coastal Patrol Boat - Marine
Port Isabel WPB 87315 | WPB-87 Amberjack Protector Class 3,000 360 | 2011 TX Inventory
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Table 3-1. Coast Guard Vessel Characteristics and Associated Ports

State
Horsepower Water
Port Vessel ID Class Vessel Name Vessel Type (hp) Hours Source of Hours
Coastal Patrol Boat - Marine
Sabine WPB 87344 | WPB-87 Heron Protector Class 3,000 360 | 2011 TX Inventory
55-foot Aids to Assumption from
Sabine Pass ANB 55110 ANB-55 Navigation Boat | Aids to Navigation Boat 1,080 500 | similar vessels
South Padre Full Cabin SAFE | Full Cabin SAFE Response Assumption from
Island 33107 Unknown | Response Boat Boat 500 500 | similar vessels
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Table 3-1 notes for each Coast Guard vessel the home port, vessel ID number, name,
type, horsepower rating of the propulsion engines, and an estimate of the number of
hours these vessels operate in state waters. The Coast Guard provided a past estimate of
the annual hours of operation and the percentage of time the vessels operated within
state waters for 2011. ERG was not able to obtain 2013 data for the Coast Guard. ERG
used these 2011 data to estimate the horsepower hours (hp hr) of operation within state
waters using the following equation:

hp hr =Vn x hp x Ao
Where:

hp hr = horsepower hours

Vn = Number of vessels

hp = Total horsepower rating of the Coast Guard vessel's propulsion
engines

Ao = Annual operating hours in Texas state waters

Example: Military Vessel Activity Calculation

The 87-foot coastal patrol boat, Steelhead, operates out of Corpus Christi; it is equipped
with two 1,475 horsepower (hp) engines. The vessel operates 1,800 hours per year;

20 percent of operations are in Texas state waters. Using the equation above, ERG
calculated the horsepower hours for this vessel:

hp hr =Vn x hp x Ao
hp hr =1 x 2950 hp x 360 hrs
hp hr = 1,062,000

ERG developed emission estimates for criteria pollutants using the following equation:

DE=AH xCF1x LF x EF x CF2x D

Where:
DE = Daily emissions (tons per day)
AH = Annual activity (hp hr)
CF1 = Conversion factor (0.7455 kwW/hp)
LF = Engine load factor
EF = Emission factor (g/kWh)
CF2 = Conversion factor (1.10231 E-6 ton/g)
D = Conversion of Annual hours to summer season daily hours

(1 year/365 days)
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Example: Military Vessel Emission Calculation

The Steelhead has annual hp hrs of 1,062,000, which it operates at a load factor of 0.80.
Using the equation directly above, ERG estimated the NOx emissions using a NOx
emission factor of 13.2 g/kWh:

DE=AH xCF1x LF xEF xCF2x D

DE =1,062,000 hp hrs per year x 0.745 kW/hp x 0.80 x 13.2 g/kWh x 1.10231 E-6
ton/g x 1/365
DE = 0.025 tons per day

ERG assumed that the underway load factor for propulsion engines of Coast Guard
vessels was 80 percent. To estimate emissions, ERG used emission factors that the EPA
developed in support of recent marine vessel rule making (EPA 2010). ERG spatially
allocated Coast Guard activity and emissions based on the district associated with each
base and assigned them to appropriate counties based on the geographic information
system (GIS) shapefiles. Similar to the data processing for the AIS Category 1 and 2
vessels, total activity was split between port and underway SCCs to account for hoteling.
11.75% of the activity was considered hoteling while the remaining 88.25% was
considered underway as identified in a previous Category 2 Census Report from the EPA
(U.S. EPA, 2007).

3.3 Dredging Operations

ERG obtained information concerning dredging operations occurring in Texas state
waters for 2012 through 2014 from the U.S. Army Corps of Engineers Dredging Activity
Database (USACE, 2015). The 14 dredging projects that ERG identified were
implemented by both the Army Corps as well as private contractors. The Army Corps of
Engineers private company data set included the following information:

¢ The name of the dredging site;

e The type of dredging equipment used;

e The dates on which dredging was planned to be initiated and completed;
e The dates when dredging was actually initiated and completed;

e The amount of material dredged and the disposal method; and

¢ Information about the private company (including address) that was awarded the
work.

ERG used the actual dredging start and completion dates to estimate the total hours of
operation for the dredging equipment. In some cases, the completion dates were not
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documented in the database, in which case ERG assumed the project was ongoing and
would continue until December 31, 2014.

Though this equipment operates 24 hours per day seven days per week, ERG assumed
that dredging engines operate 90 percent of the time to account for the fact that 10
percent of the time the engines are not operating for minor maintenance and refueling
activities.

Three different dredging types are used in state waters: cutter suction (pipeline),
hopper, and cutter and hopper combination vessels. Cutter suction dredges use a
rotating drill to bring sediment up. Hopper vessels use a vacuum device that transports
sediments from the ocean floor into the vessel’s hold. ERG obtained limited information
concerning the dredging vessels from websites of the companies implementing the
dredging contracts, requiring the use of assumed average values. Cutter suction dredges
are equipped with engines rated from 5,000 to 15,000 horsepower, so for this project
ERG assumed a value of 9,600 horsepower (7,161 kW). Hopper dredges are equipped
with engines rated from 7,500 to 12,000 horsepower, so an average value of 9,814
horsepower (7,272 kW) was assumed (TCEQ 2011). ERG found only one example of a
combination dredger at the Marine Aggregate Levy Sustainability Fund (MALSF)
website, which had a horsepower rating of 5,476 (4,080 kW) (MALSF, 2015).

The U.S. Army Corps of Engineers’ Dredging Activity Database included project arrival
and departure dates which were used to estimate hours of operation.

ERG estimated total kilowatt hours using the following equation:

TKW = THP x 0.745 KW/hp % (DP-AR) x 24 hrs/day % 0.90

Where:
TKW = Total kilowatt hours (kWh)
THP = Total maximum horsepower rating of the engine (hp)
0.745 = Conversion of hp to kW
DP = Departure date
AR = Arrival date
24 = Hours per day
0.90 = Total fraction of time operating (considering ongoing

maintenance activities and refueling)
Example: Dredging Activity Calculation

A hopper vessel equipped with a 9,814 hp engine arrived at the site on January 1, 2014,
and departed on January 11, 2014. Using the equation above, ERG calculated the
operating kilowatt hours for this vessel:
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KWh = THP x 0.745KW/hp x (DP-AR) x 24 hrs/day x 0.90
KWh = 9,814 hp x 0.745 KW/hpx (1/1/14 — 1/11/14) x 24 x 0.90
KWh = 1,570,790 kWh

ERG calculated the total operating kilowatt hours based on the hours of operation
applied to the vessel and horse power rating. Though there are large dredging ships
equipped with Category 3 engines, most dredging vessels that operate along inland
waterways are likely to be large Category 2 vessels with cylinder displacements up to 30
liters. For future years, ERG used the 2013 data as the base year for the growth factors.
Similar to the data processing for the AIS Category 1 and 2 vessels, total activity was
split between port and underway SCCs to account for hoteling. 11.75% of the activity was
considered hoteling while the remaining 88.25% was considered underway as identified
in a previous Category 2 Census Report from the EPA (U.S. EPA, 2007).

ERG developed emissions estimates for criteria pollutants using the following equation:

DE=AH xXxEF xCFxD

Where:
DE = Annual emissions (tons per day)
AH = Annual activity (kWh)
EF = Emission factor (g/kWh)
CF = Conversion factor (1.10231 E-6 ton/g)
D = Conversion of annual emissions to summer season daily

emissions (1 year / 365 days)

Example: Dredging Emission Calculation

Using the equation directly above, ERG estimated the NOx emissions of a dredging
vessel with annual operations of 829,487 kWh. The NOx emission factor is 19.54 g/kWh.

DE=AHXLFxEFxCFxD
DE = 829,487 kWhs x 0.80 x 19.54 g/kWh x 1.10231 x 10-6 ton/g x 1/365
DE = 0.039 tons of NOx per day

There is little data currently available to quantify engine operating loads for dredging
propulsion engines. ERG assumed that vessel operators would attempt to optimize fuel
consumption rates for diesel engines, which would be operating loads around
approximately 80 percent, based off EPA’s Current Methodologies in Preparing Mobile
Source Port-Related Emission Inventories (April 2009).
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3.4 Commercial Fishing

ERG based commercial fishing activity on a variety of data sources for commercial
fishing in Texas. ERG estimated fishing vessel ship calls as a function of vessel purpose

and its type of fishery operations. Table 3-2 summarizes vessel operating characteristics

for the four main types of fishing operations, specifically the number of vessel port calls
per year, distance traveled in state waters per call, vessel speed, kilowatt rating of the
engine, calculated hours of operation in state waters, and calculated kilowatt hours.

Table 3-2. Vessel Operating Characteristics by Fishing Operation Type

Fishery
Operation | Vessels | Calls/Yr | Distance | Speed | Hours | kW | kW/ Vessel - Yr
Snapper 84 40 20 7.5 2.7 | 224 16,247
Shrimp 1,086 20 20 7.5 2.7 | 522 18,931
Oyster 252 100 40 7.5 5.3 | 224 81,133
Other 195 50 30 7.5 4.0 | 186 25,354
Total 1,617 141,646
Wells 2012

ERG obtained the number of vessels from information from the Texas Parks and
Wildlife Commercial Fishing License Buyback Programs (TPWD, 2015). To estimate
annual kilowatt-hours of operation per vessel, ERG multiplied the number of calls by
the vessel’s kilowatt rating, the hours per call, and a load factor of 68 percent. Most
fishing vessels have a governor and “trolling gear” to lower engine loads to 68 percent,
optimizing diesel fuel consumption. For this component of the TCEQ emission
inventory, ERG assumed the propulsion engine load factor to be 68 percent. ERG

calculated fishing vessel kilowatt hours using the following equation:

Actf = Kw x Dt / Sp x Cf x Lf

Where:
Actf = Annual activity per vessel in terms of adjusted kilowatt hours
Kw = Typical kilowatt rating of fishing boats’ propulsion engines
by type of fishing vessel operation
Dt = Distance traveled in state waters per trip (nautical miles)
Sp = Vessel speed (nautical miles per hour)
Cf Number of calls per year
Lf = Load factor (percent)

Example: Fishing Vessel Activity Calculation

A vessel involved in fishing operations for snappers is equipped with a single 224 kW
propulsion engine, has 40 calls per year where they transit 20 nautical miles per call and
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operate at a speed of 7.5 nautical miles per hour. ERG used the equation directly above
to calculate the total horsepower hours of operation:

Actf = Kw x Dt / Sp x Cf x Lf

Actf = 224 kw x 20 NM/7.5 NM/hr x 40 x 68/100
kWh = 16,247

The fleet of Gulf of Mexico fishing vessels involved in pelagic fishing (e.g., red snapper
and other ground fish), long-line tuna and swordfish, and shrimping operations actually
operate most of the time in federal waters. Many of these fishing boats go out into the
Gulf and stay out for a week to 3 months. When returning to Texas ports, each vessel
operates for only 2 to 3 hours within Texas waters (Wells 2012).

Fishing operations within state waters are dominated by the oyster fishery in the upper
Texas Coast with most vessels operating in the Galveston area. These vessels rarely leave
the bays or Texas waters and can include bait shrimping, black drum, blue crabs,
flounder, and other inshore fisheries (Wells 2012). These boats spend 100 percent of the
time within Texas waters and are basically regulated by the fishing season, fishing
permits, and the TPWD. ERG obtained the number of vessels associated with each type
of fishing operations using the TPWD buyback program in Table 3-2.

The main fishery ports in the Houston-Galveston-Brazoria area are Freeport, Galveston,
and Houston. ERG obtained 2013 fish landings for each port from the National Marine
Fisheries Service (NMFS, 2015); these numbers are presented in Table 3-3. Table 3-4
presents each port’s percentage of the total, both as total catch and by fishery operations
(e.g., snapper, shrimp, oyster, and other).

Table 3-3. 2013 Port Landings for Port Allocations

Millions Percent

of by Snapper | Shrimp | Oyster Other

Port County Pounds | Poundage | Vessels Vessels | Vessels Vessel
Aransas Pass-Rockport | Aransas 2.5 3.4% 3 36 9 7
Brownsville-Port Isabel | Cameron 20.7 27.7% 23 301 70 54
Freeport Brazoria 2.7 3.6% 3 39 9 7
Galveston Galveston 22.6 30.3% 25 329 76 59
Houston Harris 0.3 0.4% 1 5 1 1
Palacios Matagorda 10.9 14.6% 12 159 37 28
Port Arthur Jefferson 14.9 20.0% 17 217 50 39
Total 74.6 100.0% 84 1086 252 195

NMFS, 2015.

ERG used the fractions and number of vessels in Table 3-2 to estimate what portion of

the Texas fleet for each fisheries operation. Also, ERG applied the vessel count data
presented in Table 3-2 to the per vessel annual kWhs data presented in Table 3-3 to



estimate the kWhs associated with the different fishing operations and port which are
presented in Table 3-4.

Table 3-4. Kilowatt Hours for Texas Fishing Vessel Fleet by Port and Fishing

Operation

Snapper Shrimp Oyster Other 2014

Port County KWh KWh KWh \f\/s\fﬁl -II;(\)/\t/il
Aransas Pass-Rockport Aransas 48,680 681,521 730,201 177,479 | 1,637,882
Brownsville-Port Isabel Cameron 373,214 | 5,698,275 5,679,344 1,369,128 | 13,119,960
Freeport Brazoria 48,680 738,315 730,201 177,479 1,694,676
Galveston Galveston 405,667 | 6,228,347 6,166,145 1,495,899 | 14,296,058
Houston Harris 16,227 94,656 81,133 25,354 217,370
Palacios Matagorda 194,720 | 3,010,052 | 3,001,939 709,918 | 6,916,629
Port Arthur Jefferson 275,854 | 4,108,059 | 4,056,674 988,814 | 9,429,401
Total 1,363,043 | 20,559,224 | 20,445,638 4,944,072 | 47,311,976

ERG applied these kilowatt hours to the EPA’s emission factors to estimate VOC and
NOx emissions using the following equation:

DEf = Actf x EF x CF x D

Where:
DEf = Annual emissions associated with fishing vessels (tons per day)
Actf = Annual activity (kWh)
EF = Emission factor (g/kWh)
CF = Conversion factor (1.10231 E-6 ton/g)
D = Conversion of annual emissions to summer season daily

emissions (1 year / 365 days)

Example: Fishing Vessel Emission Calculation

Snapper fishing vessels in 2014 account for 1,363,043 kWhs. Using the equation directly
above, ERG calculated fishing vessel emissions:

DEf = Actf x EF x CF x D

DEf 1,363,043 kWh % 14.30 g/kWh x 1.10231E-6 ton/gr x 1/365

0.059 tons of NOx per day

ERG used 2013 as the base year for all the trend inventory years. ERG used fish landings
to allocate the activity data spatially to the ports and their surrounding areas. Similar to
the data processing for the AIS Category 1 and 2 vessels, total activity was split between



port and underway SCCs to account for hoteling. 11.75% of the activity was considered
hoteling while the remaining 88.25% was considered underway as identified in a
previous Category 2 Census Report from the EPA (U.S. EPA, 2007).
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4.0 Emission Factors

EPA reviewed CMV emission factors for planned use with the 2014 National Emission
Inventory (NEI) (USEPA 2010). ERG developed controlled emission factors from EPA
data which took into account fleet turnover and the implementation of regulatory
programs (US EPA 2010). Appendix A includes a summary table of the various control
programs associated with CMV. These control programs and their reductions are
already taken into account in the controlled emission factors in the tables that follow.
The controlled and uncontrolled criteria emission factors are shown below in Tables 4-1
through 4-4. Note that the controlled emission factors vary annually for all criteria
pollutants except for CO2, which remains the same for all years as well as under both
controlled and uncontrolled scenarios. Tables 4-5 through 4-9 contain the HAP
speciation profiles by vessel category and mode. The HAP component of the VOC or PM
emissions were estimated using speciation fractions from the EPA’s NEI as shown in the
following equation:

E=AxSF
Where:
E = Annual emissions for HAP (tons)
A = Annual emissions for speciation base (tons)
SF = Speciation factor (unitless fraction)

Organic HAP is calculated as a fraction of VOC emissions; a metal HAP is calculated as a
fraction of PM emissions. In the following example the EPA data suggests that 11.22
percent (equating to 11.22/100= 0.1122) of VOC emissions from total VOC diesel marine
engine emissions are formaldehyde.

Example: HAP Emission Calculation

Using the equation directly above, ERG estimated the formaldehyde emissions of a
vessel with annual total VOC emissions of 78.59 tons. The formaldehyde speciation
value is 0.1122.

E=AxSF
E =78.59 tons of VOC * 0.1122 formaldehyde fraction per VOC

E = 8.817798 tons of formaldehyde



Table 4-1. Uncontrolled Criteria Emission Factors for CMV
Vessels

Uncontrolled Emission Factors (g/kW-hr)

Pollutant
Category 1 Category 2 Category 3
Co 2.34 3.74 1.35
CO 1,044.40 1,044.83 956.13
NOx 13.67 18.13 16.06
SO2 0.28 0.32 10.08
PMio 0.21 0.50 1.35
PMa.s 0.20 0.49 1.24
VOC 0.41 0.22 0.60

a CO, emission factors are the same under both controlled and uncontrolled scenarios.
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Table 4-2. Category 1 CMV Controlled Criteria Emission

Factors (g/kwh) for All Years

Category 1 Controlled Emission Factors (g/kW-hr)

Year
CO NOx PMio PMy 5 SO, VOC

2008 2.34 13.67 0.21 0.20 0.28 0.41
2009 2.28 13.22 0.21 0.20 0.28 0.41
2010 2.21 12.77 0.21 0.20 0.20 0.40
2011 2.15 12.35 0.21 0.20 0.15 0.39
2012 2.09 11.88 0.16 0.15 0.08 0.38
2013 2.04 11.42 0.14 0.14 0.04 0.36
2014 1.98 10.92 0.11 0.10 0.04 0.34
2015 1.93 10.44 0.11 0.10 0.04 0.33
2016 1.88 9.88 0.09 0.09 0.04 0.31
2017 1.83 9.28 0.08 0.07 0.04 0.29
2018 1.79 8.67 0.06 0.06 0.04 0.27
2019 1.76 8.10 0.06 0.06 0.04 0.25
2020 1.73 7.58 0.06 0.06 0.04 0.23
2021 1.72 7.11 0.06 0.06 0.04 0.21
2022 1.70 6.68 0.06 0.06 0.04 0.20
2023 1.69 6.27 0.06 0.06 0.04 0.18
2024 1.68 5.89 0.06 0.06 0.04 0.17
2025 1.67 5.54 0.06 0.06 0.04 0.16
2026 1.67 5.23 0.06 0.06 0.04 0.15
2027 1.66 4.95 0.06 0.06 0.04 0.14
2028 1.66 4.71 0.06 0.06 0.04 0.13
2029 1.65 4.50 0.06 0.06 0.04 0.13
2030 1.65 4.35 0.06 0.06 0.04 0.12
2031 1.65 4.24 0.06 0.06 0.04 0.12
2032 1.65 4.15 0.06 0.06 0.04 0.12
2033 1.65 4.08 0.06 0.06 0.04 0.11
2034 1.65 4.02 0.06 0.06 0.04 0.11
2035 1.65 3.98 0.06 0.06 0.04 0.11
2036 1.65 3.94 0.06 0.06 0.04 0.11
2037 1.65 3.91 0.06 0.06 0.04 0.11
2038 1.65 3.89 0.06 0.06 0.04 0.11
2039 1.65 3.87 0.06 0.06 0.04 0.11
2040 1.65 3.86 0.06 0.06 0.04 0.11
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Table 4-3. Category 2 CMV Controlled Criteria Emission

Factors (g/kwh) for All Years

Category 2 Controlled Emission Factors (g/kW-hr)

Year
CO NOx PMio PM: s SO, VOC

2008 3.74 18.13 0.50 0.49 0.32 0.22
2009 3.71 17.46 0.50 0.49 0.32 0.22
2010 3.68 16.83 0.50 0.49 0.25 0.22
2011 3.64 16.25 0.50 0.49 0.20 0.22
2012 3.61 15.72 0.48 0.46 0.13 0.22
2013 3.58 15.21 0.25 0.24 0.09 0.22
2014 3.55 14.30 0.22 0.21 0.09 0.21
2015 3.52 13.70 0.18 0.18 0.09 0.20
2016 3.49 13.06 0.11 0.11 0.09 0.20
2017 3.46 12.44 0.09 0.09 0.09 0.19
2018 3.44 11.82 0.07 0.07 0.09 0.18
2019 3.41 11.22 0.07 0.07 0.09 0.17
2020 3.38 10.63 0.07 0.07 0.09 0.16
2021 3.36 10.06 0.07 0.07 0.09 0.16
2022 3.33 9.51 0.07 0.07 0.09 0.15
2023 3.31 8.99 0.07 0.07 0.09 0.14
2024 3.28 8.50 0.07 0.07 0.09 0.13
2025 3.26 8.03 0.07 0.07 0.09 0.13
2026 3.24 7.58 0.07 0.07 0.09 0.12
2027 3.22 7.13 0.07 0.07 0.09 0.11
2028 3.19 6.70 0.07 0.07 0.09 0.11
2029 3.18 6.29 0.07 0.07 0.09 0.10
2030 3.16 5.89 0.07 0.07 0.09 0.09
2031 3.15 5.51 0.07 0.07 0.09 0.09
2032 3.15 5.14 0.07 0.07 0.09 0.08
2033 3.14 4.79 0.07 0.07 0.09 0.07
2034 3.13 4.46 0.07 0.07 0.09 0.07
2035 3.13 4.14 0.07 0.07 0.09 0.06
2036 3.12 3.85 0.07 0.07 0.09 0.06
2037 3.12 3.63 0.07 0.07 0.09 0.05
2038 3.12 3.48 0.07 0.07 0.09 0.05
2039 3.11 3.35 0.07 0.07 0.09 0.05
2040 3.11 3.24 0.07 0.07 0.09 0.05
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Table 4-4. Category 3 CMV Controlled Criteria Emission

Factors (g/kwh) for All Years

Category 3 Controlled Emission Factors (g/kW-hr)

Year CcoO NOx PM;o PMa.s SOz VOC

2008 1.35 16.06 1.35 1.24 10.08 0.60
2009 1.35 15.98 1.35 1.24 10.08 0.60
2010 1.41 15.79 0.60 0.54 4.72 0.62
2011 1.41 15.63 0.60 0.54 4.72 0.62
2012 1.41 15.34 0.60 0.54 4.72 0.62
2013 1.41 15.05 0.60 0.54 4.72 0.62
2014 1.41 14.79 0.59 0.54 4.72 0.62
2015 1.41 14.57 0.35 0.32 1.69 0.62
2016 1.41 14.24 0.35 0.32 1.69 0.62
2017 1.41 13.51 0.35 0.32 1.69 0.62
2018 1.41 12.68 0.35 0.32 1.68 0.62
2019 1.41 11.94 0.35 0.32 1.68 0.62
2020 1.41 11.24 0.21 0.19 0.59 0.62
2021 1.41 10.70 0.21 0.19 0.60 0.62
2022 1.41 10.24 0.21 0.19 0.60 0.62
2023 1.41 9.55 0.21 0.19 0.59 0.62
2024 1.41 9.00 0.21 0.19 0.59 0.62
2025 1.41 8.54 0.21 0.19 0.59 0.62
2026 1.41 8.11 0.21 0.19 0.59 0.62
2027 1.41 7.79 0.21 0.19 0.59 0.62
2028 1.41 7.43 0.21 0.19 0.59 0.62
2029 1.40 7.13 0.21 0.19 0.59 0.62
2030 1.41 6.81 0.21 0.19 0.59 0.62
2031 1.40 6.65 0.21 0.19 0.59 0.62
2032 1.40 6.49 0.21 0.19 0.59 0.62
2033 1.40 6.32 0.21 0.19 0.59 0.62
2034 1.40 6.13 0.21 0.19 0.59 0.62
2035 1.40 5.96 0.21 0.19 0.59 0.61
2036 1.39 5.78 0.21 0.19 0.59 0.61
2037 1.39 5.57 0.21 0.19 0.59 0.61
2038 1.39 5.43 0.21 0.19 0.59 0.61
2039 1.39 5.33 0.21 0.19 0.59 0.61
2040 1.39 5.23 0.21 0.19 0.59 0.61
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Table 4-5. Category 1 and 2 HAP Speciation Profile for Port Activities

Pollutant Code Pollutant Fraction Speciation Basis
540841 2,2, 4-trimethylpentane 0.0003 VOC
83329 Acenaphthene 0.000018 PM;s
208968 Acenaphthylene 0.00002775 PM3 s
75070 Acetaldehyde 0.0557235 VOC
107028 Acrolein 0.002625 VOC

NH3 Ammonia 0.01 PMsg
120127 Anthracene 0.00002775 PMys
7440382 Arsenic 0.0000175 PMio
56553 Benz[a]Anthracene 0.00003 PM; s
71432 Benzene 0.015258 VOC
50328 Benzo[a]Pyrene 0.0000025 PMsg
205992 Benzo[b]Fluoranthene 0.000005 PMso
191242 Benzo[g,h,l,]Perylene 0.00000675 PM3 s
207089 Benzo[k]Fluoranthene 0.0000025 PMso
7440439 Cadmium 0.00000283 PMio
16065831 Chromium 111 0.0000165 PMio
18540299 Chromium VI 0.0000085 PMio
218019 Chrysene 0.00000525 PM, 5
628 Dioxin 2.5E-09 PMio
100414 Ethylbenzene 0.0015 VOC
206440 Fluoranthene 0.0000165 PM; s
86737 Fluorene 0.00003675 PMas
50000 Formaldehyde 0.1122 VOC
118741 HCB 0.00000002 PMio
193395 Indeno[1,2,3-c,d]Pyrene 0.000005 PMig
7439921 Lead 0.000075 PMio
7439965 Manganese 0.00000153 PMio
7439976 Mercury 0.000000025 PMio
91203 Naphthalene 0.00105075 PMa.s
110543 n-Hexane 0.004125 VOC
7440020 Nickel 0.0005 PMio
1336363 PCB 0.00000025 PMio
85018 Phenanthrene 0.000042 PM; s
123386 Propionaldehyde 0.004575 VOC
129000 Pyrene 0.00002925 PMzs
7782492 Selenium 2.83E-08 PMio
100425 Styrene 0.001575 VOC
108883 Toluene 0.0024 VOC
1330207 Xylene 0.0036 VOC
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Table 4-6. Category 1 and 2 HAP Speciation Profile for Underway Activities

Pollutant Code Pollutant Fraction Speciation Basis
540841 2,2, 4-trimethylpentane 0.00025 VOC
83329 Acenaphthene 0.000015 PM3 s
208968 Acenaphthylene 0.000023125 PM;s
75070 Acetaldehyde 0.04643625 VOC
107028 Acrolein 0.0021875 VOC

NH3 Ammonia 0.02 PMio
120127 Anthracene 0.000023125 PM, 5
7440382 Arsenic 0.00003 PMio
56553 Benz[a]Anthracene 0.000025 PM3 s
71432 Benzene 0.012715 VOC
50328 Benzo[a]Pyrene 0.000005 PMso
205992 Benzo[b]Fluoranthene 0.00001 PMsg
191242 Benzo[g,h,l,]Perylene 0.000005625 PM3 s
207089 Benzo[k]Fluoranthene 0.000005 PMig
7440439 Cadmium 0.00000515 PMio
7440473 Chromium 0.00005 PMio
16065831 Chromium 111 0.000033 PMio
18540299 Chromium VI 0.000017 PMio
218019 Chrysene 0.000004375 PM, 5
628 Dioxin 0.000000005 PMio
100414 Ethylbenzene 0.00125 VOC
206440 Fluoranthene 0.00001375 PM; s
86737 Fluorene 0.000030625 PMys
50000 Formaldehyde 0.0935 VOC
118741 HCB 0.00000004 PMio
193395 Indeno[1,2,3-c,d]Pyrene 0.00001 PMig
7439921 Lead 0.00015 PMio
7439965 Manganese 0.000001275 PMio
7439976 Mercury 0.00000005 PMio
91203 Naphthalene 0.000875625 PMa.s
110543 n-Hexane 0.0034375 VOC
7440020 Nickel 0.001 PMio
1336363 PCB 0.0000005 PMio
85018 Phenanthrene 0.000035 PM; s
123386 Propionaldehyde 0.0038125 VOC
129000 Pyrene 0.000024375 PMa.s
7782492 Selenium 5.15E-08 PMio
100425 Styrene 0.0013125 VOC
108883 Toluene 0.002 VOC
1330207 Xylene 0.003 VOC
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Table 4-7. Category 3 HAP Speciation Profile for Hoteling Activities

Pollutant Code | Pollutant Fraction Speciation Basis
83329 Acenaphthene 0.00000034 PM2 s
208968 Acenaphthylene 0.000000525 PM3 s
75070 Acetaldehyde 0.000229 VOC
NH3 Ammonia 0.0108 PMsg
120127 Anthracene 0.000000525 PM, 5
7440382 Arsenic 0.0004 PMio
56553 Benz[a]Anthracene 0.000000567 PM3 s
71432 Benzene 0.0000098 VOC
50328 Benzo[a]Pyrene 0.000002 PMsg
205992 Benzo[b]Fluoranthene 0.000004 PMso
191242 Benzo[g,h,l,]Perylene 0.000000128 PM; s
207089 Benzo[k]Fluoranthene 0.000002 PMso
7440417 Beryllium 0.000000546 PMio
7440439 Cadmium 0.0000059 PMio
16065831 Chromium 111 0.000396 PMio
18540299 Chromium VI 0.000204 PMio
218019 Chrysene 9.93E-08 PM2 s
7440484 Cobalt 0.000292 PMio
628 Dioxin 0.000000002 PMyo
206440 Fluoranthene 0.000000312 PM. s
86737 Fluorene 0.000000695 PM, 5
50000 Formaldehyde 0.00157 VOC
118741 HCB 0.000000016 PMio
193395 Indenol1,2,3-c,d]Pyrene 0.000004 PMso
7439921 Lead 0.00006 PMio
7439965 Manganese 0.0000573 PMio
7439976 Mercury 0.0000014 PMio
91203 Naphthalene 0.0000199 PM, 5
7440020 Nickel 0.0154 PMio
85018 Phenanthrene 0.000000794 PM; s
7723140 Phosphorous 0.00438 PMso
1336363 Polychlorinated Biphenyls 0.0000002 PMig
129000 Pyrene 0.000000553 PMa.s
7782492 Selenium 0.00000908 PMio
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Table 4-8. Category 3 HAP Speciation Profile for Maneuvering Activities

Pollutant Code Pollutant Fraction Speciation Basis
83329 Acenaphthene 0.00000034 PMg s
208968 Acenaphthylene 0.000000525 PM3 s
75070 Acetaldehyde 0.000229 VOC
NH3 Ammonia 0.00238 PMio
120127 Anthracene 0.000000525 PM, 5
7440382 Arsenic 8.74126E-05 PMig
56553 Benz[a]Anthracene 0.000000567 PM3 s
71432 Benzene 0.0000098 VOC
50328 Benzo[a]Pyrene 4.37063E-07 PMio
205992 Benzo[b]Fluoranthene 8.74126E-07 PMio
191242 Benzo[g,h,l,]Perylene 0.000000128 PM; s
207089 Benzo[k]Fluoranthene 4.37063E-07 PMio
7440417 Beryllium 0.000000546 PMio
7440439 Cadmium 0.0000226 PMyo
16065831 Chromium 111 0.00012672 PMio
18540299 Chromium VI 0.00006528 PMio
218019 Chrysene 9.93E-08 PM2 s
7440484 Cobalt 0.0000594 PMio
628 Dioxin 4.37063E-10 PMyo
206440 Fluoranthene 0.000000312 PM. s
86737 Fluorene 0.000000695 PM, 5
50000 Formaldehyde 0.00157 VOC
118741 HCB 3.4965E-09 PMio
193395 Indenol1,2,3-c,d]Pyrene 8.74126E-07 PMio
7439921 Lead 1.39642E-05 PMio
7439965 Manganese 0.0000573 PMio
7439976 Mercury 2.7076E-07 PMio
91203 Naphthalene 0.0000199 PM, 5
7440020 Nickel 0.003250219 PMio
1336363 PCB 4.37063E-08 PMio
85018 Phenanthrene 0.000000794 PM3 s
7723140 Phosphorous 0.00179 PMio
129000 Pyrene 0.000000553 PMa.s
7782492 Selenium 1.9125E-06 PMio
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Table 4-9. Category 3 HAP Speciation Profile for Maneuvering Activities

Pollutant Code Pollutant Fraction Speciation Basis
83329 Acenaphthene 0.00000034 PMg s
208968 Acenaphthylene 0.000000525 PM3 s
75070 Acetaldehyde 0.000229 VOC
NH3 Ammonia 0.00477 PMio
120127 Anthracene 0.000000525 PM, 5
7440382 Arsenic 0.000174825 PMig
56553 Benz[a]Anthracene 0.000000567 PM3 s
71432 Benzene 0.0000098 VOC
50328 Benzo[a]Pyrene 8.74126E-07 PMio
205992 Benzo[b]Fluoranthene 1.74825E-06 PMio
191242 Benzo[g,h,l,]Perylene 0.000000128 PM; s
207089 Benzo[k]Fluoranthene 8.74126E-07 PMio
7440417 Beryllium 0.000000546 PMio
7440439 Cadmium 0.0000226 PMyo
7440473 Chromium 0.000192 PMio
16065831 Chromium 111 0.00012672 PMio
18540299 Chromium VI 0.00006528 PMio
218019 Chrysene 9.93E-08 PM2s
7440484 Cobalt 0.000154 PMyo
628 Dioxin 8.74126E-10 PMio
206440 Fluoranthene 0.000000312 PM; s
86737 Fluorene 0.000000695 PM, s
50000 Formaldehyde 0.00157 VOC
118741 HCB 6.99301E-09 PMio
193395 Indeno[1,2,3-c,d]Pyrene 1.74825E-06 PMio
7439921 Lead 0.0000262 PMyo
7439965 Manganese 0.0000573 PMio
7439976 Mercury 5.24476E-07 PMig
91203 Naphthalene 0.0000199 PM2 s
7440020 Nickel 0.00589 PMio
1336363 PCB 8.74126E-08 PMyo
85018 Phenanthrene 0.000000794 PM.s
7723140 Phosphorus 0.00573 PMio
129000 Pyrene 0.000000553 PMa.s
7782492 Selenium 0.00000348 PMig
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5.0 Projection Factors

ERG based projected commercial marine vessel activities for Texas ports on the carbon
dioxide (COz2) emission estimates from the business as usual (BAU) Global Scenario 13
developed in the International Maritime Organization’s (IMO) Third Green House Gas
Study (2014). CO2 tends to be strongly correlated to fuel combustion as it is based on the
carbon content of the fuel which tends to be relatively constant over time. It should be
noted that the projection profiles in the IMO study represent the most current economic
information on the marine vessel activities developed by an international consortium of
leading experts. Studies that have been implemented prior to the global economic
decline in 2008 and the uncertain period of recovery (2009-12) tend to overestimate
projected growth in the sector. The IMO team addressed the still lingering uncertainties
about future trends by providing four different BAU scenarios (13, 14, 15, and 16). All
four of the BAU scenarios assumed modest engine efficiency improvement (no control
options), no further expansion of global Emission Control Areas (ECA,) and limited use
of liquefied natural gas (LNG). In the IMO report a wide range of control options were
also included in BAU projection scenarios 1-12. It should be noted that none of these
control options were used in projecting marine vessel activities for this TCEQ project. To
insure that projected activities were not underestimated, BAU Scenario 13 was used as it
assumed the highest level of projected growth.

Additional research supported this assessment, including the assessment developed by
the Center for Transportation Research and Texas Transportation Institute for the
“Trade Flows and Texas Gulf Ports: Panama Canal Expansion and South American
Markets” (August 2013) report. This assessment suggests that international cargo
volume will gradually increase as noted in the IMO BAU projections concurrent with an
increase in vessel size due to the Panama Canal expansion, providing less vessel traffic
with fewer emissions per cargo ton-mile. ERG reviewed other references such as the
U.S. Department of Transportation Bureau of Transportation Statistics 2014 (TranStat
2014), the U.S. Department of Energy’s Annual Energy Outlook (EIA 2014), and the
Organization for Economic Co-operation and Development (OECD) Economic Outlook
(2014) to ensure that projected vessel traffic estimates are reasonable. Table 5-1 lists
forecasting and backcasting factors.

Note the projections provided in the IMO report did not account for recent changes in
fuel costs. ERG anticipates that these changes may have limited impact on marine vessel
activities as projected fuel usage in Texas ports will require fuels that comply with
recently implemented emissions control area standards. Conversely, if vessels use high
sulfur content fuels, they will need to install scrubbers to ensure that emissions are
comparable with those from the use of low sulfur fuels.



Table 5-1. 2013-Based Commercial Marine
Vessel Activity Growth Factors Based on
Uncontrolled CO2

CO; Emissions

Growth ratio from

Year (million tonnes) 2013 base year

2008 940 1.16
2009 873 1.08
2010 790 0.98
2011 871 1.08
2012 816 1.01
2013 816 1.00
2014 816 1.00
2015 810 0.99
2016 830 1.02
2017 850 1.04
2018 870 1.07
2019 890 1.09
2020 910 1.12
2021 948 1.16
2022 986 1.21
2023 1,024 1.25
2024 1,062 1.30
2025 1,100 1.35
2026 1,120 1.37
2027 1,140 1.40
2028 1,160 1.42
2029 1,180 145
2030 1,200 1.47
2031 1,260 1.54
2032 1,320 1.62
2033 1,380 1.69
2034 1,440 1.76
2035 1,500 1.84
2036 1,580 1.94
2037 1,660 2.03
2038 1,740 2.13
2039 1,820 2.23
2040 1,900 2.33
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ERG matched projected activity to the appropriate future year emission factors in

Table 6-1 to account for federal rules that are implemented relative to the year that the
marine engine was originally manufactured, such that full benefit of the rule would
occur in the future once fleet turnover was completed. ERG made additional
adjustments to future year emissions estimates to account for compliance with
emissions control area fuel sulfur standards and Texas Emissions Reduction Plan
(TERP) investments. The TERP program provides grants to eligible businesses to reduce
emissions from polluting vehicles and equipment. Appendix A includes a complete list
of control programs addressed in this inventory.



6.0 Emissions Calculations for AIS Data

ERG estimated emissions as a function of vessel power demand multiplied by an
emission factor, where the emission factor is expressed in terms of grams per kilowatt
hour (g/kWh). ERG then applied emission factors and propulsion engine load to the
activity data to estimate emissions. Below is the basic equation used to estimate port
emissions:

DE=MCRXLFxXAXEFxD

Where:
DE = Emissions from the engine(s), usually calculated as grams of
emissions per day
MCR = Maximum continuous rated engine power, KW
LF = Load factor
A = Activity, hours
EF = Emission factor (g/kWh)
D = Conversion of annual emissions to summer season daily

emissions (1 year / 365 days)

Example: AIS Vessel Emission Calculation

The example uses a category 3 vessel with main engines of 10,590 kW and has annual
hrs of 150 on a certain shipping land, which it operates at a load factor of 0.54. Using the
equation directly above, ERG estimated the NOx emissions using a NOx emission factor
of 14.79 g/kWh and a gram to ton conversion factor of 1.10231E-6:

DE=MCRXLFxAXEFxD

DE = 10,590 kW x 0.54 x 150 hours *14.79 g/kWh x 1.10231 E-6 ton/g x 1/365
DE = 0.038 tons per day

Both controlled and uncontrolled emissions estimates were calculated using the
emission factors in Section 4.0. Because the AlIS data note the actual vessel speed and
the IHS data provide maximum design speed, the engine load can be calculated directly.
Where the engine load is below 20 percent, the emission factors in Tables 4-1 through
4-4 were adjusted for low load using the adjustment factors presented in Table 6-1,
obtained from 2009 EPA port emissions inventory guidance (EPA 2009). The emissions
estimates were multiplied by the adjustment factors to estimate the increase in
emissions associated with low operating loads. Since data review indicated no



significant seasonality in the AIS data, the annual values were divided by 365 to obtain
ozone season daily emissions values.

Table 6-1. Emissions Adjustment Factors for Operating Loads Less

Than 20%

Load NOx \Yel® HC Co SO CO2 PMio | PMzs
0.01 1147 | 6232 | 59.28 19.32 5.99 5.82 19.17 19.17
0.02 4.63 22.27 21.18 9.68 3.36 3.28 7.29 7.29
0.03 2.92 12.28 11.68 6.46 2.49 2.44 4.33 4.33
0.04 221 8.11 7.71 4.86 2.05 2.01 3.09 3.09
0.05 1.83 5.9 5.61 3.89 1.79 1.76 2.44 2.44
0.06 16 457 4.35 3.25 161 1.59 2.04 2.04
0.07 1.45 37 3.52 2.79 1.49 1.47 1.79 1.79
0.08 1.35 3.1 2.95 2.45 1.39 1.38 1.61 1.61
0.09 1.27 2.65 2.52 2.18 1.32 1.31 1.48 1.48
0.10 1.22 2.31 2.2 1.96 1.26 1.25 1.38 1.38
0.11 1.17 2.06 1.96 1.79 121 121 1.3 1.3
0.12 114 1.85 1.76 1.64 1.18 1.17 1.24 1.24
0.13 111 1.68 16 1.52 114 114 119 119
0.14 1.08 1.55 1.47 141 111 111 1.15 1.15
0.15 1.06 1.43 1.36 1.32 1.09 1.08 111 111
0.16 1.05 1.32 1.26 1.24 107 1.06 1.08 1.08
0.17 1.03 1.24 1.18 1.17 1.05 1.04 1.06 1.06
0.18 1.02 1.17 111 111 1.03 1.03 1.04 1.04
0.19 101 11 1.05 1.05 101 101 1.02 1.02
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7.0 Results

Tables 7-1 and 7-2 present the total statewide annual CMV activity (kWh) and emissions
(tons) for criteria pollutants by SCC for the year 2014. Tables 7-3 through 7-6 present
the controlled criteria emissions for 2014 by county and by SCC. Table 7-7 shows the
total statewide annual CMV activity and criteria emissions by year for all years 2008-
2040.

As a quality assurance step, the backcasted 2011 inventory developed in this effort was
compared against the previously developed 2011 inventory. Overall activity levels were
approximately 35% higher than previous estimates as shown in Table 7-8, due in large
part to the increase in Category 1 and 2 underway activities. The use of AlS data in this
effort captured significantly more Category 1 and 2 vessels than in the past, and they
have much higher hours of operation in state waters compared to larger Category 3
vessels. Category 3 underway activities are in line with previous estimates, but in-port
estimates are much lower than previously estimated. In the previous estimate, an
assumption was made that 11.75% of activities were in port; however, AlS data included
true hours of operation when vessels were not moving, such that ERG could more
accurately estimate emissions associated with auxiliary engines. Port activities were
estimated to be around 8.77% of total activity using AlIS for this project. In addition, AIS
data allowed ERG to estimate actual operating loads whereas the previous inventory
used EPA load assumptions. The operating loads for this inventory in port were
significantly smaller.

Emissions decreased from 2008 to around 2020 and then begin to increase from
around 2020 to 2040. This is due to two main reasons. First, activity estimates remain
relatively consistent prior to 2020, at which point it increases more dramatically as
shown in Table 5-1. In addition to increasing activity levels, there are also changes to the
emission factors over time due to compliance with the EPA’s engine exhaust standards.
Note this standard applies to newly manufactured engines that undergo major engine
maintenance, so the anticipated emission reductions occur gradually as the current fleet
is fully replaced with new engines. There are also fuel-related ECA standards that
caused SOz and PM to decrease as cleaner lower sulfur fuels are used.

While this inventory effort provides a higher level of detail than in previous efforts for
the larger vessels that use AlS transponders, future improvements could be made.
Additional port activity data from Category 1 and 2 vessels could improve maneuvering
estimates over the assumed 11.75% used for this project. As more and smaller vessels
adopt AIS technology, AlIS data will provide increasing vessel population and activity
data over what is currently available. Additionally, engaging ports in future inventory
efforts could provide valuable insight on the activity patterns between and within
different ports and anticipated emission control or fuel conservation initiatives. Finally,
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inclusion of visiting naval vessel activity could be an improvement if activity and vessel
data can be obtained.



Table 7-1. 2014 Annual Statewide Controlled Criteria Emissions by SCC (tons)

2014 Annual Statewide Controlled Criteria Emissions by SCC (tons)

SCC SCC Description Activity (kwh)
COo NOx PMio PMa.s SO» VOC
2280002100 Category 1 and 2 Port 105,534,576 537.51 1,817.13 29.24 28.37 10.86 39.55
2280002200 | Category 1 and 2 Underway 792,632,032 4,037.01 13,647.81 219.65 213.06 81.56 297.02
2280003100 Category 3 Port 11,210,592 18.10 184.31 7.46 6.81 58.83 8.09
2280003200 Category 3 Underway 422,984,032 730.53 7,136.25 294.08 268.82 2,263.04 351.00
Total 1,332,361,232 5,323 22,785 550 517 2,414 696
Table 7-2. 2014 Annual Statewide Uncontrolled Criteria Emissions by SCC (tons)
sce SCC Description Activity (kWh) 2014 Annual Statewide Uncontrolled Criteria Emissions by SCC (tons)
Cco NOx PMio PMa.s SO, VOC
2280002100 Category 1 and 2 Port 105,534,576 567.61 2,372.87 67.13 65.12 40.78 41.11
2280002200 Category 1 and 2 Underway 792,632,032 4,263.14 17,821.77 504.21 489.08 306.32 308.78
2280003100 Category 3 Port 11,210,592 18.10 200.02 16.95 15.58 125.76 8.09
2280003200 Category 3 Underway 422,984,032 730.53 7,744.70 668.58 614.46 4,837.69 351.00
Total 1,332,361,232 5,579 28,139 1,257 1,184 5,311 709
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Table 7-3. 2014 Annual Controlled Criteria Emissions by County for
Category 1 and 2 Vessel Port Activities (tons)

Name CO HC NOx PMio PMz.s SO; VvVOC
Aransas 55.20290 2.93326 | 212.64187 | 3.27151 | 3.17337 1.28990 3.49988
Brazoria 30.16566 0.84403 79.21021 | 142448 | 1.38174 0.45853 2.70082
Calhoun 27.38711 111695 | 89.07980 | 1.45642 | 1.41273 0.53730 1.99517
Cameron 6.18776 0.32688 23.91261 | 0.36898 | 0.35792 0.14528 0.39154
Chambers 4.62668 0.10031 | 10.68390 | 0.20173 | 0.19568 0.06255 0.41767
Galveston 115.48770 5.00008 | 380.63878 | 6.13673 | 5.95263 2.25885 8.72418
Harris 61.54444 2.25513 | 184.14987 | 3.10641 | 3.01322 1.07204 5.18366
Jefferson 51.97064 2.04802 | 161.81068 | 2.66941 | 2.58933 0.95188 4.18869
Kenedy 23.40026 1.30820 | 93.95305 | 1.42933 | 1.38645 0.57387 1.38978
Kleberg 0.50954 0.01148 1.17842 | 0.02202 | 0.02136 0.00693 0.04504
Matagorda 29.41985 0.87277 | 80.04154 | 1.41648 | 1.37399 0.46963 2.52648
Nueces 17.56654 0.78756 60.11897 | 0.96432 | 0.93539 0.35786 1.30739
Orange 39.67497 1.97356 | 146.67449 | 2.29122 | 2.22248 0.88960 2.61383
Refugio 0.00143 0.00002 0.00296 | 0.00006 | 0.00006 | 0.00002 0.00016
San Patricio 56.38427 3.08929 | 222.75310 | 3.40378 | 3.30166 1.35717 3.44013
Victoria 9.26840 0.47470 35.25827 | 0.54943 | 0.53294 0.21342 0.60597
Willacy 0.03425 0.00085 0.08312 | 0.00155 | 0.00150 0.00046 0.00333
Total 290 12.822 986.024 15.854 15.378 5.893 21.304

Table 7-4. 2014 Annual Controlled Criteria Emissions by County for
Category 1 and 2 Vessel Underway Activities (tons)

Name Activity (KWh) co NOx PMw | PM.s | SO, VOC
Aransas 99,398,858 | 414.6090 | 1,597.0762 | 24.5712 | 23.8340 | 9.6880 | 26.2863
Brazoria 28,167,646 | 226.5634 | 594.9192 | 10.6987 | 10.3778 | 3.4439 | 20.2849
Calhoun 38,035,532 | 205.6947 | 669.0462 | 10.9387 | 10.6105 | 4.0354 | 14.9850
Cameron 11,145,670 | 46.4740 | 179.5990 | 2.7713 | 2.6882 | 1.0912 | 2.9407
Chambers 3,405,681 | 34.7493 80.2429 | 15151 | 14697 | 0.4698 | 3.1370
Galveston 165,031,048 | 867.3863 | 2,858.8402 | 46.0908 | 44.7080 | 16.9654 | 65.5242
Harris 73,899,558 | 462.2380 | 1,383.0830 | 23.3311 | 22.6312 | 8.0517 | 38.9326
Jefferson 67,375,122 | 390.3327 | 1,215.3015 | 20.0490 | 19.4475 | 7.1492 | 31.4597
Kenedy 44,688,315 | 175.7509 | 705.6474 | 10.7352 | 10.4131 | 4.3102 | 10.4382
Kleberg 384,581 | 3.8270 8.8507 | 0.1654 | 0.1605 | 0.0520 | 0.3383
Matagorda 29,516,848 | 220.9619 | 6011631 | 10.6387 | 10.3195 | 3.5272 | 18.9755
Nueces 26,326,972 | 131.9359 | 4515318 | 7.2426 | 7.0254 | 2.6877 | 9.8194
Orange 67,133,416 | 297.9843 | 1,101.6191 | 17.2085 | 16.6923 | 6.6815 | 19.6315
Refugio 664 | 0.0108 0.0222 | 0.0005 | 0.0005 | 0.0001 | 0.0012
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Table 7-4. 2014 Annual Controlled Criteria Emissions by County for
Category 1 and 2 Vessel Underway Activities (tons)

Name Activity (kwh) CO NOx PMio PMo; s SO2 VOC
San Patricio 105,237,744 | 423.4819 | 1,673.0180 | 25.5645 | 24.7976 | 10.1932 | 25.8375
Victoria 16,214,403 69.6116 264.8121 4.1265 | 4.0027 | 1.6029 4.5512
Willacy 27,082 0.2573 0.6243 0.0116 0.0113 | 0.0035 | 0.0250
Total 430,804,704 | 2,176.39 7,405.67 119.07 115.50 44.26 160.01

Table 7-5. 2014 Annual Controlled Criteria Emissions by County for
Category 3 Vessel In-Port Activities (tons)

Name Activity(kwWh) CO NOx PMio | PM2s SO2 VOC
Aransas 1,787,430 | 3.0649 | 29.8154 | 1.2184 | 1.1138 | 9.5414 1.3960
Brazoria 216,364 | 0.3514 3.5619 | 0.1442 | 0.1318 1.1371 0.1574
Calhoun 63,401 | 0.1155 1.0739 | 0.0444 | 0.0405 | 0.3446 | 0.0536
Cameron 28,555 | 0.0489 0.4761 | 0.0195 | 0.0178 | 0.1524 | 0.0223
Galveston 7,247,903 | 11.4658 | 118.5931 | 4.7805 | 4.3698 | 37.8209 5.0821
Harris 975,648 | 1.5535 | 15.9844 | 0.6452 | 0.5898 | 5.0974 | 0.6936
Jefferson 425,779 | 0.6929 7.0131 | 0.2840 | 0.2596 | 2.2392 0.3102
Matagorda 121,138 | 0.2140 2.0357 | 0.0836 | 0.0764 | 0.6523 | 0.0984
Nueces 241,992 | 0.3862 3.9677 | 0.1602 | 0.1464 | 1.2658 0.1717
Orange 14,354 | 0.0254 0.2414 | 0.0099 | 0.0091 | 0.0774 0.0117
San Patricio 88,028 | 0.1837 1.5469 | 0.0655 | 0.0598 | 0.4995 | 0.0885

Total | 11,210,592.044 | 18.102 | 184.310 7.455 6.815 | 58.828 8.085

Table 7-6. 2014 Annual Controlled Criteria Emissions by County for
Category 3 Vessel Underway Activities (tons)

Name Activity (KWh) co NOx PMo PMz.s SO» VOC
Aransas 9,509,581 16.402 | 161.156 6.661 6.089 50.858 8.057
Brazoria 5,558,654 10.532 | 97.941 4.155 3.798 30.585 5.642
Calhoun 3,843,226 6.826 65.210 2.699 | 2.467 20.734 3.293
Cameron 1,231,716 2.553 22.197 0.956 | 0.873 6.976 1.379
Galveston | 252,967,078 412.249 | 4,178.500 | 169.627 | 155.055 | 1,331.044 | 187.544
Harris 76,394,306 145780 | 1,338.792 | 56.604 | 51.742 421.287 | 75.882
Jefferson 38,142,957 73.207 | 667.284 |28.185 | 25764 | 210.734 | 37.669
Matagorda | 3,132,462 5.402 52.844 2.177 1.990 16.752 2.596
Nueces 20,672,012 36.435 | 353.456 | 14.698 | 13.435 111.263 18.288
Orange 2,507,643 6.445 49.794 2.267 2.072 15.336 3.953
San Patricio | 9,024,396 14698 | 149.078 | 6.052 | 5532 47.477 6.694
Total 422,984,032 73053 | 7136.25 |294.08 |268.82 |2263.04 | 351.00
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Table 7-7. Statewide Annual Controlled Criteria Emissions for Commercial
Marine Vessels by Year (tons)

Year Activity (kwh) CO NOx PMio PMo; s SO2 VOC

2008 2,049,057,049 | 8,549.63 | 42,016.13 | 1,735.50 1,642.92 | 6,340.14 942.79
2009 1,905,231,821 | 7,883.91 | 37,895.12 | 1,614.37 1,528.23 | 5,901.99 876.81
2010 1,726,317,162 | 7,085.34 | 33,295.73 | 1,087.69 1,038.51 | 2,657.38 794.70
2011 1,902,920,155 7,747.17 | 35,644.21 | 1,198.81 1,144.61 | 2,841.53 875.56
2012 1,781,262,976 | 7,193.76 | 32,373.82 | 1,079.68 1,030.25 | 2,547.74 818.72
2013 1,552,663,079 | 6,233.43 | 27,577.41 651.77 615.36 | 2,435.89 758.59
2014 1,332,361,232 | 5,323.15 | 22,785.50 550.43 517.06 | 2,414.29 695.65
2015 1,331,043,131 | 5,277.24 | 21,979.01 | 386.04 364.95 916.68 681.25
2016 1,362,917,228 | 5,364.62 | 21,645.34 314.77 295.53 942.67 | 688.82
2017 1,386,493,275 | 5,418.36 | 20,942.16 295.77 276.92 959.83 687.27
2018 1,423,704,980 | 5,524.72 | 20,355.26 278.49 259.87 985.46 691.98
2019 1,452,618,635 | 5,597.56 | 19,653.72 | 283.70 264.75 419.77 690.81
2020 1,489,830,339 | 5,702.46 | 19,059.03 213.03 199.66 431.05 694.72
2021 1,546,425,893 | 5,879.67 | 18,751.94 | 220.90 207.05 446.77 704.75
2022 1,611,319,497 | 6,086.41 | 18,543.13 | 230.24 215.79 465.76 719.49
2023 1,667,915,051 | 6,259.56 | 18,059.33 | 238.03 223.11 481.13 728.22
2024 1,729,113,388 | 6,449.50 | 17,688.59 247.03 231.54 499.65 740.70
2025 1,790,311,726 | 6,637.80 | 17,330.68 | 256.04 239.96 518.04 752.42
2026 1,826,615,914 | 6,731.42 | 16,712.16 260.53 244.20 526.37 | 749.00
2027 1,863,827,618 | 6,829.75 | 16,163.80 265.92 249.25 537.33 749.18
2028 1,892,741,273 | 6,897.57 | 15,497.04 269.81 252.91 544.91 744.45
2029 1,917,635,422 | 6,954.48 | 14,860.77 274.21 257.00 554.64 742.92
2030 1,934,231,521 | 6,990.54 | 14,147.04 276.99 259.78 560.62 737.43
2031 1,992,317,869 7,185.71 | 13,878.47 287.47 269.32 584.06 753.33
2032 2,058,702,266 | 7,413.99 | 13,656.34 299.32 280.33 610.42 773.66
2033 2,116,788,613 | 7,612.59 | 13,355.63 | 309.66 289.93 633.37 | 789.20
2034 2,174,874,960 | 7,811.87 | 13,026.24 319.98 299.52 656.26 | 804.45
2035 2,241,259,357 | 8,042.22 | 12,758.24 331.78 310.49 682.42 823.72
2036 2,324,239,854 | 8,333.32 | 12,585.40 346.55 324.21 715.18 851.42
2037 2,398,922,300 | 8,594.54 | 12,417.02 | 359.80 336.52 744.50 876.73
2038 2,481,902,796 | 8,886.22 | 12,447.84 374.52 350.20 777.05 907.95
2039 2,564,883,293 | 9,178.15 | 12,539.58 | 389.22 363.85 809.48 939.62
2040 2,647,863,789 | 9,470.08 | 12,657.92 | 403.89 377.48 841.80 972.27
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Table 7-8. Comparison of NOx Emissions and Activity between Previous 2011
Inventory and New Backcasted 2011 Inventory

Annual NOx Emissions (tons)

Annual Activity (kWh)

Previous 2011

New Controlled

Previous 2011

New Controlled

Category Inventory 2011 Inventory Inventory 2011 Inventory
Category 1 and 2 Port 106.5 3,206.53 58,723,578 168,493,820
Category 1 and 2 Underway 7,055.73 24,083.08 468,531,767 1,265,496,140
Category 3 Port 8,516.98 210.34 481,242,002 12,107,439
Category 3 Underway 7,083.10 8,144.26 385,166,793 456,822,754

Total 22,762 35,644 1,393,664,139 1,902,920,155
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Appendix A. CMV 2008 to 2040 Control Programs

Year | Programs Application | Notes Source
2008 | TERP Statewide Reduction by 1,632 tons this year | https://www.tceq.texas.gov/asse
to various counties (listed in ts/public/comm_exec/pubs/sfr/
detail in the TERP table) 079 _08.pdf
2009 | TERP Statewide Reduction by 1,688 tons this year | https://www.tceq.texas.gov/asse
to various counties (listed in ts/public/comm_exec/pubs/sfr/
detail in the TERP table) 079_08.pdf
Control of Emissions | Nationwide PM3 s reduced by 3 tons this year, | http://www.epa.gov/nonroad/4
of Air Pollution for VOC reduced by 7 tons this year 20d07001.pdf
Locomotive Engines
and Marine
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2010 | TERP Statewide Reduction by 1,190 tons this year | https://www.tceq.texas.gov/asse
to various counties (listed in ts/public/comm_exec/pubs/sfr/
detail in the TERP table) 079 _08.pdf
MARPOL Annex VI - | North 1.50% mass/mass (m/m) prior to | http://www.imo.org/OurWork/
SOy reduction America 1 July 2010 Environment/PollutionPreventio
(excluding n/AirPollution/Pages/Sulphur-
Mexico) oxides-(SOx)-%E2%80%93-
Regulation-14.aspx
MARPOL Annex VI - | North 1.00% m/m on and after 1 July http://www.imo.org/OurWork/
SOy reduction America 2010 Environment/PollutionPreventio
(excluding n/AirPollution/Pages/Sulphur-
Mexico) oxides-(SOx)-%E2%80%93-
Regulation-14.aspx
Control of Emissions | Nationwide PM3 s reduced by 6 tons this year, | http://www.epa.gov/nonroad/4
of Air Pollution for VOC reduced by 14 tons this year | 20d07001.pdf
Locomotive Engines
and Marine
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2011 TERP Statewide Reduction by 1,140 tons this year | https://www.tceq.texas.gov/asse
to various counties (listed in ts/public/comm_ exec/pubs/sfr/
detail in the TERP table) 079_08.pdf
MARPOL Annex VI - | North Tier 11 NOx reductions, ships http://www.imo.org/OurWork/
NOx reduction America constructed on or after Jan 1, Environment/PollutionPreventio
(excluding 2011; n <130: 14.4, n = 130- n/AirPollution/Pages/Nitrogen-
Mexico) 1999: 44-n(-0.23), n = 2000: 7.7; | oxides-(NOx)-%E2%80%93-
n = engine's rated speed (rpm), Regulation-13.aspx
units are g/kWh
Control of Emissions | Nationwide PM: s reduced by 8 tons this year, | http://www.epa.gov/nonroad/4

of Air Pollution for
Locomotive Engines
and Marine
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder

VOC reduced by 22 tons this year

20d07001.pdf
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https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Nitrogen-oxides-(NOx)-%E2%80%93-Regulation-13.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Nitrogen-oxides-(NOx)-%E2%80%93-Regulation-13.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Nitrogen-oxides-(NOx)-%E2%80%93-Regulation-13.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Nitrogen-oxides-(NOx)-%E2%80%93-Regulation-13.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Nitrogen-oxides-(NOx)-%E2%80%93-Regulation-13.aspx
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf

Appendix A. CMV 2008 to 2040 Control Programs

Year | Programs Application | Notes Source
2012 | TERP Statewide Reduction by 850 tons this year https://www.tceq.texas.gov/asse
to various counties (listed in ts/public/comm_exec/pubs/sfr/
detail in the TERP table) 079 _08.pdf
Control of Emissions | Nationwide PMz25 reduced by 76 tons this http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 1,463 tons | 07001.pdf
Locomotive Engines this year, VOC reduced by
and Marine 152 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2013 | TERP Statewide Reduction by 767 tons this year https://www.tceq.texas.gov/assets/
to various counties (listed in public/comm_exec/pubs/sfr/079_0
detail in the TERP table) 8.pdf
Control of Emissions | Nationwide PMz25 reduced by 321 tons this http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 4,935 tons | 07001.pdf
Locomotive Engines this year, VOC reduced by
and Marine 383 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2014 | TERP Statewide Reduction by 595 tons this year https://www.tceq.texas.gov/assets/
to various counties (listed in public/comm_exec/pubs/sfr/079_0
detail in the TERP table) 8.pdf
Control of Emissions | Nationwide PMz2s reduced by 776 tons this http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 17,326 tons | 07001.pdf
Locomotive Engines this year, VOC reduced by
and Marine 837 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2015 | TERP Statewide Reduction by 428 tons this year https://www.tceq.texas.gov/assets/
to various counties (listed in public/comm_exec/pubs/sfr/079_0
detail in the TERP table) 8.pdf
MARPOL Annex VI - | North 0.10% m/m on and after 1 http://www.imo.org/OurWork/Envi
SO, reduction America January 2015 ronment/PollutionPrevention/AirPo
(excluding llution/Pages/Sulphur-oxides-
Mexico) (SOX)-%E2%80%93-Regulation-
14.aspx
Control of Emissions | Nationwide PM3 s reduced by 1,149 tons this http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 29,723 tons | 07001.pdf
Locomotive Engines this year, VOC reduced by 1,290
and Marine tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2016 | TERP Statewide Reduction by 296 tons this year https://www.tceq.texas.gov/assets/

to various counties (listed in
detail in the TERP table)

public/comm_exec/pubs/sfr/079_0
8.pdf
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https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxides-(SOx)-%E2%80%93-Regulation-14.aspx
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf

Appendix A. CMV 2008 to 2040 Control Programs

Year | Programs Application | Notes Source
MARPOL Annex VI - | In ECA only Tier 111 NOx reductions, ships http://www.imo.org/QurWork/Envi
NOx reduction (North constructed on or after Jan 1, ronment/PollutionPrevention/AirPo
America 2016; n < 130: 3.4, n = 130-1999: | llution/Pages/Nitrogen-oxides-
excluding 9:n(-0.2), n = 2000: 2.0; n = (NOX)-%E2%80%93-Regulation-
. L . 13.aspx
Mexico) engine's rated speed (rpm), units
are g/kWh
Control of Emissions | Nationwide PM: s reduced by 1,740 tons this http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 49,151 tons | 07001.pdf
Locomotive Engines this year, VOC reduced by 1,848
and Marine tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2017 | TERP Statewide Reduction by 249 tons this year https://www.tceq.texas.gov/assets/
to various counties (listed in public/comm_exec/pubs/sfr/079_0
detail in the TERP table) 8.pdf
Control of Emissions | Nationwide PM3 s reduced by 2,469 tons this http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 71,006 tons | 07001.pdf
Locomotive Engines this year, VOC reduced by 2,497
and Marine tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2018 | TERP Statewide Reduction by 217 tons this year to | https://www.tceq.texas.gov/assets/
various counties (listed in detail public/comm_exec/pubs/sfr/079_0
in the TERP table) 8.pdf
Control of Emissions | Nationwide PM: s reduced by 3,245 tons this http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 94,975 tons | 07001.pdf
Locomotive Engines this year, VOC reduced by
and Marine 3,183 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2019 | TERP Statewide Reduction by 217 tons this year to | https://www.tceq.texas.gov/assets/
various counties (listed in detail public/comm_exec/pubs/sfr/079_0
in the TERP table) 8.pdf
Control of Emissions | Nationwide PM: s reduced by 4,019 tons this http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 118,882 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 3,867 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2020 | TERP Statewide Reduction by 33 tons this year to | https://www.tceq.texas.gov/assets/

various counties (listed in detail
in the TERP table)

public/comm_exec/pubs/sfr/079_0
8.pdf
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http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Nitrogen-oxides-(NOx)-%E2%80%93-Regulation-13.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Nitrogen-oxides-(NOx)-%E2%80%93-Regulation-13.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Nitrogen-oxides-(NOx)-%E2%80%93-Regulation-13.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Nitrogen-oxides-(NOx)-%E2%80%93-Regulation-13.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Nitrogen-oxides-(NOx)-%E2%80%93-Regulation-13.aspx
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf

Appendix A. CMV 2008 to 2040 Control Programs

Year | Programs Application | Notes Source
Control of Emissions | Nationwide PM s reduced by 4,808 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 142,666 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 4,545 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2021 | TERP Statewide Reduction by 33 tons this year to | https://www.tceq.texas.gov/assets/
various counties (listed in detail public/comm_exec/pubs/sfr/079_0
in the TERP table) 8.pdf
Control of Emissions | Nationwide PM: s reduced by 5,644 tons this http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 166,339 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 5,218 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2022 | TERP Statewide Reduction by 23 tons this year to | https://www.tceq.texas.gov/assets/
various counties (listed in detail public/comm_exec/pubs/sfr/079_0
in the TERP table) 8.pdf
Control of Emissions | Nationwide PM: s reduced by 6,491 tons this http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 189,855 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 5,883 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2023 | TERP Statewide Reduction by 1 ton this year to https://www.tceq.texas.gov/assets/
various counties (listed in detail public/comm_exec/pubs/sfr/079_0
in the TERP table) 8.pdf
Control of Emissions | Nationwide PM: s reduced by 7,347 tons this http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 213,181 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 6,539 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2024 | TERP Statewide Reduction by 1 ton this year to https://www.tceq.texas.gov/assets/
various counties (listed in detail | Rublic/comm_exec/pubs/sfr/079_0
in the TERP table) 8.pdf
Control of Emissions | Nationwide PM2 s reduced by 8,210 tons this | http://www.epa.gov/nonroad/420d

of Air Pollution for
Locomotive Engines
and Marine
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder

year, NOx reduced by 236,257
tons this year, VOC reduced by
7,183 tons this year

07001.pdf
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http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/sfr/079_08.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf

Appendix A. CMV 2008 to 2040 Control Programs

Year | Programs Application | Notes Source
2025 | Control of Emissions | Nationwide PM_ 5 reduced by 9,064 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 258,828 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 7,794 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2026 | Control of Emissions | Nationwide PM_ s reduced by 9,899 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 280,771 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 8,360 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2027 | Control of Emissions | Nationwide PM2 s reduced by 10,711 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 301,951 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 8,880 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2028 | Control of Emissions | Nationwide PM2 s reduced by 11,503 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 322,410 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 9,360 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2029 | Control of Emissions | Nationwide PM2s reduced by 12,277 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 341,797 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 9,811 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2030 | Control of Emissions | Nationwide PM_ s reduced by 13,027 tons this | http://www.epa.gov/nonroad/420d

of Air Pollution for
Locomotive Engines
and Marine
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder

year, NOx reduced by 359,780
tons this year, VOC reduced by
10,225 tons this year

07001.pdf
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http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf
http://www.epa.gov/nonroad/420d07001.pdf

Appendix A. CMV 2008 to 2040 Control Programs

Year | Programs Application | Notes Source
2031 Control of Emissions | Nationwide PM_ s reduced by 13,752 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 376,481 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 10,605 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2032 | Control of Emissions | Nationwide PM_ 5 reduced by 14,458 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 392,324 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 10,960 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2033 | Control of Emissions | Nationwide PM2s reduced by 15,151 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 407,598 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 11,300 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2034 | Control of Emissions | Nationwide PM2 s reduced by 15,834 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 422,367 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 11,625 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2035 | Control of Emissions | Nationwide PM2 s reduced by 16,500 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 436,542 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 11,936 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2036 | Control of Emissions | Nationwide PM_ 5 reduced by 17,126 tons this | http://www.epa.gov/nonroad/420d

of Air Pollution for
Locomotive Engines
and Marine
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder

year, NOx reduced by 449,899
tons this year, VOC reduced by
12,228 tons this year

07001.pdf
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Appendix A. CMV 2008 to 2040 Control Programs

Year | Programs Application | Notes Source
2037 | Control of Emissions | Nationwide PM_ 5 reduced by 17,686 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 461,578 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 12,490 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2038 | Control of Emissions | Nationwide PM_ 5 reduced by 18,198 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 471,739 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 12,728 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2039 | Control of Emissions | Nationwide PM2 s reduced by 18,664 tons this | http://www.epa.gov/nonroad/420d
of Air Pollution for year, NOx reduced by 480,787 07001.pdf
Locomotive Engines tons this year, VOC reduced by
and Marine 12,947 tons this year
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder
2040 | Control of Emissions | Nationwide PM2 s reduced by 19,063 tons this | http://www.epa.gov/nonroad/420d

of Air Pollution for
Locomotive Engines
and Marine
Compression-
Ignition Engines
Less than 30 Liters
per Cylinder

year, NOx reduced by 488,838
tons this year, VOC reduced by
13,143 tons this year

07001.pdf
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