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Executive Summary

The tug and tow industry transports over 800 million tons of cargo each year (circa 2002), including over 60 percent of U.S. grain exports along the Nation’s inland river systems. It is a vital component of the Nation’s overall intermodal transportation network, moving freight efficiently and safely between markets. However, this economic workhorse comes at a cost to the public health and welfare. Most of the tug and tow fleet are driven by diesel engines, the exhaust from which contains large amounts of nitrogen oxides, particulate matter and toxic air contaminants. These pollutants are related to decreased water quality, elevated risks of cancer, heart attack, and other health problems, regional smog, and other issues. 

Because many tug and towboats are powered by older, uncontrolled engines, the relative amount of pollutants released are high. Also, along the 11,000 miles of the U.S. inland river system, particularly in the region of the Blue Skyways Collaborative, high tug and towboat activity has raised concern over their emissions and relationship to poor air quality. This report investigates and evaluates current and emerging methods to mitigate these emissions. It is intended to help tug and towboat operators, local ports authorities, regulatory agencies, and other interested parties identify and implement cost effective strategies to reduce tug and towboat emissions. 
This project was conducted in three phases. The first phase involved a review of the current industry and practices and surveyed and reviewed emission reduction and fuel efficiency improvement technologies and projects. All potential strategies of which we became aware during the course of this research are cataloged and qualitatively discussed – including availability, adoption, and feasibility. Table ES‑1 shows this list of strategies. During this phase of the project, we also identified two key ports in the Blue Skyways Collaborative region for further, detailed analysis: Metropolitan St. Louis, MO, and Houston, TX. 

Table ES‑1: Tug and Tow Emission Mitigation Strategies

	1
	Reduced Operating Speed
	1
	Diesel / Electric Hybrid Tug

	2
	Fuel Switching
	2
	Z-Drive / ASD

	3
	SECA
	3
	Engine Rebuild/Repower

	4
	Alternative fuels:
	4
	Engine Retrofits

	a
	Biodiesel
	5
	Articulated Tug Barge

	b
	Emulsified diesel
	6
	Fleet Replacement / Retirement

	c
	Ethanol, “E-diesel,” “oxydiesel,” or “Dxygenated Diesel (O2D)” 
	7
	Cold Ironing

	d
	Fuel Cell boats
	8
	Exhaust Aftertreatment Options:

	e
	Natural gas
	a
	Diesel Particulate Filters

	f
	Propane (LPG)
	b
	Diesel Oxidation Catalysts 

	g
	Synthetic fuels
	c
	Catalyzed Wire Mesh Filters 

	5
	Incentive Programs:
	d
	Selective Catalytic Reduction 

	a
	Reduced Port Fee Programs 
	e
	Lean NOx Catalyst 

	b
	Emissions Trading Programs
	f
	Sea-water Scrubbing 

	6
	Other Operational Strategies:
	9
	Efficiency Improvements:

	a
	Onboard computer efficiency optimization
	a
	Reduced parasitic loads 

	
	 
	b
	Shutting down idling engines and generators. 

	
	 
	c
	Reduced underwater hull friction. 

	
	 
	d
	Carousel tug 


The second phase of this project reviewed the full set of strategies and distilled the list into a condensed set to be further considered. This was done by conducting a qualitative, first-tier analysis and evaluation of each strategy. This analysis offers a quick summary of each of the mitigation strategies listed in Table ES‑1 and provides a simple “thumbs up”/”thumbs down” initial screening evaluation for each, based on appropriate professional judgment. It also provides a ranked list of strategies based on this simple, screening analysis. This analysis is not meant to be particularly detailed, but offers interested parties a simple overview of the “pros and cons” of each strategy in an easily accessible format. The results of this analysis include a subset of strategies that were considered most likely to be effective in the two sample ports.

The third phase represented final quantitative analysis of a subset of strategies and preparation of this summary report. As such, it presents a final review of the technologies and strategies available to mitigate emissions. To achieve this, we first determined a selected subset of seven strategies for which a comparison of emission reductions and cost effectiveness are conducted. These strategies are selected based on a compromise between their promise for applicability and community interest and limited resources available for research. These calculations and review are made at two key, sample ports in the Blue Skyways Collaborative region: Metropolitan St. Louis, MO, and Houston, TX. The selected strategies are: 

· Vessel Repowering

· Exhaust Aftertreatment with Diesel Particulate Filters (DPF)

· Exhaust Aftertreatment with Catalyzed Wire Mesh Filters (CWMF)

· Selective Catalytic Reduction (SCR)

· Reduced Vessel Operating Speeds

· Early Fuel Switching to Ultra Low Sulfur Diesel (ULSD)

Use of Biodiesel (B100).

To evaluate the cost effectiveness of each of these strategies, we first created an appropriate emission inventory for the ports of both St. Louis and Houston. For St. Louis, this involved estimating tug and tow boat emissions in the region from vessel activity; for Houston, the recently published port emission inventory was adapted. Table ES‑2 shows the relevant tug and tow boat emissions estimated here for the two regions. 

Table ES‑2: Estimated Tug and Tow Fleet Baseline Emissions in St. Louis (2005) and Houston (2007) 

	HP Bin
	Total Emissions (tons/year)
	Main Engines Only (tons/year)

	
	NOx
	CO
	PM10
	CO2
	NOx
	CO
	PM10
	CO2

	St. Louis Total
	 4,576 
	 437 
	 257.0 
	 256,369 
	 4,408 
	 412 
	 250.3 
	 244,750 

	Houston Total
	2,401
	516
	 109.3 
	 175,138 
	 2,374 
	 511 
	 107.1 
	 173,432 


Published and, where available, officially accepted reduction values and costs for each of the seven selected strategies were then applied in an annualized, fleet-wide approach to estimate the cost effectiveness of each approach. Of the seven strategies considered here, SCR showed the greatest overall reductions in NOx, while DPFs showed the greatest overall PM reductions, and CO reductions were comparable with DPFs, CWMFs, and B100. Reduced vessel operating speeds showed the greatest CO2 reductions. Vessel repowering, as envisioned here, showed to be the most cost effective strategy for reducing NOx, in St. Louis, although SCR and ULSD were comparable; vessel fuel switching to ULSD shows as the most cost effective NOx strategy in Houston. ULSD is the most cost effective PM reduction strategy in both areas, followed by DPFs and CWMFs, although it is worth noting that while ULSD is more than twice as cost effective for PM10 as DPFs and CWMFs, it is subsumed in the other strategies since they require the same fuel. Reducing vessel speeds is the most cost effective way to reduce CO2. Table ES‑3 shows the cost effectiveness of each strategy as estimated here. 

Table ES‑3: Summary of Estimated Cost Effectiveness, in Dollars per Short Ton, at Two Ports

	Strategy
	NOx
	CO
	PM10
	CO2

	
	St. Louis
	Houston
	St. Louis
	Houston
	St. Louis
	Houston
	St. Louis
	Houston

	Vessel Repowering
	$ 4,792
	$ 18,145
	n/a
	n/a
	$ 214,435
	$ 1,009,816
	n/a
	n/a

	Diesel Particulate Filters (DPF)
	n/a
	n/a
	$ 39,027
	$ 760,517
	$ 58,443
	$ 182,284
	n/a
	n/a

	Catalyzed Wire Mesh Filters
	$ 28,112
	$ 283,768
	$ 42,653
	$ 191,266
	$ 55,328
	$ 691,219
	n/a
	n/a

	SCR
	$ 5,009
	$ 40,633
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Reduced Vessel Operating Speeds
	$ 12,299
	n/a
	n/a
	n/a
	n/a
	n/a
	$ 221
	n/a

	Early Fuel Switching to ULSD
	$ 6,501
	$ 8,326
	$ 34,054
	$ 19,373
	$ 26,714
	$ 42,343
	n/a
	n/a

	Use of Biodiesel (B100)
	n/a
	n/a
	$ 90,831
	$ 51,504
	$ 154,386
	$ 243,895
	$ 331
	$ 324
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1. Introduction

Background

The US Environmental Protection Agency (EPA) has been promoting sustainability, performance improvement, and the reduction of pollutant emissions burden through collaborative exchange of sector experts and essential stakeholders. Specifically, EPA’s Sector Strategies Program (SSP) has helped reduce emissions from ports, both domestic and with international trading partners. SSP, in partnership with the American Association of Port Authorities (AAPA), has used pilot findings on Environmental Management Systems (EMS) pilot assistance projects and other sources to assist ports with achieving greater port sustainability, while EPA Office of Transportation and Air Quality (OTAQ) National Clean Diesel Campaign, via the Clean Ports USA program, has developed baseline emission inventories to help guide both ports and regulatory agencies on current emissions by sector and help target emissions reduction programs. 

Tug and towboats are an important part of the ports sector of SSP. Due to their activity profile—particularly along inland waterways—and their relatively large use of unregulated engines, they are of concern for public health and the environment.
 Marine shipping has been shown to be a major contributor to emissions of pollutants and has been linked to premature deaths worldwide. 
, 
 

This study was largely motivated by concerns among interested parties—particularly EPA Regions 6 and 7 and the Blue Skyways Collaborative—related to the amount of activity from tug and towboats throughout the region and the ensuing amount of air pollutants emitted. It is intended to identify technologies and strategies that can be used to mitigate tug and towboat emissions, particularly in the Blue Skyways region and provide a basis for regulatory agencies and tug and tow operators to engage to help mitigate these emissions. 

Purpose and Objective

The purposes of this task order are to: 

1.
Catalog and evaluate land- and sea-side technologies and operational strategies to reduce emissions from tug and towboats, both currently available and those that might become feasible in the near future; and 

2.
Provide the tug and towboat industry with guiding documentation allowing them to best select and employ strategies and technologies that maximize emissions reductions from this sector. 

These were accomplished in this project through three subtasks:

1. Surveying the tug and tow and related industries and developing a list of tug and towboat emission reduction projects. The objective of this list is to provide an overview of the industry involved in tug and tow operations and evaluate the current status of emissions mitigations from documented and undocumented materials. 

2. Assimilating the full set of potential emission reduction strategies developed in the first task into a targeted list and evaluating the emission reduction potential, technical feasibility, and costs of each. The objective of this full list is to provide criteria to objectively pare the full list of potential strategies to those that considered most applicable to the current tug and tow operations industry. This is achieved by:

a. Organizing the list of projects and strategies from Task 1 into appropriate sectors,

b. Compiling a single set of evaluations of emission reduction potential, technical feasibility, implementation status, and costs for each strategy. 

c. Ranking and selecting key strategies for further analysis.

3. Estimating the costs and results of application of selected, potential tug and tow boat emission reduction technologies at two ports, considering local information. This is achieved by:

a. Creating a simplified tugboat emission inventory for the port of St. Louis, MO, and extracting relevant sectors from the recently published Houston, TX, emission inventory. 

b. Applying reductions estimated in the prior analysis selected to characterize effectiveness for the local fleet, and 

c. Estimating the cost-effectiveness for strategies where costs are well characterized.
This document summarizes the results of each. 

The Blue Skyways Collaborative

The Blue Skyways Collaborative (BSC)
 is a partnership with non-profit and environmental groups, private industries and international, federal, state, and local governments striving to improve air quality and the quality of life in North America’s Heartland, including the border areas with Canada and Mexico, by reducing air pollution through voluntary collaborations and innovations in fuel and energy use. The BSC is driven by its participants pledge to make that goal possible through participation, planning, and/or implementation of projects that use innovations in diesel engines, alternative fuels and renewable energy technologies. The BSC allows members to work together, leverage funding, share technology and professional expertise to achieve its goals. 

Today Blue Skyways incorporates ten states (Minnesota, Iowa, Nebraska, Missouri, Kansas, Arkansas, Oklahoma, Louisiana, Texas, and New Mexico) and the area along the borders with Canada and Mexico. To achieve its goals, the BSC follows the five objectives: (1) develop Federal, tri-national, State, and local partnerships, (2) market the Collaborative’s message, (3) promote the sharing of new renewable energy technologies and innovations, (4) leverage resources, and (5) implement projects that utilize both proven and innovative technologies for diesel engines, alternative fuels, and renewable energy. The collaborative envisions a future where organizations will work together to reduce air emissions and make America’s industrial heartland the “Central Corridor of Innovation.”
Report Organization 

The remainder of this report will address the purposes listed above by presenting the study methods, information gathered, analysis, and results. The first portion addresses a technology and program review. Here, we provide an overview of the relevant boats as background material and discuss the current status of the industry. The second portion of the report focuses on technology and strategy evaluation. Here, we first provide a discussion of all known, planned, and potential tugboat emission reduction strategies. This list is then paired down to a smaller list of strategies to be quantitatively analyzed, with rationale for each decision. We then evaluate the cost effectiveness of a selected subset of the overall strategy list relative to an estimate of the current level of emissions from tug and towboat activity at two select ports in the Blue Skyways Collaborative region: St. Louis, MO, and Houston, TX. Finally, we provide a bibliography of sources. 
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2. Tug and Towboat Overview and Vessel Operating Characteristics

Industry Standards and Practices

Tug and towboats can be categorized into three basic groups, depending on their vessel construction and activity profile: 

· Harbor Boats: Service and assist other vessels and barges. 

· Inland River Boats: Line-haul and short-haul tug and tow boats that make calls along the inland waterway systems and transport barges and containerized goods. 

Ocean-Service Boats: Similar functions to Inland River boats but transport goods over longer distances (e.g., to/from Puerto Rico) and in the open ocean.

As a general rule, tugboats pull (such as ships into the harbor) while towboats push (such as barges up a river). Towboats can also pull barges or attach barges to the side of the boat; however, on curvy rivers pushing is generally more efficient. Hence, the terms towboat and push boat will be used interchangeably in this study. Inland river tows tend to have a flat bow, allowing a flush contact with the barges it pushes. 

In operation, smaller "shifting service" harbor boats meet larger tows underway, bringing barges to add to the tow and removing barges bound for other destinations. This shifting service is often performed in conjunction with "fleeting services”, where barges are transferred to holding areas known as fleets—analogous to rail yards—thus reducing costly in-port time for the larger boats.

Tug and tow boat fuel tanks are typically between 10,000 to 30,000 gallons for local ship-assist vessels and up to 100,000 gallons or more (up to 250,000 gallons) for ocean service boats. Fuel consumption rates vary, but the larger tugs (with power ratings of 3,000 to 5,000 hp) burn between 100 and 200 gallons per hour when operating at full speed, such as when pushing a ship, or up to 2,000 to 5,000 gallons/day when towing a loaded barge in ocean conditions.

Tows on the upper Mississippi tend to be about 3,000 to 5,000 hp and push twelve to fifteen barges, while south of St. Louis the tow/push boats are larger and are allowed to push more barges due to the additional depth and width of the river below St. Louis. Tug and tow boats with 40 to 60 barges and total vessel power of 8,000 to 10,000 hp are common along the southern Mississippi. Additionally, the locks are smaller in the north, so larger barge trains would need to be disassembled and sent through piecemeal. 

A typical boat crew consists of about 10 members: captain, pilot, first mate, engineer, cook, and deckhands. Depending on the activity, the boat usually works around the clock with crew alternating in six-hour shifts, and for approximately one full month followed by one month off.

Typical activity cycles of tug and push boats do include some idling time. Further, most boats incur maintenance down-time of 1 to 2 weeks per year, although newer boats are in operation greater than 90 percent of the time; older boats are idled more frequently. During operation, the vessel free-flow speed generally ranges from about 6 to 10 mph for inland river and harbor tugs and about 14 to 18 mph for ocean-going tugs. 

Overall, about 30 to 60 tow and push boats are constructed per year. This activity takes place largely in the Gulf Coast, primarily for inland water use. The life expectancy of inland towboats is as long as 50 years.

Regulatory Standards

In 2004, EPA finalized the Clean Air Nonroad Diesel Rule,
 implementing more stringent standards for new diesel engines and fuels. This rule mandated the use of low sulfur diesel fuels (LSD)—a maximum fuel sulfur level of 500 ppm—beginning June 1, 2007. Thus, all US-operating boats are currently required to use nonroad quality fuel.

For most nonroad diesel fuel the Nonroad Diesel Rule then mandated a switch to ultra-low sulfur diesel (ULSD)—a maximum fuel sulfur level of 15 ppm—by 2010. However, refiners will only be required to produce nonroad diesel fuel for locomotive and marine applications—with a maximum sulfur content of 15 ppm—beginning June 1, 2012. The program also contains provisions to ease fuel refiners and transporters ability to transition to the lower sulfur standards, extending the date to 2014 for small refiners. 

Marine engines are assigned an emission tier structure similar to other nonroad engines; however the range of tiers is much smaller. Engines built prior to 2009 are baseline (Tier 0), Tier 1, or Tier 2, where the baseline technology applies to all pre-control engines, Tier 1 technologies include the first round of standards (for NOx only) beginning in 2000, and Tier 2 includes the second round of standards for HC+NOx and PM beginning between 2004 and 2007, depending on engine displacement. Currently, most tug and tow boat engines are Tier 0. 

For the purpose of emission regulations, EPA divides marine engines into three categories, where each category represents a different engine technology, based on displacement (swept volume) per cylinder. Category 1 and 2 marine diesel engines range in size from about 700 to 11,000 hp (500 to 8,000 kW). These engines are used to provide propulsion power on many oceangoing vessels and harbor craft or as stand-alone auxiliary engines. Most tug and tow boats have Category 1 propulsion and auxiliary engines, however some of the larger assist tugs and most oceangoing towboats have Category 2 marine diesel main engines. In drafting its 2008 rulemaking, EPA used a default value of 25 percent for the fraction of towboat propulsion engines are Category 2. In its submittal to this rulemaking, the AWO assumed that inland towing vessels greater than 2,000 hp and coastal towing vessels greater than 3,000 hp are generally equipped with Category 2 engines, and thus that 31 percent of tow boat propulsion engines are Category 2. Table 2‑1 shows marine diesel engine categories, as classified for regulatory purposes. 

Table 2‑1: EPA Marine Compression Ignition Engine Categories

	Category
	Specification
	Use
	Approximate Power Ratings

	1
	Gross Engine Power ≥ 37 kWa
Displacement < 5 liters per cylinder
	Small harbor craft and recreational propulsion
	< 1,000 kW

	2
	Displacement ≥ 5 and < 30 liters per cylinder
	OGV auxiliary engines, harbor craft, and smaller OGV propulsion
	1,000 – 3,000 kW

	3
	Displacement ≥ 30 liters per cylinder
	OGV propulsion
	> 3,000 kW


a
EPA assumes that all engines with a gross power below 37 kW are used for recreational applications and are treated separately from the commercial marine category.

In 2008, EPA adopted new emission standards
 for harbor craft engines that established new Tier 3 and 4 standards for new Category 1 and 2 diesel propulsion engines (over 50 hp) for most harbor craft, including tug and tow boats. The new Tier 3 engine standards phase in beginning in 2009. New Tier 4 standards begin applying in 2014, but only apply to commercial marine diesel engines greater than 600 kW (800 hp). The Tier 4 standards are based on catalytic exhaust after-treatment technologies, thus they are designed to phase-in beginning in 2014 for marine diesel engines, based on the availability of ULSD fuel, available by 2012. 
Currently, ULSD (15 ppm sulfur) costs about two to three cents more per gallon than LSD; EPA estimates the cost difference, after accounting for reduced engine wear and maintenance at four cents per gallon. 
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3. Tug and Tow Industry and Contacts

Tug and Towboat Industry

In a 2002 presentation, Lynn M. Muench, Vice President of the Mid-Continent Office of The American Waterways Operators (AWO), asserted that the tug, tow, and push boat fleet consists of more than 5,000 total tugboats and towboats and 30,000 barges of all types, throughout the entire United States. The industry transports over 800 million tons of cargo each year (circa 2002), including over 60 percent of U.S. grain exports along the Nation’s inland river systems and is a vital component of the overall intermodal transportation network.
 

The AWO estimates that, from the total fleet, there were 3,932 towboats and tugboats active in the towing industry as of December 2002.
 The vast majority of companies are members of the AWO (67 percent). AWO member companies tend to be the medium and larger fleets, while those of non-AWO companies are in the smaller fleets, as shown by Figure 3‑1. Table 3‑1 indicates the vessel power distribution of the overall US tug and towboat fleet. 

Figure 3‑1. Tug and Towboat Operators’ Fleet Size
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Figure courtesy of AWO. 8
Table 3‑1: Tug and Towboat Power Characteristics

	Category
	Number of Tug and Towboats
	Fraction of Fleet
	Total Horsepower

	< 1500Horsepower
	3,350
	62%
	2,492,735

	>= 1500Horsepower
	2,095
	38%
	7,446,814

	Total
	5,445
	 
	9,939,549


Source: MARAD
. 

EPA’s 1999 Lakes and Rivers Inventory
 summarized total and tug, tow, and pushboat activity along the Great Lakes and inland river waterways for 1995. Of the top 60 lake and river ports in this study, the Port of St. Louis had the second most tug and push boat trips, with 29,939 annually, although it ranked the highest of any port in the Blue Skyways Collaborative region. A companion study summarized similar data for the largest deep sea ports ocean ports in the Nation.
 Of the top 95 deep sea ports, the Port of New Orleans, Port of South Louisiana, and Port of Houston ranked first, second, and third in tug and push boat trips with 19,258, 19,114, and 16,704, respectively; All of these ports are in the Blue Skyways Collaborative region. Although somewhat dated, these reports provide a good overview of tug activity in the region of interest. Table 3‑2 summarizes the tugboat trips along the waterways from these documents. 

Table 3‑2: Tug and Towboat Trip Counts, 1995 

	
	Lake
Trips
	River
Trips
	Deep Sea Port Trips

	Tugboat and Pushboats
	 23,972 
	 140,204 
	303,202

	Fraction of Regional All-Vessel Trips that are Tug/Tow

	26%
	31%
	31%


The most comprehensive and current source of inventory data for towboats is maintained by the US Army Corps of Engineers Navigation Data Center.
 That database lists approximately 5,000 towboats in the US, corresponding vessel horsepower, and is reported by the state of operations base. 

The US Army Corps of Engineers database provides additional information on tugboats operating on the Mississippi River System and Gulf Intracoastal Waterway. Of the 3,304 tugboats operating in this area, 50.0 percent have engines rated less than 1000 HP, and 75.4 percent have engines rated less than 2,000 HP. Tugboats in this region have lifetimes greater than 40 years, with 79 percent of tugs built or rebuilt at least 25 years ago.

It is noteworthy that previous analyses
 and the discussion above note that inland marine towboat average horsepower by inland river segment can vary by as much as about a factor of 6, and that the widest rivers—particularly the southern Mississippi—support the larger line-haul service boats. This holds true in this US ACE database as well, as shown in Figure 3‑2, serving as a reasonable “sanity check” on the data itself. 

Figure 3‑2. Average and Maximum Tug Horsepower by State
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Further, the US ACE database lists approximately 620 various operators by name that are associated with towing as their principal commercial activity or in their name, and includes contact information as well as an estimation of the number of push and tugboats in their operations and an indicator of operating region (which is not anticipated to match the location of activity in all cases, however). Table 3‑3 summarizes the tug and tow information from the US ACE database. 

Table 3‑3: Summary of Tug and Tow Information from the USACE Database

	Operators of Push or Tug Boats
	Number of 
Operators
	Total 
Pushboats
	Total
Tugboats
	Grand
Total

	Push 
	427
	1,359
	0
	1,359

	Push and Tug
	200
	1,216
	796
	2,012

	Tug
	619
	0
	1,914
	1,914

	Grand Total
	1,246
	2,575
	2,710
	5,285


Appendix A presents a list of the 100 largest tug and towboat operators in the ten states (Arkansas, Iowa, Kansas, Louisiana, Minnesota, Missouri, Nebraska, New Mexico, Oklahoma, and Texas) and border regions of the Blue Skyways Collaborative region based on the results in the US ACE database. For each entry, it lists the operating company name, the number of boats they operate, their region(s) of operation, and contact information. Given the reasonableness of this database noted earlier, we believe this to be the most readily available, accurate estimate of the most significant players in the tug and tow boat industry in the region of interest. 

Selection of Ports for Emission Analysis

As noted above, Appendix A lists contact information for the 100 largest operators in the region of interest. The original work order requested analysis of tug emission reduction potential in two specific cases: the Port of St. Louis and one other coastal port in either Texas or Louisiana. Thus, we targeted industry contacts to companies operating in the two specific cases where detailed operations data would be useful for subsequent analysis 

The first port for detailed analysis is St. Louis, MO. The second port selected for analysis is Houston, TX. The selection of the second port was based on availability of information for all ports in the coastal regions of TX and LA. To obtain the best overview of general activity in the industry, we determined it would be most effective to select the second port as the one in these two areas where the most tugs are operating, thus maximizing the available sample size. Data indicates that there are three to four times as many calls at each of the ports of New Orleans, LA, and Houston, TX, as at the next largest ports in the region of interest; thus the second port should be one of these two since, regardless of the vessel activity profiles, they will have the largest tug fleets. During the course of conducting research for this project, the Port of New Orleans was affected by Hurricane Gustav, limiting personnel in the region. Also during the course of this analysis, the Port of Houston recently released a comprehensive emission inventory that inventories total tug and tow boat emissions. Thus, we focused subsequent analysis on the Port of Houston as the second port of interest to maximize consistency with similar research while conserving limited resources. 

Contacts

Following characterization of the industry, the second focus of this phase of the research was to establish contacts at the 10 largest tug and towboat operators throughout the Blue Skyways Collaborative and to assemble and deliver a list of these contacts, collecting locally specific information on tug operations, including contact information, number of vessels owned and operated and their locations, and typical duty information. This section describes the results of this work. 

Appendix A provides the bulk of contact information obtained during this phase of the project. However, to better understand and characterize the industry, and to receive locally specific information, particularly for the two ports to be detailed in the following analysis, we have also made personal contacts among governmental and nongovernmental interested parties, owner/operators, and port authorities to flesh out available information. 

Appendix B summarizes the names and contact information for those with whom we have successfully established direct contacts. In addition to those listed in Appendix B, we were able to identify contacts, but not successfully reach out to those at other relevant agencies, including TERP, TCEQ, and Carl Moyer Program staff; other relevant port authorities, including Texas City; and other tug and tow companies.

4. Tug and Towboat Emission Reduction Strategies and Projects

Not surprisingly, the industry tends to be interested in and supports emission reduction projects that reduce emissions while improving efficiency. Technologies and aftermarket products that reduce efficiency are not generally looked upon favorably by the industry. 

The following section describes the full list of tug and towboat emission reduction projects identified through our research, grouped by application category. Examples of each type of applications are also provided. A qualitative comparison of these strategies is presented in Chapter 5 and an evaluation of the cost and effectiveness of each selected subset is presented in Chapter 6. 

Operational Strategies

Reduced Operating Speed

Due to the nonlinear nature of the propeller law,
 reduction of operating speed is a particularly simple way to reduce fuel consumption, and thus emissions. Generally, the cubic nature of the propeller law, combined with increased operating times at the slower speeds, combine to produce an emission reduction that is proportional to the square of the relative speed reduction. 

In his article, Richard O. Aichele
 estimates that reducing speed by 10 percent may produce more than a 25 percent fuel savings. As an example, Dana Brodie of Hawaiian Tug & Barge/Young Brothers in Honolulu, HI cited an operating example of the FloScan Instrument Interface Systems. There he noted, “We monitor our speed through the GPS once we get strung out on the towline and then start backing off the throttles until we see a two-tenths drop in our speed and leave it there. That last 10 or 15 percent of throttle on most tugs is wasted fuel that gives you no greater hull speed and also decreases the life cycle of the engine components, such as liners, rings and pistons.” 
, 
, 
, 
, 
, 

Fuel Switching

Significant emission reductions can be achieved from vessels by requiring main and/or auxiliary engines to switch from use of higher to lower sulfur diesel fuel. Beyond the direct SO2 and PM reductions, a secondary effect of fuel switching is the enabling of other mitigation strategies,
 such as engine retrofit technologies. Clean Air Fleets estimate reduction potentials of 3, 6, and 13 percent for NOx, CO and PM10, respectively for switching fuels from common non-road locomotive and marine (NRLM) to ultra low sulfur diesel fuel (ULSD).
 These reductions are in addition to the direct reduction in exhaust SOx species by reducing the fuel sulfur level by about 97 percent. Note that fuel switching may involve a technological component, but is grouped here as an operational strategy. 

Since the enactment of the nonroad Diesel Rule, all tugs operating in US waters must use low sulfur diesel in both main and auxiliary engines. However, significant additional reductions may be had by requiring switching to ULSD fuel before the 2012-2014 required phase-in of ULSD NRLM fuel or switching to other, cleaner fuels. This may be mandated in certain sensitive areas—a typical switching program would occur within a certain distance from the coast for ocean going tugs—or throughout the operating area. 

One current example of this strategy is Foss Maritime Company, which switched its fleet to ULSD fuel.
 Although this switch is mandatory in CA, they voluntarily do the same for their operations in Seattle/Puget Sound and the Columbia and Snake Rivers as well.

There are reports of bunker fuel (heavy fuel oil) making its way into the tugboat industry because of rising fuel costs. However, it remains to be a fuel for the larger ocean-going tugs since it requires a very large tank and heaters and equipment to make the fuel usable. As a result, it is not anticipated to affect the inland river market.
 However, should its use turn out to be significant in some markets through fuel switching to HFO when away from coasts, an effective mitigation measure could be to eliminate this fuel switching. 

Emission Control Areas

Europe has implemented the only two Sulfur Emission Control Areas (SECA) currently in existence. They are in the North and Baltic Seas
. Both restrict fuel sulfur to an upper limit of 1.5 percent. 

As of January 8, 2009, the U.S. has ratified MARPOL Annex VI and intends to request that the IMO designate an area of the coastal zone as an Emission Control Area (ECA) in which stringent international emission controls would apply to ocean-going ships.
 These regulations would limit fuel sulfur (affecting PM and SO2 emissions, beginning in 2010) and NOx (beginning 2016). Although research is ongoing, given that most U.S. tugs and tows—especially those that operate on the inland rivers—currently use distillate fuels with a sulfur level of 500 ppm, the current strategy is likely to have limited relevance for US tug and tow vessels. 

However, the concept of an emission control area could be carried forward to more stringent regulations, more types of vessels, or smaller geographic areas, which could affect tug and tow operations. However, we are not currently aware of any such plans. 

Alternative Fuels

A variety of alternative fuels could be used in tug and push boats. Some require little or no modification to the engine (such as emulsified diesel or biodiesel) while others (such as natural gas) require engine conversion or replacement. The alternative fuels summarized below may significantly reduce emissions from tug engines, although some come at a price of lower fuel efficiency or power. 

· Emulsified diesel is a blended mixture of diesel fuel, water, and other additives that reduces emissions of PM and NOx. Emulsified diesel can be used in any diesel engine, but the addition of water reduces the energy content of the fuel, so some reduction in power and fuel economy can be expected. Emulsified diesel has been verified by both EPA and CARB to reduce emissions. Expected NOx reductions are in the range of 17 to 20 percent; PM emission reductions range from 17 to 50 percent. Emulsified diesel typically increases VOC emissions.

Emulsified fuel has been used in tugs at both the Ports of Philadelphia
 and Boston
. 

· Biodiesel is a renewable fuel that can be manufactured from new and used vegetable oils and animal fats. Biodiesel is safe and biodegradable and reduces emissions of PM, CO, HC, and air toxics. However, emissions of NOx increase somewhat with the concentration of biodiesel in the fuel.
 Biodiesel has essentially no SO2 emissions as well as dramatically reducing the sulfate component of PM and may also provide significant CO2 reductions, depending on the feedstock used to produce the fuel. Biodiesel is often used in pure (“neat”) form, known as B100, or a blend, typically 80 percent petroleum diesel and 20 percent biodiesel (B20).

Studies by HARC indicate marine vessel main engines converting to biofuels could reduce PM emissions 35-45% and auxiliary engines could have overall emission reductions of up to 50%.
 BioMer
 observed in use emission reductions for marine transport 65 and 18 percent for CO and PM, respectively for B100. These numbers are comparable to the values from the Puget Sound Marine Inventory of 35 and 32 percent for CO and PM, as well as 4 percent for CO2.
 EPA’s list of verified retrofit technologies 
 estimates emission reductions of as high as 47 percent for both PM and CO. Finally, the west coast diesel collaborative estimates lifecycle CO2 reductions of 22 percent for B100. 

One private experience with biodiesel is from Pacific Tugboat Services of San Diego, CA, which has experimented with biofuels and is now looking for a way in which it can become a source of the fuel, not only for itself but also for other maritime users in southern California. They note that, while advantageous, the practicality of its use is dictated by price: “It has to be close in price or actually less for it to make sense for us.”
 

· Natural gas, in the form of compressed natural gas (CNG) or liquefied natural gas (LNG), can be used to power off-road engines. Existing engines can sometimes be converted to run on natural gas, or the existing engine can be replaced with a natural gas engine. Most offroad applications experience a fuel penalty when migrating from traditional diesel fuel. In addition, the use of natural gas raises some challenges with respect to storage and safe handling of the fuel. Because of its fossil fuel base, natural gas is not an effective strategy for reducing GHG emissions.

The Port of Philadelphia has used natural gas powered tugs, reducing tug PM emissions essentially 100 percent, with a capital cost of around $500,000 per boat.
 

· Propane can also be used to power diesel engines in some applications. Commercial kits are available for retrofitting diesel engines to operate on propane (LPG). 

A number of diesel yard tractors at southern California ports and elsewhere have been converted to LPG.
 However, we are unaware of any propane powered tug boats. 

· Ethanol can be blended with diesel to reduce some emissions. Sometimes known as “E-diesel,” “oxydiesel,” or “Oxygenated Diesel (O2D),” these fuels are a specific type of biofuel blend that typically have a small fraction (on the order of 10 percent) ethanol. Ethanol-diesel blends have typically not been widely used. However, Oxygenated Diesel has been used at the Port of Boston
 and E-diesel is being tested in marine applications in the Houston-Galveston, TX, region by HARC Joint Center for Transportation & Air Quality.
 It is expected that use of ethanol blends beyond about 10 percent may require engine modifications. 

· Synthetic fuels, such as Syntroleum have been tested in onroad vehicles by Southwest Research Institute, but we are unaware of any use in tug operations. 

Fuel Cell boats, while strictly alternatively powered, not alternatively fueled vessels, have been demonstrated in the past,
 however there have been no fuel cell tugs built or planned of which we are aware. 

Incentive Programs

Reduced Port Fee programs have been tried in Santa Barbara
 and at Ports in Sweden.
 These programs reduce fairway dues for vessels that are considered cleaner. 

Emissions Trading Programs have been tried in the European North Sea area, within a SECA region.
 See the discussion under the SECA strategy. 

Other Operational Strategies

Although largely an amalgamation of other strategies, there have been studies to look at the use of onboard computers to continuously calculate the most efficient vessel operation. The EU’s Cleanest Ship Program has successfully tested the use of this technology and reports reduced fuel consumption by 7 percent.

Technological Strategies

Diesel / Electric Hybrid Tug

Foss Maritime created the first diesel hybrid tug that plugs into shore power for its batteries.
 Hybrid tugs are cost effective because tugs tend to spend a large amount of time at low power levels where fuel consumption per horsepower is large. 

Known as the “Green Dolphin,” this tug won EPA’s Clean Air Technology Award in June 2008 for the development of a low emission vessel. This hybrid tug is being built in collaboration with the ports of Long Beach and Los Angeles and is anticipated to begin operation in southern California during Fall 2008. It reduces NOx, PM, SO2, and carbon emissions and will perform beyond EPA’s Tier 2 emissions standards for marine engines. 

This cost about $8 million to make—about $2-3 million more than a non-hybrid tug. Some specifics on this unique boat include:

· The Green Dolphin is powered by batteries coupled with diesel generators. The modified engine room houses two 670 hp battery packs and two 335 hp generators, and two main, Tier 2 engines at approximately 1,800 hp each. Although the main engines in the hybrid tug will have lower horsepower than existing Dolphin engines, the overall power is approximately the same total as its sister tugs (5,000 hp).
 

· The batteries weigh 20 tons.

· It was partly funded with $850,000 grant from the Port of Los Angeles and $500,000 from the Long Beach Board of Harbor Commissioner.

· 95 percent of the time at less than 67 percent power and up to 60 percent of the time at less than 20 percent power.

· PM and NOx are expected to be reduced by 44 percent.
 

It may reduce fuel consumption by 30 percent.

Companies other than Foss are also developing this technology. GE, in cooperation with C-MAR group, is currently developing a hybrid for medium-duty tugs. 

Generally, hybrid technology seems to be best suited for harbor tugs since they need high amounts of power for short periods of time when they steer the larger vessel. These vessels can switch to battery power when making their way to the ship. River tows may not be a good candidate for hybrid technology because of their activity profile. Since they tend to travel large distances up and down the river, possibly stopping only to get more fuel, and since the batteries can only recharge while plugged in at a port, the batteries do not provide adequate load for their activity. However, hybrid power for auxiliary engines is a possibility.

z-drive / ASD

One tug/towboat unique efficiency improvement is the use of an Azimuthing Stern Drive (z-drive or ASD) system. In that system, propellers are designed such that the whole unit can spin 360 degrees allowing for greater maneuverability, so the vessel can easily and quickly maneuver sideways or in reverse. 

Rolls-Royce has 80 percent of the market share for this system, although there are at least four other companies who make the system: Schottel (German), HRP (Dutch), Niigata (Japanese), and Thrustmaster (US). A pair of Rolls-Royce z-drives costs $875,000 plus other costs.
 Nonetheless, it is a very popular new technology and there is currently a two year waiting list for the Rolls-Royce system. 

A complementary system is Controlled Pitch (CP) propellers, where a blade can be feathered and rotated around its axis. When combined with a z-drive system, there is an infinite set of propeller angles possible. In this system, the overall efficiency is improved because the engines can be maintained at minimum power (and also minimum fuel burn rate and reduced emissions) while producing the most targeted thrust. 

Another propeller improvement approach by Hawaiian Tug & Barge/Young Brothers was fitting three ocean towing tugs with high-performance propeller systems from Nautican. Brodie explained, “They are a three-blade high-performance wheel in a Kort nozzle. It raises the pounds of thrust per horsepower from an open wheel design of 23 pounds on average to just over 30 pounds.” As an example he cited a 3,000-hp tug with the Nautican performance package. That tug, he said, “has the thrust of a 4,000-hp open-wheel tug, but we burn the fuel of a 3,000-hp tug. This is a huge fuel savings per trip.”

Engine Rebuild/Repower

Engine replacement with newer, higher performing models is a common method of obtaining reduced operating emissions as well as potentially increased fuel efficiency. As an example, Crowley Maritime Corp refurbished fourteen tugs operating on the Puerto Rico-Caribbean liner service and Trailer Bridge’s Puerto Rico barge service. The tugs were built 20 years ago but were refurbished as recently as seven years ago. Major upgrades included:

· Changeovers to four-pass aftercoolers, installation of optimized General Electric turbochargers and improved engine-room ventilation.

· Direct fuel savings of 3 percent were achieved by the installation of Interstate Diesel’s Ecotip injectors in the EMD engines.

Rolls-Royce designed New Generation Workwheels to improve cavitation aspects with a minimum fuel savings of 4 percent.

As a second example, in “Fuel management for tugs becoming an increasing challenge”
, Chris Rowland of Wilmington Tug Co., Wilmington, DE, said engine replacement is the primary strategy for fuel savings at his company. Rowland said that the company’s newest tug, with both engines running full ahead, will burn about 100 to 110 gallons per hour per engine, and less than half of that at reduced speed. “It’s that last couple of hundred rpm where we see the fuel burn rate maybe double, but we find that we can usually stay away from those levels in most situations.” 

The Port Authority of New York/New Jersey has also established a Marine Vessel Engine Replacement Program (MVERP). This program was designed to offset emissions from harbor deepening activities and allows the Port Authority to partner with vessel owners to replace or upgrade their engines to newer, emissions-reducing equipment and share the costs. Under this program, the Port Authority pays the cost of the engine or upgrade kits and the vessel owner/operators pay labor and other installation expenses. As of 2007, 39 engines in 13 harbor craft, including tugs and other commercial vessels, have been retrofitted under the program. The Port claims an annual reduction of 124 tons of NOx for the Staten Island Ferries and as much as 84.41 tons of NOx for the other harbor craft at a cumulative cost to the port of $2.1M through fall of 2007. 
, 
 

Finally, the No Net Increase Task Force estimates that repowering harbor craft engines can reduce NOx and PM emissions by an average 60 percent and 25 percent, respectively.

Engine Retrofits

Emissions from existing engines could be reduced through a variety of in-engine and exhaust aftertreatment retrofit technologies
. Aftertreatment options are discussed below. Engine retrofit technologies could include slide-valve injection, optimized timing injection, increased compression ratio, water injection, exhaust gas recirculation (EGR), and other control technologies and could be applied to main and/or auxiliary engines with emission control devices or replace the engines with those that meet more stringent emission standards.

As noted above, some retrofit options are not favored by the industry since they involve capitol costs and some extract efficiency penalties. Further, while most technologies and applications have a history of applications in on and offroad environments and their performance is well understood, many have not been rigorously proven in the marine environment. Those applications that can be applied will vary between main and auxiliary engines. 

The Professional Mariner #106 article noted above also notes that during engine replacement, retrofits and upgrades are common: “When it comes time for total refurbishment of a tug, some companies have elected to add nozzles, high-performance propellers and rudders in an effort to boost bollard pull, speed and fuel efficiency. Companies like Rice Propulsion, Custom Nozzle Fabricators (CNF) and NautiCan Research claim that addition of nozzles and high-performance props can provide multiple benefits, including reduction of fuel consumption by 10 to 20 percent or more.”

One particular example of this is Penn Maritime’s recent addition of NautiCan nozzles and a triple-rudder system to its 126-foot, 4,300-hp tugs Tarpon and Dolphin with a resulting increase in towing speed by about 2 knots with the same oil barge, while simultaneously achieving a noticeable decrease in fuel consumption, according to Penn officials.

Several other known technologies may be applied to older engines during retrofits to bring emission abatement levels to current or future standards. It is unclear to what degree the tug and tow industry has utilized these, however. For example, to validate retrofit and technologies in the near-port environment and enable the phase-in of emission reduction technologies for main and auxiliary engines, the Ports of Los Angeles and Long Beach have created a Technology Advancement Program (TAP)—a partnership between the Ports, SCAQMD, CARB, and EPA.
 

· Basic Internal Engine Modifications (IEM): The TAP is designed to evaluate promising technologies and costs for vessels active in their region; however the only technology currently approved by the TAP is slide-valve injectors for main engines. Commonly referred to as “Basic IEM”, according to one recent study, slide valve retrofits are simple to undertake on older engines that did not come manufactured with such technology, although most newer engines (approximately model year 2000 and later) are thus manufactured. The retrofit entails removing the old valves, enlarging fuel injector holes in the cylinder covers, and possibly replacing spring housings. The retrofit typically requires several hours of work per cylinder. Slide valve retrofits are expected to be possible for all 2-stroke engines. 

Advanced IEM: Some other engine retrofit technologies could include various advanced IEM, including fuel injection timing (retard), improved electronic control, exhaust gas recirculation (EGR), combustion chamber geometry modifications, compression ratio modification, fuel-air mixture enhancement (swirl), and optimized timing; optimized or modified fuel injection technology, such as common rail fuel systems, improved injection pressure, improved injector geometry, and enhanced timing and valve control. 

Other engine and fuel/combustion characteristic modifications are being developed for marine engines. Some notable options include:

· Exhaust Gas Recirculation (EGR) mixes pre-cooled, filtered exhaust gas with the intake air, thus decreasing the oxygen content in the cylinder resulting in cooler combustion and thereby reduced NOx production. EGR technology was noted in the 2005 ENTEC study noted emission reductions of SO2 as high as 93 percent, NOx of 35 percent, and PM of 63 percent with use of EGR applications.

· Humid Air Motors add humidity to the intake air which thus reduces combustion temperature. Moderate to high humidity to fuel ratios are utilized, achieving moderate to high NOx reductions, but requiring onboard distilled water and other supporting equipment and thus invoking high initial investment costs.
Emissions Monitoring Systems permanently installed on vessels could be used as either as a compliance tool or as constant feedback to the engine and/or other exhaust aftertreatment systems to optimize performance and reduce emissions, depending on the design. 

Note that exhaust aftertreatment technologies often considered as retrofits are here listed in a separate category. See the discussion in Section 4.2.8. 

Articulated Tug Barge

Articulated tug barging
 (ATB) is becoming a popular design because the barge is coupled to the tug without wires, so less power is lost. Additionally, it requires approximately one third fewer crew members and consumes approximately one half the amount of fuel per mile traveled.
 However, ATB’s tend to be mostly applicable for ocean tugs of higher power. Also, given the high cost—a tug-barge unit can cost as much as approximately $25 to $27 million; a figure beyond the reach of many of the smaller operators. Figure 4‑1 shows an example of an ATB unit. 

Figure 4‑1. Articulated Tug Barge System

[image: image10.png]



Figure courtesy of Crowley Maritime

Fleet Replacement / Retirement

Beyond repowering vessels, the entire vessel or fleet could be retired and replaced with more efficient vessels. Given the lifetime and costs of vessels, this may not be the most cost effective strategy. However, in some regions, it offers advantages. 

For example, Great Lakes Towing has moved towards more low-power tugboats. These boats, in the 2,400 to 3,200 hp range are dubbed “handysize” tugs. It is hoped that there is a market for these smaller tugs as most tugs being built today are between 4,000 to 6,000 hp. The boats are targeted at small operators who work at smaller ports and cost about $4 million.

Cold Ironing

There is mixed opinion about use of cold ironing (a.k.a. shore power) for tug and push boats. The general consensus is that it is not feasible for tugs and tows given their typical operating cycles. 

However, shore power is being used to various degrees in select locations. For example: Constellation Maritime keeps all their tugs on shore power whenever they are at the dock, a practice that is simpler to accomplish in small harbors like Boston. “And, whenever the skippers go off to a more distant tug job, we ask them to think in terms of getting out there or getting back at speeds that will give us the best fuel economy.”

Tugboat cold ironing has also been done at the Port of Philadelphia. There, the costs were approximately $1 million in capital costs per berth, with unknown capital costs per tug. Total costs are also affected by the differential costs between electricity and diesel fuel.

Exhaust Aftertreatment Options

Emissions from existing engines could be reduced through a variety of in-engine and exhaust aftertreatment retrofit technologies. Aftertreatment options are discussed below. , including slide-valve injection, optimized timing injection, increased compression ratio, selective catalytic reduction (SCR), water injection, diesel particulate filters (DPFs), diesel oxidation catalysts (DOCs), and other control technologies. 

As noted above, exhaust aftertreatment options are not favored by the industry, since they typically involve capitol costs, perhaps in addition to efficiency penalties. However, most technologies have a history of applications in on and offroad environments and their performance is well understood. 

· Diesel Particulate Filters have been used in many applications for nonroad engines and have well understood effectiveness. In tugboat applications DPFs have been employed at the Ports of Philadelphia, Boston, and by the EU’s Cleanest Ship program. Generally, PM reductions of 90 percent or greater are achieved, although use of ULSD is required. They also require periodic cleaning to remove ash from the filters as well as a duty cycle that will allow proper regeneration. EPA’s list of verified retrofit technologies have shown on-road DPFs to have reductions of as high as 90 percent for PM, CO, and HC.
 

· Diesel Oxidation Catalysts have also been tested at the Port of Philadelphia and found to reduce PM emissions by about 25 percent. Use of ULSD is required. The Port of Boston has used DOCs in ferries with approximately 20 percent PM emission reductions, more with 2-stroke engines. 

· Catalyzed Wire Mesh Filters have been used at the Port of Boston and found to require less heat to regenerate than DPFs. They have shown up to 9 percent reduction in NOx, 55 to 76 percent reduction of PM, 75 to 89 percent reduction of HC, and 50 to 66 percent reduction CO, but require the use of fuel-borne catalysts. The Matsui CWMF has been verified to show reductions of 76, 58, 8, and 88 percent for PM, CO, NOx, and HC, respectively. 

· Selective Catalytic Reduction technologies have also been deployed on vessels at the Port of Boston using a urea/ammonia base, with NOx reductions as high as 95 percent observed. The 2005 ENTEC study reported SOx reductions from SCR of up to 96 percent, NOx of up to 90 percent, and PM of up to 63 percent. SCR has also been employed in the EU’s Cleanest Ship program, with reductions of NOx as high as 85 percent observed. A thorough documentation of a “proof of concept” project using SCR on a Port of New York/New Jersey ferry—intended to develop a road map for other marine applications and address technical hurdles—is provided in the Bradley and Assoc. report.
 A single SCR unit has been approved by the ARB.
 This device, manufactured by Extengine, has verified reductions of 80 percent for NOx, as well as PM reductions from the incorporated DOC. It is reasonable to expect that tugs could be equipped with SCR units and operate on current (500 ppm) NRLM fuel. 

· Lean NOx Catalyst technology has been tested on vessels at the Port of Boston and found to reduce NOx emissions by 30 to 50 percent. 

Sea-water scrubbing reduces both SOx and PM emissions. Using the principles of wet Flue Gas Desulfurization, which is the mixing of hot exhaust flu gases in a turbulent cascade with seawater. Seawater is alkaline by nature, with typical pH values of 8.0 - 8.3 and it is therefore very suitable for absorption of acidic gases like SO2. SO2 reacts with calcium carbonate to form calcium sulfates which are soluble in water. The PM particles are removed through impaction; however, much of the PM is hidden in bubbles and may escape through the scrubber. They have shown to reduce SOx by 95 percent and PM emission by 50 to 80 percent. Sea-water scrubbing has been tested on P&O's Pride of Kent passenger ferry, which sails on the Dover to Calais route.

Other Efficiency Improvements

Numerous other strategies and examples exist of other efficiency improvements. Although designed primarily to reduce fuel consumption, most have the additional benefit of reducing emissions as well. Some notable examples follow:

· Crowley is also reducing generator loads to reduce fuel use by converting to florescent lighting fixtures and LED running lights. In port, the tugs use shore electrical power whenever possible, saving fuel by shutting down engines and generators. 

· Cape May-Lewes Ferry wants to reduce electric generator loads from the motors running numerous pumps. A process by Belzona Inc. in Miami applies a coating to the interior surfaces of the pumps to reduce fluid friction, thereby reducing electric motor power demands by 2 to 4 percent.

· Reduce underwater hull friction. International Paint claims their product Intersleek 900 can save fuel by 6 percent in comparison to self-polishing copolymer (SPC) antifoulings.
 

The European Novatug’s carousel tug is reported to increase efficiency of shaft propulsion by 15–35 percent thereby decreasing fuel consumption.
 However, this is not applicable to inland rivers because they do not assist large enough vessels.

Summary of Emission Reduction Strategies 

A total of 31 individual strategies have been presented that could be implemented to reduce tug and towboat emissions. Table 4‑1 lists each of these strategies along with a brief synopsis of each. 

Table 4‑1: Summary List of Emission Reduction Strategies

	Operational Strategies
	Technological Strategies

	
	Name
	Synopsis
	
	Name
	Synopsis

	1
	Reduced Operating Speed
	Reduced vessel speeds within specified boundaries.
	1
	Diesel / Electric Hybrid Tug
	Hybrid power for main engines.

	2
	Fuel Switching
	Permanent or temporary switching, specifically to ULSD.
	2
	Z-Drive / ASD
	Azimuthing Stern Drive for greater propeller maneuverability.

	3
	SECA
	Implementation of a Sulfur Emission Control Area.
	3
	Engine Rebuild/Repower
	Replace older engines.

	4
	Alternative fuels:
	Permanent or temporary switching to one of the below fuels.
	4
	Engine Retrofits
	Retrofit engines with a variety of in-engine technologies that meet more stringent emission standards.

	a
	Biodiesel
	 
	5
	Articulated Tug Barge
	Enhanced barge-vessel binding methodology.

	b
	Emulsified diesel
	 
	6
	Fleet Replacement / Retirement
	Early retirement of older vessels.

	c
	Ethanol, “E-diesel,” “oxydiesel,” or “Dxygenated Diesel (O2D)” 
	 
	7
	Cold Ironing
	Shore power for tug and tow boats.

	d
	Fuel Cell boats
	 
	8
	Exhaust Aftertreatment Options:
	Application of one of the following exhaust aftertreatment retrofit technologies. Note, for technologies where ULSD is required its use will be assumed.

	e
	Natural gas
	 
	a
	Diesel Particulate Filters
	 

	f
	Propane (LPG)
	 
	b
	Diesel Oxidation Catalysts 
	 

	g
	Synthetic fuels
	 
	c
	Catalyzed Wire Mesh Filters 
	 

	5
	Incentive Programs:
	Policy programs to encourage reductions.
	d
	Selective Catalytic Reduction 
	 

	a
	Reduced Port Fee Programs 
	 
	e
	Lean NOx Catalyst 
	 

	b
	Emissions Trading Programs
	 
	f
	Sea-water Scrubbing 
	 

	6
	Other Operational Strategies:
	Additional operational measures to reduce emissions.
	9
	Efficiency Improvements:
	Other strategies to enhance vessel efficiency. 

	a
	Onboard computer efficiency optimization
	 
	a
	Reduced parasitic loads 
	 

	
	 
	 
	b
	Shutting down idling engines and generators. 
	 

	
	 
	 
	c
	Reduced underwater hull friction. 
	 

	
	 
	 
	d
	Carousel tug 
	 


5. Tug and Towboat Emission Reduction Strategy Review
The previous section listed the complete suite of emission reduction strategies potentially applicable for tug and towboats of which we are aware. Generally, those listed in Section 4 are based on research and available trade literature and are qualitative; the focus there was breadth, not depth. This section qualitatively evaluates and ranks the list of strategies to determine those most likely to worth considering quantitatively for the two key ports: Houston, TX, and St. Louis, MO. 

Strategy Evaluation

The goal of this analysis is to offer a quick summary of each mitigation strategy shown in Table 4‑1 and provide a simple “thumbs up”/”thumbs down” initial screening evaluation for each, based on appropriate professional judgment. The analysis done here is not meant to be particularly detailed, but is intended to narrow the list of potential mitigation strategies available to tug and tow boats identified above to those that are considered reasonable strategies for the two ports of interest: St. Louis, MO, and Port of Houston, TX. The intention is to make these selections in most objective method possible and with limited screening data, to optimize the robustness of subsequent analysis. 

	Table 5‑1 shows the analysis and results for the operational strategies listed in Table 4‑1. Table 5‑2 shows the same for the technological strategies listed in Table 4‑1. In each case, the strategy is listed along with the pollutants it is expected to target, its worldwide implementation status, emission reduction potential, technical feasibility, and expected total cost impact. Finally, an overall qualitative score of low, moderately low, moderate, moderately high, or high is assigned to each strategy. To visually illustrate the indicate level of promise the strategy shows, each category is assigned a “thumbs up” for favorable, “thumbs down” for unfavorable, or moderate/neutral icon for neutral scoring. For all criteria other than cost, higher is more favorable. Note also that many of the scores are relative to the type of harbor areas considered here. That is, inland river and coastal harbor activities. Thus, some technologies, particularly those related to ocean-service boats, are scored less highly here. 


	Favorable
	
	Unfavorable
	
	Moderate/Neutral


Each strategy shown in Table 5‑1 and Table 5‑2 incorporates an overall score in the rightmost column. We derived this score as follows. In the matrix of the four subjective ranking categories and 31 total strategies, we assigned each entry a numerical value ranging between 0 and 2, where low = 0, moderately low = 0.5, moderate = 1, moderately high = 1.5, and high = 2. The numerical values assigned to the pollutants affected category were determined based on the number of pollutants targeted relative to the six pollutant species or groups of primary concern: NOx, PM, CO, CO2/GHGs, VOC, and SOx and converted to the same scale for comparison. The central tendency of scores for each strategy was represented by the average across the five criteria, and the resulting overall score taken as the text value (low, moderately low, etc.) corresponding to that value. The same visual icons were then assigned to this computed score as for the assigned values for each criterion. 

Note that, while cost-benefit will be an essential criterion for final analysis of strategies, it is not included here. This is because the components of that value are already included here and adding a cost effectiveness measure would introduce bias through use of inter-dependent criteria. Thus, we have omitted that quantity until sufficient data to estimate it is available, particularly since the results of those calculations will vary among pollutants. However, cost effectiveness of selected strategies is presented in Section 6.2. 

Finally, note that the evaluation of “Implementation Status” indicates the relative employment of this strategy worldwide. In this case, “Low” is given a “thumbs down,” indicating low implementation of this strategy. It is possible in some cases, however, that a low implementation could actually be favorable, indicating a greater opportunity for reduction.
Table 5‑1: Evaluation of Operational Emission Reduction Strategies

	
	Strategy
	Pollutants Affected
	Current Implementation Status
	Emission Reduction Potential
	Technical Feasibility
	Cost Impact
	Overall Score

	1
	Reduced Operating Speed
	All.
	
	
	
	
	

	
	
	
	Low. Voluntarily implemented at San Pedro Bay Ports since 2001, but typically an OGV strategy. 
	Moderate. Proportional to speed reduction squared, via the propeller law.
	High. Already demonstrated at San Pedro Bay Ports and requires no additional technology
	Moderate. Cost savings to operators from reduced fuel consumption but cost penalty from lost time. May also be additional cost increases to port if speed monitoring.
	Moderate to High.

	2
	Fuel Switching
	PM, SOx
	
	
	
	
	

	
	
	
	Moderate. Mandated by 2010, but in voluntary use in many ports.
	High PM reduction. (Also allows for use of additional aftertreatment technologies, discussed separately).
	Moderate to High. Fuel generally available. May require retrofits. 
	Moderate depending on required retrofits and fuel price differential. Additional upgrade costs if temporary switching between fuels (additional tanks). 
	Moderate to High.

	3
	SECA
	SOx, PM
	
	
	
	
	

	
	
	
	Low. Control areas implemented for ocean-going vessels in Europe. No programs for inland boats. Likely superseded by other regulations for harbor craft.
	Moderate. Reductions directly proportional to fuel sulfur reductions. 
	High. Similar to fuel switching.
	Low. Costs for monitoring and administration but lower than fuel switching since all vessels likely using same fuel.
	Moderate.

	4
	Alternative fuels:

	a
	Biodiesel
	PM, CO, possibly CO2 (if full fuel cycle is considered). 
	
	
	
	
	

	
	
	
	Moderate. Biodiesel (typically B20) is available at some fueling stations and is becoming more popular. 
	Moderate to High. Depends on blend proportions. Note that many studies indicate increased NOx emissions. 
	High. Available, but may cause corrosion in some engines. May require frequent filter change and attack rubber tubing and seals.
	Moderate to High. Expected cost increase of ~ $1/gallon.
	Moderate to High.

	b
	Emulsified diesel
	NOx, PM, CO
	
	
	
	
	

	
	
	
	Low. Pilot program testing in Houston for tour boat.
	Moderate. Studies show 15-20% NOX reductions and 20-60% PM reductions but with 15-20% fuel penalty.
	Moderate. OGVs require some engine modifications, but these are not expected for harbor craft. There may be issues with fuel separation, storage, and dispensing. 
	Moderate. Expected costs are low, but the most common emulsified diesel, PuriNOx, is no longer produced. It is unknown if available from other sources. 
	Moderate.

	c
	Ethanol, “E-diesel,” “oxydiesel,” or “Dxygenated Diesel (O2D)” 
	PM, NOx , CO, possibly CO2
	
	
	
	
	

	
	
	
	Low. Not widely implemented
	Moderate to High. Significant PM and some NOx, CO reductions. 
	High. Can be substituted for or blended with diesel fuels
	Low. Expected increase of ~ $0.02 - $0.05 per gallon
	High.

	d
	Fuel Cell boats
	All
	
	
	
	
	

	
	
	
	Low. None currently exist, although proof-of-concept vessel in 2003.
	High. No tailpipe emissions.
	Low.
	High but unknown.
	Moderate.

	e
	Natural gas
	PM, NOx, SOx
	
	
	
	—
	

	
	
	
	Low. Test executed in Philadelphia and planned in Los Angeles and Long Beach.
	High. Reductions of over 90% for PM and SOx. Lower reductions expected for NOx.
	Moderate. Proven in non-road applications, but issues with marinizing. 
	Unknown in marine applications. 
	Moderate.

	f
	Propane (LPG)
	PM, NOx, SOx
	
	
	
	—
	

	
	
	
	Low. Proven in non-road applications, but unknown for marine applications. 
	High. Reductions of over 90% for PM and SOx. Lower reductions expected for NOx.
	Moderate. Proven in non-road applications, but issues with marinizing. 
	Unknown in marine applications. 
	Moderate.

	g
	Synthetic fuels
	All.
	
	
	
	
	

	
	
	
	Low. No known marine implementations. 
	Moderate for most species. High for SOx.
	Low. Many technical challenges for large-scale production and may require engine modifications for marine applications.
	Unknown, but expected to be High. 
	Low to Moderate.

	5
	Incentive Programs:

	a
	Reduced Port Fee Programs 
	Primarily NOx and PM, but potentially all.
	
	
	
	
	

	
	
	
	Low. Only two known implementations for harbor craft.
	Moderate to High. Encourages fleets to install available control technologies.
	High. No new technology required.
	Low. Precise operator costs depend on fee structure.
	Moderate to High.

	b
	Emissions Trading Programs
	Currently SOx, but potentially all.
	
	
	
	
	

	
	
	
	Low. Currently only one known implementation for harbor craft.
	Moderate to High. Encourages fleets to install currently available control technologies
	Moderate to High. No new technology explicitly required, but may motivates technology investment to produce trade offsets.
	Low to Moderate. Depends on company implementation. Additional port costs for monitoring and administration.
	Moderate.

	c
	Equipment upgrade programs
	Potentially all.
	
	
	
	
	

	
	
	
	Moderate. EPA, CA, TX have grant programs for retrofits
	Moderate to High. Funding to retrofit/replace old engines to current or better standards. Benefits depend on age of engine and available funding.
	High. Uses and evaluates currently-available technologies.
	Moderate. Impact to fleet offset by funding. Port impact offset if funding is state or federal agency. High if funding provided by port. 
	Moderate to High.

	6
	Other Operational Strategies:

	a
	Onboard computer efficiency optimization
	Potentially all.
	
	
	
	
	

	
	
	
	Low. Few pilot projects implemented. 
	Moderate. European trials showed 10% reduction for push-boat.
	High. Technology developed and proven. Appropriate for line-haul tugs, but not harbor tug activities.
	Moderate. Initial capital cost for technology. 
	Moderate to High.


Table 5‑2: List of Technological Emission Reduction Strategies

	
	Strategy
	Pollutants Affected
	Current Implementation Status
	Emission Reduction Potential
	Technical Feasibility
	Cost Impact
	Overall Score

	1
	Diesel / Electric Hybrid Tug
	Potentially all.
	
	
	
	
	

	
	
	
	Low. Currently only at the Ports of Long Beach and Los Angeles, although others being developed.
	High for assist tugs at ports with shifting/fleeting services. Low for line-haul tugs. 
	Moderate. Technology readily available for on-road applications but additional challenges for marine use.
	Moderate to High. Expected cost is about 20-40% above cost of new, non-hybrid boats.
	Moderate for shifting/fleeting services. N/A for line-haul tugs.

	2
	Z-Drive / ASD
	Potentially all.
	
	
	
	
	

	
	
	
	Moderate. Fairly popular and available technology. 
	Moderate. Savings from decreased power usage. 
	High. Commonly used where available and minor retrofit.
	Moderate to High. Costs approximately half of new engine replacement.
	Moderate to High.

	3
	Engine Rebuild/Repower
	Potentially all.
	
	
	
	
	

	
	
	
	Moderate to High. Common methodology to replace/repair engines. Typically straightforward to do so ahead of regulatory requirements. 
	High. Level depends on components included. 
	High. Improved components generally available. 
	Moderate to High but depends on degree of upgrade. 
	High.

	4
	Engine Retrofits
	Potentially all.
	
	
	
	
	

	
	
	
	Moderate. Fairly straightforward and most technologies available.
	Moderate to High. Level depends on components included. 
	High. Most technologies readily available.
	Moderate but depends on degree of upgrade. 
	High.

	5
	Articulated Tug Barge
	Potentially all.
	
	
	
	
	

	
	
	
	Low to Moderate, but only applicable for offshore tugs.
	Low. Not applicable for inland rivers or harbor tugs. 
	Low. Proven and available technology, but not applicable to river or harbor tugs.
	High. Significantly more expensive than other options.
	Low to Moderate.

	6
	Fleet Replacement / Accelerated Retirement
	Potentially all.
	
	
	
	
	

	
	
	
	Low to Moderate. Freshwater tugs can last up to 50 years, so often need external financial driver.
	Moderate to High. Level depends on degree of advanced components in new vessels.
	High. Relies on available engines and vessels.
	High. Related to cost of new vessels, estimated at about $5 million. Moderate if external funding available.
	Moderate to High.

	7
	Cold Ironing
	All.
	
	
	
	
	

	
	
	
	Low. Current programs in Boston and Philadelphia, but in many locations not suitable for tug activity profile.
	Moderate overall. High in few locations where suits activity profile. Low elsewhere.
	High. Proven technology exists.
	High. High costs for both shore- and vessel-side modifications.
	Moderate.

	8
	Exhaust Aftertreatment Options 

	a
	Diesel Particulate Filters
	PM
	
	
	
	
	

	
	
	
	Moderate. In use at ports of Philadelphia and Boston and the EU Cleanest Ship Program.
	High if ULSD is available and canisters are clean.
	Moderate. Technology exists, but requires large filters. Other technical challenges for marine environment.
	Moderately Low. Reasonable technology exists.
	Moderate to High.

	b
	Diesel Oxidation Catalysts 
	PM, CO, VOC
	
	
	
	
	

	
	
	
	Low. Marine testing at Ports of Philadelphia and Boston. 
	Moderate if ULSD is available.
	Moderate. Technology exists, but requires large catalysts. Other technical challenges for marine environment.
	Low. Reasonably inexpensive, existing technology. 
	Moderate.

	c
	Catalyzed Wire Mesh Filters 
	NOx, PM, VOC, CO
	
	
	
	
	

	
	
	
	Low. Implemented at Port of Boston.
	High.
	Moderate. New technology and requires use of fuel-borne catalyst. ARB and EPA certified for other applications.
	Moderately Low. Comparable to Flow through filters for on-road applications. 
	Moderate to High.

	d
	Selective Catalytic Reduction 
	NOx
	
	
	
	
	

	
	
	
	Low. Tested in a port in NJ/NY.
	High.
	Low. Relatively complex technology. Testing shows promise in marine applications, but size, cost, and variable exhaust temperature make SCR unlikely for tugs. 
	High. Generally considered expensive and impractical. 
	Low to Moderate.

	e
	Lean NOx Catalyst 
	NOx
	
	
	
	
	

	
	
	
	Low. Tested by NYSERDA and in Port of Boston.
	Moderate for NOx only. 
	Moderately Low. Fewer, but similar technical issues to SCR. 
	Moderately High. ARB certified on-road systems cost tens of thousands of dollars. 
	Low to Moderate.

	f
	Sea-water Scrubbing 
	SOx, PM, NOx
	
	
	
	
	

	
	
	
	Low. Tested on ferry in English Channel and Holland America Cruise ship.
	High reductions seen in tests for SOx and PM. Potentially small NOx reductions.
	Moderate. Shows promise, but still emerging technology. Avoids many of the technical hurdles of SCR. Unknown implications for tugs.
	High. Current test units exceed $1M. Unknown for tug applications. 
	Moderate.

	9
	Efficiency Improvements

	a
	Reduced parasitic loads 
	All.
	
	
	
	
	

	
	
	
	Unknown but likely High. Expect that simple strategies to increase efficiency, such as replacing light bulbs will be widely implemented. 
	Low to moderate. May reduce electric consumption by 2-4%
	High. Simple strategies.
	Low. Simple, inexpensive technologies and strategies to implement. 
	High.

	b
	Shutting down idling engines and generators. 
	All.
	
	
	
	
	

	
	
	
	Unknown but likely Moderate. Expect that easily implemented but only if encouraged and appropriate for activity profile.
	High, dependent on amount of time spent at berth.
	High. No technology necessary.
	Low, but could affect auxiliary systems.
	High.

	c
	Reduced underwater hull friction. 
	All.
	
	
	
	
	

	
	
	
	Unknown but likely Moderate. Expect that easily implemented but not widely employed.
	Low. Claimed fuel consumption reductions less than 10%.
	High. Already available.
	Low. Could be implemented as basic maintenance but requires dry docking. 
	Moderate to High.

	d
	Carousel tug 
	All.
	
	
	
	
	

	
	
	
	Low. Only applicable to large vessels, not river or harbor tugs.
	Moderate fuel consumption improvements, but not applicable for smaller vessels.
	High. Already available.
	High. Large, expensive boats unable to work in areas of interest.
	Moderate.
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Suggested Strategies for Further Evaluation

More Favorable Strategies 

To distill these results into a smaller set of strategies for further evaluation, we ranked each strategy according to its scores in each of the criteria listed in Table 5‑1 and Table 5‑2. Table 5‑3 shows the results of each of these together. These are the strategies that initial analysis shows would be generally more favorable for further consideration and emissions analysis. Those considered moderate to high or high are shaded. 

Note that there are several strategies that received the same rank and thus not all possible rank values are paired to a strategy. For example, under Technological Strategies, there are two items tied for third, and thus no fourth ranked strategy. 

Note also that these results are general, and may not apply to any specific port area. 

Table 5‑3: Ranked Tug Emission Reduction Strategies

	Technological Strategies
	Operational Strategies

	
	Strategy
	Average Score
	Rank
	
	Strategy
	Average Score
	Rank

	1
	Diesel / Electric Hybrid Tug
	Moderate for shifting/ fleeting services. N/A for line-haul tugs. 
	
	11
	1
	Reduced Operating Speed
	Moderate to High.
	
	3

	2
	Z-Drive / ASD
	Moderate to High.
	
	7
	2
	Fuel Switching
	Moderate to High.
	
	3

	3
	Engine Rebuild/Repower
	High.
	
	3
	3
	SECA
	Moderate.
	
	8

	4
	Engine Retrofits
	High.
	
	2
	4
	Alternative fuels:

	5
	Articulated Tug Barge
	Low to Moderate.
	
	16
	a
	Biodiesel
	Moderate to High.
	
	3

	6
	Fleet Replacement / Accelerated Retirement
	Moderate to High.
	
	5
	b
	Emulsified diesel
	Moderate.
	
	12

	7
	Cold Ironing
	Moderate.
	
	12
	c
	Ethanol, “E-diesel,” “oxydiesel,” or “Dxygenated Diesel (O2D)” 
	High.
	
	1

	8
	Exhaust Aftertreatment Options
	d
	Fuel Cell boats
	Moderate.
	
	12

	a
	Diesel Particulate Filters
	Moderate to High.
	
	8
	e
	Natural gas
	Moderate.
	
	9

	b
	Diesel Oxidation Catalysts 
	Moderate.
	
	12
	f
	Propane (LPG)
	Moderate.
	
	9

	c
	Catalyzed Wire Mesh Filters 
	Moderate to High.
	
	8
	g
	Synthetic fuels
	Low to Moderate.
	
	14

	d
	Selective Catalytic Reduction 
	Low to Moderate.
	
	16
	5
	Incentive Programs:

	e
	Lean NOx Catalyst 
	Low to Moderate.
	
	16
	a
	Reduced Port Fee Programs 
	Moderate to High.
	
	3

	f
	Sea-water Scrubbing 
	Moderate.
	
	15
	b
	Emissions Trading Programs
	Moderate.
	
	9

	9
	Efficiency Improvements
	c
	Equipment upgrade programs
	Moderate to High.
	
	2

	a
	Reduced parasitic loads 
	High.
	
	3
	6
	Other Operational Strategies:

	b
	Shutting down idling engines and generators. 
	High.
	
	1
	a
	Onboard computer efficiency optimization
	Moderate to High.
	
	3

	c
	Reduced underwater hull friction. 
	Moderate to High.
	
	6
	
	
	
	
	

	d
	Carousel tug 
	Moderate.
	
	12
	
	
	
	
	 


ARB Strategies

It is noteworthy that, at the time of this writing, the California Air Resources Board is considering a rulemaking for adoption of proposed regulations to reduce emissions from commercial harborcraft, including tug and push boats within California waters. The Final Rulemaking Package was filed with the California Office of Administrative Law (OAL) on September 5, 2008, and discusses several strategies to reduce harborcraft emissions. In particular, Section VI of the Technical Support Document (TSD) states:

The primary option by which staff expect vessel owner/operators to comply is engine replacement (repowering). Other options include using a diesel emission control strategy that reduces emissions by at least 25 percent. However, this option only delays the compliance date at which the engine must conform to the emission limits.
The TSD specifically discusses three items, each of which is also selected above: Repowering Vessels (here Technological Strategy 3), Grant Funding Availability (here Operational Strategy 5c), and Alternative Emission Control Strategies (Technological Strategies 4 and 8). The list of strategies listed here as “more favorable” is more comprehensive and less restrictive than those proposed by ARB.
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6. Estimation of Emissions, Reduction Costs, and Effectiveness at Two Ports 

Table 5‑3 ranked the suite of mitigation options according to an estimate of their general application feasibility. Generally, those with moderate-to-high or high overall scores and given a “thumbs up” icon—are the strategies that are here considered likely candidates for emission reduction application and should have their cost effectiveness quantified. 

The full list of strategies presented above could not be analyzed due to time and financial constraints. Further, some strategies do not lend themselves well to quantitative emission reduction analysis. To overcome these obstacles, this section presents the analysis and results of several strategies selected as favorable in the above. Here we present, for a reduced list of strategies, a quantitative analysis of cost effectiveness. This is done by first creating and/or modifying tug and tow boat emission inventories for two ports in the Blue Skyways Collaborative region: St. Louis, MO, and Houston, TX, applying appropriate emission reductions, and determining the cost effectiveness of each strategy at the two sample ports. This section details the results of this cost effectiveness analysis. 

Baseline Inventory for Two Ports

Before evaluating emission reduction strategies, it is first necessary to estimate the level of emissions from tug and tow boats in the areas of interest. This section discusses creation of a tug and tow fleet emission inventory for the St. Louis, MO, and Houston, TX, areas. 

Tug and Tow Emissions in the St. Louis Area

Local fleet data for the tug and tow industry operating the St. Louis area was determined from the US Army Corp of Engineers NDC Database, discussed in Section 3.1. Time and resources were too limited to determine local fleet characteristics from further outreach to fleet owners and operators. Rather resources were conserved by generally relying on published databases. Since a full accounting of all vessels operating in the region is unavailable, we have approximated the St. Louis tug fleet by those vessels registered with a base of operations in the St. Louis area. 214 tug and tow vessels met this criteria. 

This dataset was stratified by vessel power and engine age to create a dataset suitable for emissions inventory calculations, including engine tier and category structure. All counts were binned to achieve this categorization. We have assumed here that vessels rated above 2,000 HP are Category 2 and that vessels rated below 1,500 HP are harbor tugs, while those above 1,500 HP are inland river/line-haul vessels. Table 6‑1 shows the resulting tug fleet in St. Louis grouped in to the appropriate bins. Note that the central HP bins of 1,500-2,000 and 2,000-3,000 were extracted into a single group, then later split evenly into two bins to allow better engine characterization. Thus the number and age parameters in these bins are identical. 

Activity data for the tug and tow fleet in St. Louis was taken from the ARCADIS study.10 This provided detailed activity including time in mode and number of up- and down-river calls and passes for the 1995 base year segregated by HP bin. Although somewhat dated, the level of information contained is of high quality. We assumed that the relative, stratified activity data is not significantly different for 2005, and disaggregated the total number of calls from the WCUS database for St. Louis into the appropriate bins using the relative activity levels from ARCADIS. Table 6‑2 shows the resulting tug and towboat activity data throughout the St. Louis area. Annual activity by vessel is determined relative to the number of vessels in each bin shown in Table 6‑1. 

We based emissions on the adjusted ARCADIS activity study specifically tailored to activity at the ports in St. Louis. However, we used the more recent values for load factors and other parameters documented by EPA in the recent Regulatory Impact Analysis (RIA)
 for commercial marine engines. Corbett and Robinson1 note that EPA duty cycles do not describe inland river tug activity well. However, we believe this analysis represents a best estimate of the tug and tow fleet and is consistent with current regulatory framework. Thus, load factors and average auxiliary power from the 2008 RIA were used with the activity table from Table 6‑2 to estimate main and auxiliary annual operating HP-Hours. These values were then combined with emission factors for NOx, CO, and PM10, and CO2 from the current Best Practices in Port Emission Inventories document 
 and the most recent Puget Sound Inventory
 to estimate annual tug and tow emissions in the St. Louis area. Note here that all values are based on main engine vessel power, so number of main engines per vessel is only implicitly included. Similarly, auxiliary emissions are based on average auxiliary installed power from the RIA rather than number and size of individual engines. Emissions are calculated as if all vessels are operating on 500 ppm NRLM fuel currently without additional emission controls. Table 6‑3 shows the resulting emission estimates for the St. Louis area. 

Table 6‑1: St. Louis Tug Fleet Parameters

	Vessel
	Average Age by Engine Year Bin
	Number Vessels by Engine Year Bin
	Average HP by Engine Year Bin

	HP Bin
	before 1999
	2000 – 2003
	2004 – 2006
	2007 and later
	before 1999
	2000 – 2003
	2004 – 2006
	2007 and later
	before 1999
	2000 – 2003
	2004 – 2006
	2007 and later

	0-750
	1974
	2002
	2006
	2007
	45
	2
	1
	1
	 451 
	 555 
	 600 
	 600 

	750-1500
	1976
	2001
	n/a
	n/a
	32
	1
	n/a
	n/a
	 1,091 
	 1,200 
	n/a
	 n/a 

	1500-2000
	1973
	2001
	n/a
	n/a
	9
	3
	n/a
	n/a
	 1,714 
	 1,264 
	n/a
	 n/a 

	2000-3000
	1973
	2001
	n/a
	n/a
	9
	3
	n/a
	n/a
	 2,449 
	 1,806 
	n/a
	 n/a 

	3000-5000
	1971
	n/a
	n/a
	n/a
	31
	n/a
	n/a
	n/a
	 3,941 
	n/a
	n/a
	 n/a 

	5000-8000
	1979
	n/a
	n/a
	2008
	61
	n/a
	n/a
	1
	 5,979 
	n/a
	n/a
	 6,000 

	8000+
	1976
	n/a
	n/a
	n/a
	16
	n/a
	n/a
	n/a
	 9,250 
	n/a
	n/a
	n/a

	Net by Bin
	1975
	2001
	2006
	2008
	202
	9
	1
	2
	 3,591 
	 1,280 
	 600 
	 3,300 

	Overall Net
	
	
	
	1977
	
	
	
	214
	
	
	
	 3,477 


Table 6‑2: St. Louis Tug Fleet Activity, 2005

	Vessel
HP Bin
	Engine
Category
	Tug
Type
	No. Trips
(Arcadis, 1995)
	% 
Trips
	No. Trips
(WCUS, 2005)
	Time in mode (Hrs / trip)
	Annual
Hrs/Vessel

	
	
	
	
	
	
	Maneuver
	Cruise
	

	0-750
	Cat 1
	harbor
	 4,533 
	20%
	 3,481 
	1.15
	4.34
	 390 

	750-1500
	Cat 1
	harbor
	 2,519 
	11%
	 1,934 
	1.93
	3.57
	 322 

	1500-3000
	
	river/line-haul
	 1,469 
	6%
	 
	1.49
	5.93
	 

	1500-2000
	Cat 1
	river/line-haul
	3%
	 564 
	1.49
	5.93
	 364 

	2000-3000
	Cat 2
	river/line-haul
	3%
	 564 
	1.49
	5.93
	 364 

	3000-5000
	Cat 2
	river/line-haul
	 9,902 
	44%
	 7,604 
	1.91
	6.83
	 2,143 

	5000-8000
	Cat 2
	river/line-haul
	 2,237 
	10%
	 1,718 
	1.51
	8.20
	 269 

	8000+
	Cat 2
	river/line-haul
	 2,037 
	9%
	 1,564 
	1.43
	6.76
	 801 

	Total
	 
	 
	 22,697 
	 
	 17,430 
	 
	 
	 


Table 6‑3: St. Louis Tug Fleet Emissions, 2005

	HP
Bin
	Total Emissions (tons/year)
	Main Engines Only (tons/year)

	
	NOx
	CO
	PM10
	CO2
	NOx
	CO
	PM10
	CO2

	0-750
	 56 
	 9 
	 1.9 
	 3,916 
	 32 
	 6 
	 1.0 
	 2,262 

	750-1500
	 56 
	 8 
	 1.8 
	 3,893 
	 43 
	 6 
	 1.3 
	 2,971 

	1500-2000
	 64 
	 12 
	 1.6 
	 3,545 
	 58 
	 11 
	 1.4 
	 3,182 

	2000-3000
	 96 
	 9 
	 5.3 
	 5,254 
	 91 
	 8 
	 5.1 
	 4,892 

	3000-5000
	 2,438 
	 214 
	 135.1 
	 131,989 
	 2,355 
	 201 
	 131.7 
	 126,228 

	5000-8000
	 888 
	 91 
	 51.0 
	 49,515 
	 867 
	 88 
	 50.2 
	 48,069 

	8000+
	 978 
	 94 
	 60.3 
	 58,257 
	 962 
	 91 
	 59.6 
	 57,146 

	Total
	 4,576 
	 437 
	 257.0 
	 256,369 
	 4,408 
	 412 
	 250.3 
	 244,750 


Tug and Tow Emissions in the Houston Area

In January 2009, the Houston Port Authority (PHA) released an updated detailed emission inventory that included total tug and towboat activity in 2007. 
 We took the total emissions values derived there as is. Table 6‑4 shows these emissions. 

Table 6‑4: Houston Total Tug Fleet Emissions, 2007

	Vessel
Type
	(tons/year)

	
	NOx
	CO
	PM10
	CO2

	Assist
	 782 
	 101 
	 45.5 
	 50,880 

	Towboat
	 1,610 
	 412 
	 63.0 
	 123,626 

	Total
	 2,391 
	 514 
	 108.5 
	 174,506 


Source: Starcrest PHA Emission Inventory 

An appendix in the PHA inventory report lists tug and tow boat vessel parameters, which in turn is referenced to the data in the same USACE database used to derive the St. Louis fleet parameters. Thus we used the fleet data published in the PHA inventory and the expanded data available in the full database to disaggregate the total emissions to the same vessel power and engine age bins, using the same methodology documented above for the St. Louis inventory. This method optimized results available with the limited time and resources available, and produced results consistent with other, detailed, published inventories, while providing the level of detail needed to estimate the cost effectiveness of various strategies in the region. Table 6‑5 and Table 6‑6 show the resulting parameters and activity for the Houston tug and tow boat fleet. 

Note that there were a significant number of vessels (291 of 1,005 total fleet vessels) entered in the database with empty parameters (i.e., “NA”). In Table 6‑5, the vessel distributions have been renormalized such that no “NA vessels” bias the distributions, but the total number of vessels is conserved. Also, any age bins that were unpopulated have been set to the overall average value of vessels in the same age bracket. Note also that, due to rounding, the totals presented in Table 6‑6 differ slightly from those in Table 6‑4. 

Table 6‑5: Houston Tug Fleet Parameters

	Percent by Age
	Avg Age by Engine Year Bin
	Number Vessels by Engine Year Bin
	Avg HP by Engine Year Bin

	HP bucket
	before 1999
	2000 - 2003
	2004 - 2006
	2007 and later
	before 1999
	2000 - 2003
	2004 - 2006
	2007 and later
	before 1999
	2000 - 2003
	2004 - 2006
	2007 and later

	0 - 750
	1975
	2001
	2006
	2007
	 101 
	 3 
	 1 
	 1 
	 577 
	 450 
	 102 
	 600 

	751 - 1500
	1978
	2001
	2005
	n/a
	 429 
	 21 
	 14 
	 - 
	 1,036 
	 1,099 
	 1,229 
	 n/a 

	2001 - 3000
	1977
	2002
	2006
	2007
	 44 
	 8 
	 13 
	 4 
	 2,444 
	 2,400 
	 2,350 
	 2,167 

	1501 - 2000
	1981
	2001
	2005
	2007
	 184 
	 21 
	 37 
	 13 
	 1,757 
	 1,758 
	 1,881 
	 1,850 

	3000 - 5000
	1977
	2002
	2006
	n/a
	 80 
	 6 
	 7 
	 - 
	 3,489 
	 3,350 
	 3,040 
	 n/a 

	5000 - 8000
	1980
	n/a
	n/a
	n/a
	 10 
	 - 
	 - 
	 - 
	 5,909 
	 n/a 
	 n/a 
	 n/a 

	8001+
	1985
	2001
	n/a
	n/a
	 3 
	 4 
	 - 
	 - 
	 9,050 
	 9,400 
	 n/a 
	 n/a 

	Net by Bin
	1978
	2001
	2005
	2007
	852
	63
	72
	18
	 1,523 
	 2,217 
	 1,915 
	 1,827 

	Overall Net
	
	
	
	1982
	 
	 
	 
	1,005
	 
	 
	 
	 1,601 


Table 6‑6: Houston Tug Fleet Emissions, Disaggregated, 2007

	HP bucket
	Engine Category
	Tug Type
	Total Emissions (tons/year)
	Main Engine Emissions Only (tons/year)

	
	
	
	HP-Hours
	NOx
	CO
	PM10
	CO2
	HP-Hours
	NOx
	CO
	PM10
	CO2

	0 - 750
	Cat1
	assist
	 11,407,768 
	 79 
	 14 
	 4 
	 6,606 
	 11,297,742 
	 78 
	 14 
	 4 
	 6,543 

	751 - 1500
	Cat1
	assist
	 90,433,006 
	 625 
	 110 
	 32 
	 52,374 
	 90,322,980 
	 624 
	 110 
	 32 
	 52,312 

	1501 - 2000
	Cat1
	Mixed *
	 84,939,142 
	 710 
	 169 
	 31 
	 49,187 
	 84,381,558 
	 705 
	 168 
	 30 
	 48,871 

	2001 - 3000
	Cat2
	tow boat
	 31,429,397 
	 256 
	 63 
	 11 
	 18,196 
	 30,871,813 
	 251 
	 62 
	 11 
	 17,880 

	3000 - 5000
	Cat2
	tow boat
	 60,167,014 
	 528 
	 114 
	 22 
	 34,840 
	 59,609,431 
	 523 
	 113 
	 21 
	 34,524 

	5000 - 8000
	Cat2
	tow boat
	 11,394,947 
	 103 
	 21 
	 4 
	 6,593 
	 10,837,364 
	 98 
	 21 
	 4 
	 6,277 

	8001+
	Cat2
	tow boat
	 12,689,352 
	 99 
	 24 
	 5 
	 7,343 
	 12,131,768 
	 94 
	 23 
	 4 
	 7,026 

	Total
	 
	 
	 302,460,625 
	2,401
	516
	 109.3 
	 175,138 
	 299,452,657 
	 2,374 
	 511 
	 107.1 
	 173,432 


*
Disaggregation was done as described above for St. Louis, assuming that vessels rated below 1,500 HP are assist tugs, while those above 1,500 HP are tow boats. However, comparison with the total emissions shows that, while mostly true, there is some overlap in the 1,501-2,000 HP bin. 

Strategies for Quantitative Analysis

The strategies with the more favorable overall scores—that is, those with moderate-to-high or high overall scores and given a “thumbs up” icon—are highlighted in blue in Table 5‑3. Ideally, each of these strategies would be quantitatively analyzed at both the ports of St. Louis and New Orleans. However, limited time, funds, and quantitative information required amending this list somewhat. 

Here, we attempted to select strategies for quantitative analysis from those that were previously identified as most likely to be successful based on initial screening. We also attempted to select a reasonable sampling of diverse strategies and attempted to omit similar strategies to reduce the overall number to be analyzed. Also, it became clear that some strategies listed in Table 5‑3 could be classified as either operational or technological. Thus, all subsequent analysis removes divisions between Operational and Technological divisions. 

In the following section we analyze tug and tow emission reduction potential from the following seven strategies: 

4. Vessel Repowering

5. Exhaust Aftertreatment with Diesel Particulate Filters (DPF)

6. Exhaust Aftertreatment with Catalyzed Wire Mesh Filters

7. Selective Catalytic Reduction (SCR)

8. Reduced Vessel Operating Speeds

9. Early Fuel Switching to Ultra Low Sulfur Diesel (ULSD)

10. Use of Biodiesel (>B99).

Use of SCR is included in this list, although not selected in the original set of strategies. This is due to interest in it by the industry.
 The nine other strategies (not included here) remain strategies that may be reasonably anticipated to be effective and should be further explored when additional funds are available. 

Analysis of Emission Reduction Strategy Effectiveness 

Baseline emission calculations, considering local fleet information, at the two ports of interest: St. Louis, MO, and Houston, TX, were presented in Section 6.1. These ports were selected as described in Section 3.2. In this section, we discuss the method and results of analyses estimating the results of application of seven potential tug and tow boat emission reduction technologies at these two ports. By focusing on these two ports, emission reduction calculations, costs, and effectiveness are optimized for the local fleets. 
Cost Effectiveness Calculation Methodology Overview

For each of the seven strategies considered here, cost-effectiveness is estimated following a modified version of the methodology of the Carl Moyer program.
 

The Carl Moyer Methodology

The method used to evaluate grant applications to the Carl Moyer Program considers only the annualized capital cost in the numerator of the cost effectiveness ratio. The capital cost in this case is the amount of the grant given to the applicant for retrofitting existing equipment or purchasing new, lower-emission equipment. The annualized capital cost (ACC) is calculated by the following formula:
ACC = CC x CRF

where CC is the capital cost and CRF is the capital recovery factor. 
The CRF is defined as follows:

CRF = [(1 + i)n i] / [(1 + i)n – 1]

where n is the project life in years, and i is the interest rate (as a decimal fraction). ARB uses a 4% interest rate, which is based on the average annual yields for U.S. Treasury securities.

The annualized capital cost is, in essence, the amount of money that would have to be invested at the given interest rate and for the given number of years to earn a total equal to the capital cost. Another way of looking at capital recovery is that it is the number of dollars that would have to be set aside each year to repay the value lost due to depreciation, and to pay interest costs. Use of the ACC allows one to add the cost of capital and annual operating costs on the same basis. However, the Carl Moyer method does not include annual operating costs.

The denominator of the cost-effectiveness ratio in the Carl Moyer methodology is a weighted sum of the annual reduction in NOx, ROG, and PM10 emissions, with PM10 weighted by a factor of 20. Thus, the formula for cost-effectiveness is:

	Annualized Capital Cost (in $/year)

	(NOx reductions + ROG reductions + 20 * combustion PM10 reductions) (in tons/year)


As a reference level, current Moyer Program guidelines cap cost-effectiveness at $14,300 per ton of combined pollutants. 

Annualized Cost Effectiveness Method

The Carl Moyer method is not appropriate for the present analysis because 1) it ignores operations and maintenance costs (which are significant for some strategies) and 2) it sums all pollutants and therefore does not indicate which strategies should pursued as part of a plan for achieving PM attainment versus ozone attainment or which might be considered effective for potential greenhouse gas mitigation strategies.

EPA, ARB, and other agencies often use a modified version of the Carl Moyer methodology to calculate the cost-effectiveness of rules and regulations. This involves calculating the annualized capital cost, as described above, and adding to that any annual operations and maintenance (O&M) cost. The denominator of the cost-effectiveness ratio is the annual reduction of individual pollutants. Thus, annual emission reduction cost-effectiveness is calculated separately for each pollutant. 

If O&M costs or emission reductions vary by year, typically the first full year values are used. The formula for cost-effectiveness is:

	Annualized Capital Cost + Annual O&M Cost (in $/year)

	Annual emission reduction (in tons/year of individual pollutant)


This method is appropriate for assessing cost-effectiveness in a particular year. It also works well for strategies that involve a one-time lump sum capital cost, constant O&M costs, and constant emissions benefits. This method is less appropriate for strategies that involve capital costs spread over multiple years and varying from year to year, such as major infrastructure projects. It is also less appropriate for strategies that exhibit changes in O&M costs or emissions benefits over time. For the method in which each of the strategies below was framed, this was not an issue. 

We applied the annualized cost effectiveness methodology for each of the following pollutants: NOx, CO, CO2, and PM10. These pollutants were selected to provide a sample of the species of common concern for the community and regulatory agencies. However, not all strategies are effective against all pollutants. In cases where the strategy does not apply to a given pollutant, those species are not considered. 

Emission reductions are calculated relative to a baseline level assuming all vessels are operating on 500 ppm NRLM fuel without additional emission controls.
Finally, costs considered here are capitol or O&M costs directly applicable to fleet owners and operators. It is possible that many of these costs could be shared by local, state, regional, and/or national agencies under cost sharing programs, however none are included in the analysis presented here. Also, other economic benefits, such as those associated with a reduction in adverse health and welfare effects associated with elevated pollution levels, but not directly shouldered by owners and operators, are not included here. The costs considered here are likely to be conservative. 

The following discusses each of the seven strategies in detail. 

Vessel Repowering

Description

Older vessel engines have higher emissions per horsepower-hour (hp-hr) than newer engines. Those vessels with engines manufactured before 2000 have Tier 0, or uncontrolled, engines. The current level of HC+NOx and PM controls, known as Tier 2, have been phased in from 2004 to 2007. However, due to the long lifetime of tug and tow engines (the 2008 RIA uses values of 13 and 23 years for Category 1 and 2 propulsion engines, respectively), the majority of the population remains Tier 0. 

The current strategy envisions early repowering of all Tier 0 engines with current (Tier 2) engines. Because this strategy is considered an alternative to a major engine rebuild, major engine rebuild costs are considered as an alternative project cost. Note also that emission factors used throughout the analyses presented here, as discussed in Section 6.1 are based on the Best Practices document 72 and the Puget Sound Inventory 73 which differ from those in the more recent RIA. These emission factors only show reductions in NOx across the Tier structure, although regulations are designed for PM, too. This is inconsistent with the vessel repowering strategy utilized by the No Net Increase Task Force at the Port of Los Angeles, which shows both PM and NOx reductions.57 

Emission Benefits

To estimate reductions from vessel repowering, we have taken the relative reductions presented in the No Net Increase report and applied them to the emissions from Tier 0 main engines only. The No Net Increase Task Force estimates that repowering harbor craft engines can reduce NOx and PM emissions by an average 60 percent and 25 percent, respectively. This translates an average per vessel reduction of 1.4 and 0.03 tons per year of NOx and PM at the Port of Houston, respectively. In St. Louis, the average, annual, per vessel reductions are 11 and 0.2 tons for NOx and PM. 

Costs

An ARB regression analysis indicates that repowering harbor craft engines cost about $245 per horsepower for migrating to Tier 2 engines.
 We applied this factor to determine the cost of repowering all vessels in each horsepower bin of the Tier 0 engines only (i.e., those dated 1999 and earlier), combining the average vessel power and local vessel fleet counts in each power bin, as shown by Table 6‑1 and Table 6‑5. However, as this strategy is considered an alternative to major engine rebuilds, a similar estimate of cost for rebuild of the same engines was also calculated using the equation in the same ARB presentation. That equation is cost/vessel = $53.932 * Vessel HP + $13,641. The resulting cost difference between repowering and rebuilding was used as the net cost for the strategy, thus tying the overall costs to the local fleet at each harbor. The resulting net repowering cost for an average vessel was $670,000 in St. Louis and $280,000 in Houston, where the average is population weighted.

As discussed in Section 4.2.3, there may also be a cost savings to operators due to increased fuel efficiency. However, these are not considered in this estimate. 

Cost Effectiveness

An annualized cost value was calculated by applying the lifetime estimates from the RIA to the tug fleet in each location and determining a population weighted average project lifetime. In St. Louis that value is 19 years; in Houston it is 15 years. Cost effectiveness was then calculated using the annualized cost effectiveness method. 

While repowering Tier 0 vessels with Tier 2 engines is expensive, its cost-effectiveness for reducing NOx emissions is competitive with other strategies. Table 6‑7 shows the resulting cost-effectiveness values for repowering the entire fleet of Tier 0 vessels. No values are presented for CO2 or CO. This is because fuel consumption per hp-hour is considered independent of engine tier, thus CO2 emissions will not change if repowering with engines of the same power rating. Also, Tier 2 regulations do not apply to CO.

The benefits of repowering are more pronounced in St. Louis as compared to Houston, given the differences in fleet composition. Houston tends to have more new, smaller tugs than St. Louis. 

Table 6‑7: Benefits and Cost Effectiveness for Repowering Tier 0 Main Engines on Tug Fleets 

	Vessel Repowering
	Port of St. Louis
	Port of Houston

	Emission Reduction (tons per year)

	NOX
	2,177
	1,195

	CO
	n/a
	n/a

	PM10
	49
	21

	CO2
	n/a
	n/a

	Cost Effectiveness ($ per ton)

	NOX
	$4,792
	$18,145

	CO
	n/a
	n/a

	PM10
	$214,435
	$1,009,816

	CO2
	n/a
	n/a


Diesel Particulate Filters (DPF)

Description

Diesel Particulate Filters (DPFs) are aftertreatment devices intended to remove pollutants from engine exhaust. DPFs can be retrofitted to existing marine vessels with only minor modifications to the exhaust system. When in use, the filters capture pollutants from the waste stream and incinerate them using either heat from the engine or an outside power source. The technology has been evaluated by the ports of Los Angeles
 and Boston
 to be effective in reducing emissions, and has been certified by the California Air Resources Board as a verified emissions control device.
 

Emission Benefits

DPFs are designed to reduce PM emissions, but while they also reduce HC and CO, they are not effective in removing NOX from engine exhaust. Typically, DPFs are considered to capture 80-90% of PM and 75-85% of CO and HC. For this strategy, we apply EPA-verified emission reduction factors of 90% and 79% for PM and CO, respectively.
 

Costs

While effective at controlling emissions, DPFs are expensive to install and maintain. In addition to an upfront capital cost, DPFs require annual maintenance and slightly increase total fuel consumption. Farrell, Corbett & Winebrake estimate per-vessel average capital costs of $57,300 and annual operation costs of $51,700 for DPF devices in ferries.
 While these values for ferries are conservative, they represent best estimates for harbor craft applications. Additionally, we included an annual per vessel cost for the necessary switching to ULSD based on fleet-specific tug average fuel consumption rates and ULSD cost, as discussed in Section 6.3.7. In St. Louis this cost is $4,700 per vessel; in Houston the annual cost is $14,857. For this strategy, these costs are applied to each port
. DPFs are anticipated to have a lifetime of approximately 10 years; this value was used to determine annualized capitol costs. 

Cost Effectiveness

While DPF technology is expensive, its cost-effectiveness in reducing emissions is competitive with other strategies. The calculations in this section assume that aftertreatment devices are fitted to all vessels in the tug fleets of St. Louis and Houston. Since the costs of this strategy involve both up-front and ongoing costs, an annualized cost value was calculated using the annualized cost effectiveness method. Table 6‑8 shows the resulting cost-effectiveness values. No values are presented for CO2 or NOx. 

The benefits of DPFs are mixed in comparison to other strategies. In St. Louis, DPFs are comparable to ULSD, and more cost-effective than B20. In Houston, however, DPFs are much more expensive than alternative fuels in reducing emissions. This discrepancy is due to differences in fleet composition between St. Louis and Houston; DPFs are more effective on the larger, older tugs in St. Louis than on the smaller, newer tugs in Houston.

Table 6‑8: Benefits and Cost Effectiveness for Use of DPF Devices on Tug Fleets 

	Diesel Particulate Filters (DPF)
	Port of St. Louis
	Port of Houston

	Emission Reduction (tons per year)

	NOX
	n/a
	n/a

	CO
	345
	97

	PM10
	230
	406

	CO2
	n/a
	n/a

	Cost Effectiveness ($ per ton)

	NOX
	n/a
	n/a

	CO
	$39,027
	$760,517

	PM10
	$58,443
	$182,284

	CO2
	n/a
	n/a


Catalyzed Wire Mesh Filters

Description

Catalyzed Wire Mesh Filters (CWMFs) are aftertreatment devices that both act as a filter to remove PM and have a catalyst to remove NOx and CO. They are similar to flow through filters (FTFs) and have been used regularly to reduce on-road diesel emissions. The wire-mesh filter system is designed to work synergistically with a fuel-borne catalyst for additional reductions not available solely to FTFs. Both FTFs and CWMFs are certified reduction technologies by the EPA. 

The strategy employed here is to retrofit the entire fleet of tugs and tows at each port with CWMFs, similar to that presented above for DPFs. 

Emission Benefits

The Mitsui CWMF is certified to reduce emissions of PM, CO, and NOx by 76, 58, and 8.4 percent, respectively.
 For this strategy, we apply these EPA-verified emission reduction factors. No change in CO2 is considered. 

Costs

In on-road applications, DPFs tend to cost about $10,000 to install and maintain, while FTFs cost about $7,000.
 We are unaware of any in-use marine costs for FTFs or CWMFs. To estimate these costs, we took the upfront capital and required O&M per-vessel cost for DPFs from Farrell, Corbett & Winebrake.82 We then scaled these values to the ratio of costs from on-road applications and applied these values to the entire fleet in each location. Additionally, we included an annual per vessel cost for the necessary switching to ULSD based on fuel consumption rates and ULSD cost (see Section 6.3.7) and a cost for the necessary fuel-borne catalyst of $0.05 per gallon.
 CWMFs are anticipated to have a lifetime of approximately 10 years; this value was used to determine annualized capitol costs.

Cost Effectiveness

While CWMF technology is expensive, its cost-effectiveness in reducing emissions is competitive with other strategies for CO and PM, however it is the most expensive NOx strategy. The calculations in this section assume that aftertreatment devices are fitted to all vessels in the tug fleets of St. Louis and Houston. Since the costs of this strategy involve both up-front and ongoing costs, an annualized cost value was calculated using the annualized cost effectiveness method. Table 6‑9 shows the resulting cost-effectiveness values. No values are presented for CO2. 

The discrepancy in cost effectiveness is due to differences in fleet composition between St. Louis and Houston; CWMFs are more effective on the larger, older tugs in St. Louis than on the smaller, newer tugs in Houston.

Table 6‑9: Benefits and Cost Effectiveness for Use of CWMF Devices on Tug Fleets 

	Catalyzed Wire Mesh Filters
	Port of St. Louis
	Port of Houston

	Emission Reduction (tons per year)

	NOX
	384
	201

	CO
	253
	298

	PM10
	195
	82

	CO2
	n/a
	n/a

	Cost Effectiveness ($ per ton)

	NOX
	$28,112
	$283,768

	CO
	$42,653
	$191,266

	PM10
	$55,328
	$691,219

	CO2
	n/a
	n/a


Selective Catalytic Reduction (SCR)

Description

Selective Catalytic Reduction units (SCRs) are aftertreatment devices intended to chemically reduce pollutants from engine exhaust into more benign species, specifically targeting NOX emissions, but also effective for SOx and NH3. Because SCRs rely on injection of a reagent to the exhaust stream, additional tanks are often required to house the urea or ammonia.
 SCRs are ineffective against PM and CO emissions, however SCRs may be combined with DPFs to reduce emissions of essentially all pollutants.

This strategy analyses the use of SCRs without other retrofit technologies, but applied to the entire tug and tow fleets.

Emission Benefits

Because SCRs specifically target NOX, we have applied a reduction factor of 80 percent for NOx, based on EPA verified reduction values.81 No other species are considered. 

Costs

Like DPFs, SCR systems impose both upfront capital costs and ongoing operation and maintenance costs. Ferrell et al. have estimated SCR systems cost an average of $203,000 per vessel for ferries, much more expensive to install than DPFs. O&M costs are also higher, and the units must be supplied with ammonia or urea reagents. On average, predicted annual O&M costs are about $57,700 per vessel..
 However, no additional fee is imposed for use of ULSD, as SCRs are expected to function aptly with current 500 ppm NRLM fuel. As we are aware of no current applications for tugs, we have used these costs for all tugs and tows in St. Louis and Houston. Urea use per vessel was estimated as 7.5 percent of the anticipated annual fuel use by each tug fleet with a cost of aqueous urea of $0.386/gallon.
 SCR units are anticipated to have a lifetime of approximately 15 years; this value was used to determine annualized capitol costs.

Cost Effectiveness

The calculations in this section assume that SCR aftertreatment devices are fitted to all vessels in the tug fleets of St. Louis and Houston. This strategy involves both up-front and ongoing O&M costs. Cost effectiveness was calculated using the annualized cost effectiveness method. Table 6‑10 shows the cost and cost-effectiveness values resulting from this strategy.

SCR can be a cost-competitive strategy for reducing NOX in large tugboats, but is more expensive than other options when applied to small tugboats. As such, the strategy is a competitive choice at the Port of St. Louis, but less so at the Port of Houston. In St. Louis, SCR is more cost-effective than ULSD, but slightly less cost-effective than instituting reduced operating speeds. In Houston, SCR is five-fold more expensive than ULSD as a control strategy for NOX. However, given the high capitol and O&M cost values employed here, these values are likely overestimates. Additionally, SCR works better at higher loads, so would be expected to be more cost effective for line haul and ocean tows that operate with higher load factors. 

Table 6‑10: Benefits and Cost Effectiveness of Tug Fleet Retrofitting with SCR Devices 

	SCR
	Port of St. Louis
	Port of Houston

	Emission Reduction (tons per year)

	NOX
	3,661
	1,913

	CO
	n/a
	n/a

	PM10
	n/a
	n/a

	CO2
	n/a
	n/a

	Cost Effectiveness ($ per ton)

	NOX
	$5,009
	$40,633

	CO
	n/a
	n/a

	PM10
	n/a
	n/a

	CO2
	n/a
	n/a


Reduced Vessel Operating Speeds

Description

Tugboats tend to operate in either cruise or maneuvering modes, with some time at idle.
 The results of Section 2 found that during operation, vessel free-flow speeds generally range from about 6 to 10 mph for inland river and harbor tugs and about 14 to 18 mph for ocean-going tugs. 

Under a vessel speed reduction (VSR) program, the cruise speeds are reduced to decrease engine load. Because engine load, and thus emissions (NOx in particular) increase with vessel speed, slower speeds usually result in lower main engine emissions. The propeller law states that the engine load factor is proportional to the cubed ratio of operating to cruise speed, and speed is distance per unit time. Since slower speeds result in longer cruise times, however, the resulting change in emissions from a VSR program are proportional to the relative speed reduction squared. 

We defined this strategy as having the fleet of tugs in St. Louis reduce their cruise speed 20 percent from an average of 8 mph to an average of 6.4 mph. Note that the same level of time in mode available in St. Louis is not available in Houston, given the structure of the input data used to resolve the emission inventories, as discussed above. Given the lack of necessary information, this strategy is not applied to Houston. 

Emission Benefits

To estimate reductions from reduced vessel speeds, we applied the functional relationship described above to the 20 percent vessel cruise speed reduction. This resulted in a 36 percent decrease in NOx and CO2 emissions, but only for emissions from main engines operating in cruise mode. This translates to total reduction of about 1,300 tons per year of NOx and 71,000 tons per year of CO2 in St. Louis. 

Costs

The costs to include for a VSR program are somewhat subjective. There are no capitol costs, unless there is a monitoring program set up, as for the Port of Los Angeles, or if monitoring equipment is installed on the vessels. However, these are not necessary to reduce speeds. There is an O&M cost associated with delay, but quantifying this is difficult. There may also be a net cost benefits due to reduced fuel consumption and engine wear. 

To conservatively estimate costs here, we have included only the cost due to delay. This cost was determined by determining an expected tariff rate schedule for tug operations to the calculated total annual delay from the strategy. The average rate schedule obtained from an operator in the lower Mississippi was $15,000 per day for tugs less than 3,000 HP and $19,000 for tugs above 3,000 HP. An average for St. Louis was estimated by weighting these values by the annual operating hours by HP bin. The result was an average delay cost of $744 per hour. This was converted to an equivalent amount of tug and tow trips and expected delay due to reduced speeds in the St. Louis area, which produced an overall, annual delay cost of about $15.6 million. 

Cost Effectiveness

The annualized cost was coupled with the expected emission benefits to determine cost effectiveness using the annualized cost effectiveness method. Table 6‑11 shows the resulting cost-effectiveness values for reducing the cruise speeds entire fleet in St. Louis. No values are presented for PM or CO. 

Table 6‑11: Benefits and Cost Effectiveness for Reduced Vessel Operating Speeds for Tug Fleets 

	Reduced Vessel Operating Speeds
	Port of St. Louis
	Port of Houston

	Emission Reduction (tons per year)

	NOX
	1,274
	n/a

	CO
	n/a
	n/a

	PM10
	n/a
	n/a

	CO2
	70,781
	n/a

	Cost Effectiveness ($ per ton)

	NOX
	$12,299
	n/a

	CO
	n/a
	n/a

	PM10
	n/a
	n/a

	CO2
	$221
	n/a


Early Fuel Switching to Ultra Low Sulfur Diesel (ULSD)

Description

Ultra-low sulfur diesel (ULSD), with a sulfur content of 15 ppm, produces fewer emissions that standard 500-ppm offroad (NRLM) diesel, due to its lower sulfur content. ULSD is currently sold for on-road use, pursuant to EPA’s “80-20” ruling, mandating that 80% of on-road diesel meet ULSD standards.
 However, ULSD has yet to significantly penetrate the non-road and marine markets and is not likely to do so until mandated by EPA over the 2012-2014 time period. 

This strategy reduces emissions by introducing a switch of fuel for the entire tug and tow fleet to ULSD before the EPA mandated date. While the benefits of ULSD are smaller than those of B100, the smaller costs lead to greater cost-effectiveness. 

Emission Benefits

ULSD is cleaner burning than standard NRLM diesel, producing fewer emissions without reducing performance. Unlike biodiesel, ULSD does not cause an increase in NOX emissions. ULSD has been shown to reduce PM by 13%, CO by 6%, and NOX by 3%.
 In addition, ULSD fuel enables the use of exhaust aftertreatment technologies such as diesel particulate filters (DPFs), which require lower sulfur content for operation. 

Costs

Since ULSD is currently in-use for on-road truck fleets, its cost is typically only slightly higher than higher-sulfur fuels. DOE data shows that as of March 2009 ULSD is less than one-half cent per gallon more expensive than traditional diesel fuels.
 However, as NRLM is less expensive than on-road diesel, EPA estimates that the cost differential between ULSD and NRLM is $0.04 per gallon, after accounting for reduced maintenance costs associated with higher sulfur NRLM fuels.
 The calculations in this strategy utilize EPA’s cost estimate to determine cost effectiveness.
Cost Effectiveness

The cost effectiveness calculations in this section assume 100% adoption of ULSD at the ports of St. Louis and Houston. The emission reductions at each port are calculated by applying ULSD emission reduction factors to each port’s annual emission inventory, resulting in an annual decrease of 13.8 tons of PM in Houston and 33.4 tons of PM in St. Louis. The total emission benefits of this strategy are presented in Table 6‑12.

The costs of this strategy increase in proportion to total fuel consumption at the two ports of analysis. Total fuel consumption is calculated from port inventory data discussed above by combining total port activity (measured in HP-hrs) with the fuel-consumption rate used in the 2008 RIA71 of 0.35 lbs/HP-hr and a density 7.09 lbs/gallon. 

Total cost effectiveness of this strategy are calculated using the annualized cost effectiveness method. Overall, the ULSD strategy is more cost-effective at St. Louis, with the exception of CO, which can be reduced more effectively at Houston. At both ports, the cost effectiveness of ULSD is two to three times greater than B100 biodiesel. Notably, the use of ULSD results in a reduction in NOX emissions, while B100 causes NOX emissions to increase. Total cost effectiveness values are presented in Table 6‑12.

Table 6‑12: Benefits and Cost Effectiveness of Early Fuel Switching Tug Fleets to ULSD

	Early Fuel Switching to ULSD
	Port of St. Louis
	Port of Houston

	Emission Reduction (tons per year)

	NOX
	137
	72

	CO
	26
	31

	PM10
	33
	14

	CO2
	n/a
	n/a

	Cost Effectiveness ($ per ton)

	NOX
	$6,501
	$8,326

	CO
	$34,054
	$19,373

	PM10
	$26,714
	$42,343

	CO2
	n/a
	n/a


Use of Biodiesel (B100)

Description

A biofuel strategy can reduce tugboat emissions by substituting cleaner-burning biofuel blends in place of standard off-road diesel fuel. Biodiesel fuels are typically used either in pure (“neat”) form or blended with diesel. While neat biodiesel is more expensive than a blended fuel, it has far greater emission benefits. This strategy replaces diesel fuel with 100 percent pure (also known as neat or B100) biodiesel for the entire fleet operating in each harbor. 

Emission Benefits

B100 does not contain any sulfur, aromatic compounds, heavy metals, or crude oil residues. Tests conducted by EPA show that engines operating on B100 emit 47 percent less CO and 47 percent less PM when compared to low-sulfur (500ppm) diesel. However, NOX emissions may increase by about 10 percent due to the renewable fuel’s higher oxygen content.81 A 22 percent reduction for CO2 over the fuels lifecycle is used, based on results of the West Coast Biodiesel Collaborative’s experience with ferry transit.
 

Costs

The price of B100 can fluctuate significantly over time and by region, resulting in significantly variable costs. While DOE statistics indicate that the price premium of biodiesel over diesel has been decreasing in recent years
, there still remains a significant price differential between B100 and offroad (NRLM) diesel. As of October 2008, B100 carried a price premium of approximately $0.84 per gallon. NRLM diesel costs averaged over several ports were about $3.75 per gallon,
 while B100 costs were about $4.58 per gallon of diesel equivalent.
 

Cost Effectiveness

In order to calculate the benefits of B100 uniformly at the ports of St. Louis and Houston, the benefits of biodiesel are calculated for 100 percent fleet adoption of B100. Biodiesel emission reduction factors are applied to the total annual emissions at each port individually. This results in an estimated net annual decrease of 121 tons of PM10 , 205 tons of CO, and 56,401 tons of CO2 in St. Louis. In Houston, 51 tons of PM10, 241 tons of CO, and 38,391 tons of CO2 are removed via this strategy. Both ports show a net annual increase of NOX; thus these results are not presented. Table 6‑13 shows the total emission benefits from converting the entire tug and tow fleet in each location to B100.

The total cost of this strategy to operators at the ports of St. Louis and Houston are proportional to total B100 fuel consumption. Fuel consumption is calculated from port inventory data by combining total port activity (measured in HP-hrs) with EPA fuel-intensity measures of tugboat activity (measured in gallons / HP-hr).
 Table 6‑13 shows the resulting Cost effectiveness of this strategy for the ports of St. Louis and Houston, calculated using the annualized cost effectiveness method. 

Table 6‑13: Benefits and Cost Effectiveness of Switching Tug Fleets to B100

	Use of Biodiesel (>B99)
	Port of St. Louis
	Port of Houston

	Emission Reduction (tons per year)

	NOX
	n/a
	n/a

	CO
	205
	241

	PM10
	121
	51

	CO2
	56,401
	38,391

	Cost Effectiveness ($ per ton)

	NOX
	n/a
	n/a

	CO
	$90,831
	$51,504

	PM10
	$154,386
	$243,895

	CO2
	331
	$324


Summary of Cost Effectiveness Results

Table 6‑14 and Table 6‑15 show the total emissions saved and resulting total cost effectiveness at each of the two ports for the strategies discussed above. 

Table 6‑14: Summary of Emissions Reduced at Two Ports, in Short Tons 

	Strategy
	NOx
	CO
	PM10
	CO2

	
	St. Louis
	Houston
	St. Louis
	Houston
	St. Louis
	Houston
	St. Louis
	Houston

	Vessel Repowering
	2,177
	1,195
	n/a
	n/a
	49
	21
	n/a
	n/a

	Diesel Particulate Filters (DPF)
	n/a
	n/a
	345
	97
	230
	406
	n/a
	n/a

	Catalyzed Wire Mesh Filters
	384
	201
	253
	298
	195
	82
	n/a
	n/a

	SCR
	3,661
	1,913
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Reduced Vessel Operating Speeds
	1,274
	n/a
	n/a
	n/a
	n/a
	n/a
	70,781
	n/a

	Early Fuel Switching to ULSD
	137
	72
	26
	31
	33
	14
	n/a
	n/a

	Use of Biodiesel (B100)
	n/a
	n/a
	205
	241
	121
	51
	56,401
	38,391


Table 6‑15: Summary of Cost Effectiveness at Two Ports, in Dollars per Short Ton 

	Strategy
	NOx
	CO
	PM10
	CO2

	
	St. Louis
	Houston
	St. Louis
	Houston
	St. Louis
	Houston
	St. Louis
	Houston

	Vessel Repowering
	$ 4,792
	$ 18,145
	n/a
	n/a
	$ 214,435
	$ 1,009,816
	n/a
	n/a

	Diesel Particulate Filters (DPF)
	n/a
	n/a
	$ 39,027
	$ 760,517
	$ 58,443
	$ 182,284
	n/a
	n/a

	Catalyzed Wire Mesh Filters
	$ 28,112
	$ 283,768
	$ 42,653
	$ 191,266
	$ 55,328
	$ 691,219
	n/a
	n/a

	SCR
	$ 5,009
	$ 40,633
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Reduced Vessel Operating Speeds
	$ 12,299
	n/a
	n/a
	n/a
	n/a
	n/a
	$ 221
	n/a

	Early Fuel Switching to ULSD
	$ 6,501
	$ 8,326
	$ 34,054
	$ 19,373
	$ 26,714
	$ 42,343
	n/a
	n/a

	Use of Biodiesel (B100)
	n/a
	n/a
	$ 90,831
	$ 51,504
	$ 154,386
	$ 243,895
	$ 331
	$ 324


Of the seven strategies considered here, SCR showed the greatest overall reductions in NOx, while DPFs showed the greatest overall PM reductions, and CO reductions were comparable with DPFs, CWMFs, and B100. Reduced vessel operating speeds showed the greatest CO2 reductions. 

Vessel repowering, as envisioned here, showed to be the most cost effective strategy for reducing NOx, in St. Louis, although SCR and ULSD were comparable; ULSD shows as the most cost effective in Houston. ULSD is the most cost effective PM reduction strategy in both areas, followed by DPFs and CWMFs, although it is worth noting that while ULSD is more than twice as cost effective for PM as DPFs and CWMFs, they subsumes that strategy since it requires the same fuel. Reducing vessel speeds is the most cost effective way to reduce CO2.

The values estimated here are somewhat higher than other estimates. For example, we estimate SCR to cost roughly $5,000 per ton of NOx in St. Louis and $41,000/ton in Houston. When looking at three ferries, Farrell et al.82 found average values of $1,600/ton. Similarly, we estimate DPF/CWMF cost effectiveness at $58,000/$55,000 and $180,000/$690,000 per ton of PM10 in St. Louis and Houston, respectively; Farrell et al. estimate the average cost effectiveness of “catalyst filters” for three ferries at about $41,000 per ton of PM. The present analysis found the cost effectiveness of using B100 in tug fleets to be about $150,000 per ton of PM10 in St. Louis and about $240,000/ton in Houston. When investigating goods movement reduction strategies in Southern California, SCAG
 derived slightly lower cost effectiveness values for harbor craft use of biodiesel of about $115,000 per ton of PM2.5. this tendency toward higher values is likely due to the generally conservative cost approach included. 

It should be noted that, while individual costs, and thus cost effectiveness values, are uncertain, given the similar strategy evaluation methods, costs and cost effectiveness comparisons between strategies should be directly comparable. 
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Appendix A:
Top 100 Tug and Towboat Operators
in the Blue Skyways Collaborative Region

	Rank
	Operator ID
	Name
	State
	Number of Boats
	Point of Contact
	Phone Number
	Address
	City
	State
	Region of Operation

	1
	3324416
	KIRBY INLAND MARINE, LP
	TX
	178
	Theresa Robertson
	713-435-1000
	55 WAUGH DRIVE SUITE 1000
	HOUSTON
	TX
	GULF INTRACOASTAL WATERWAY; MISSISSIPPI, TOMBIGBEE AND WARRIOR RIVER SYSTEMS; ILLINOIS, OHIO AND TENNESSEE RIVERS

	2
	1742168
	INGRAM BARGE CO.
	TN
	127
	John Patterson, Safety Training & Environmental Officer
	615-298-8200
	4400 HARDING RD.
	NASHVILLE
	TN
	GULF INTRACOASTAL WATERWAY AND CUMBERLAND, ILLINOIS, MISSISSIPPI, OHIO, TENNESSEE, MONONGAHELA RIVERS; TENN-TOM, BLACK-WARRIOR AND TOMBIGBEE WATERWAYS

	3
	1803295
	AMERICAN COMMERCIAL LINES, LLC
	IN
	107
	ATTN: BOAT MAINTENANCE (DENNIS MARSH)
	812-288-0100
	P. O. BOX 610
	JEFFERSONVILLE
	IN
	ST. LOUIS HARBOR; UPPER AND LOWER MISSISSIPPI, ILLINOIS, OHIO, MISSOURI, CUMBERLAND AND TENNESSEE RIVERS

	4
	3200070
	DELTA TOWING, LLC
	LA
	61
	ATTN: DANNY TALBOT
	985-851-0566
	229 DEVELOPMENT ST.
	HOUMA
	LA
	LAKES, BAYS AND SOUNDS - BROWNSVILLE, TX TO MISSISSIPPI

	5
	3209805
	BLESSEY MARINE SERVICES, INC.
	LA
	45
	Angie Fay, Managers of Environmental Affairs
	504-734-1156
	P. O. BOX 23734
	HARAHAN
	LA
	INTRACOASTAL WATERWAY (TEXAS TO FLORIDA); LOWER AND UPPER MISSISSIPPI, OHIO, ILLINOIS, RED, TENN-TOM, CUMBERLAND RIVERS; LIMITED LAKE MICHIGAN, ATCHAFALAYA, BLACK WARRIOR AND ALABAMA

	6
	1804988
	MARQUETTE TRANSPORTA-TION CO.
	KY
	44
	David Griggs, vessel safety officer.
	270-443-9404
	150 BALLARD CIRCLE
	PADUCAH
	KY
	MISSISSIPPI RIVER AND TRIBUTARIES

	7
	3212096
	FLORIDA MARINE TRANSPORTERS, INC.
	LA
	43
	Louis Develle, chief security & safety officer
	985-629-2082
	2360 FIFTH ST.
	MANDEVILLE
	LA
	GULF INTRACOASTAL WATERWAY AND MISSISSIPPI, BLACK WARRIOR, TOMBIGBEE, APALACHICOLA, CHATTAHOOCHEE, FLINT, ALABAMA, TENNESSEE, CUMBERLAND, ARKANSAS, OHIO, ILLINOIS AND ATCHAFALAYA RIVERS

	8
	3202075
	AMERICAN RIVER TRANSPORTATION CO.
	LA
	37
	Kerry Gunter, Office Manager
	504-431-1488
	P. O. BOX 656
	AMA
	LA
	MISSISSIPPI RIVER AND TRIBUTARIES

	9
	3215568
	CENAC TOWING COMPANY, INC.
	LA
	34
	ATTN: RON WADDELL
	985-872-2413
	P. O. BOX 2617
	HOUMA
	LA
	GULF INTRACOASTAL WATERWAY, LOWER AND UPPER MISSISSIPPI RIVER, ATCHAFALAYA RIVER, PORT ALLEN ROUTE, OHIO RIVER, ETC.; AND GULF OF MEXICO

	10
	3200855
	CROSBY MARINE TRANSPORTATION, LLC
	LA
	34
	Kent Fournier, Operations Manager
	985-632-7575
	P. O. BOX 279
	GOLDEN MEADOW
	LA
	BAYS AND LAKES OF LOUISIANA

	11
	2950960
	LUHR BROS., INC.
	IL
	31
	0
	573-335-4198
	250 SAND BANK ROAD;P. O. BOX 50
	COLUMBIA
	IL
	UPPER & LOWER MISSISSIPPI RIVER AND ITS' TRIBUTARIES, INCLUDING THE GIWW

	12
	2041720
	AEP MEMCO LLC
	MO
	31
	HARRY WADDINGTON
	636-530-2100
	16090 SWINGLEY RIDGE ROAD SUITE 600
	CHESTERFIELD
	MO
	MISSISSIPPI RIVER, OHIO RIVER, ILLINOIS RIVER & TRIBUTARIES

	13
	3300925
	MARYLAND MARINE, INC.
	TX
	30
	ATTN: TRACI KERR
	713-552-1101
	1980 POST OAK BLVD. SUITE 1101
	HOUSTON
	TX
	HOUSTON, GIWW, NEW ORLEANS AND MISSISSIPPI RIVER

	14
	1802143
	AMERICAN COMMERCIAL LINES TRANSPORTATION SERVICES
	IN
	29
	ATTN: DENNIS MARSH
	812-288-0100
	P. O. BOX 610
	JEFFERSONVILLE
	IN
	ST. LOUIS, MO/UPPER AND LOWER MISSISSIPPI, ILLINOIS, OHIO, MISSOURI, CUMBERLAND, TENNESSEE, EAST & WEST CANAL

	15
	3277811
	SETTOON TOWING, L.L.C.
	LA
	28
	ATTN: DONNIE PERERA
	985-252-4499
	P. O. BOX 279;1081 HWY. 70
	PIERRE PORT
	LA
	MORGAN CITY - PORT ALLEN ROUTE, PRIVATELY OWNED OIL FIELD CANALS, OLD RIVER (ATCHAFALAYA BASIN) AND BAYOU LONG

	16
	1822176
	CROUNSE CORPORATION
	KY
	27
	0
	270-444-9611
	2626 BROADWAY;P. O. BOX 8109
	PADUCAH
	KY
	MISSISSIPPI, OHIO, TENNESSEE, CUMBERLAND, GREEN, KANAWHA, MONONGAHELA, LICKING AND BLACK WARRIOR RIVERS AND TENN-TOM WATERWAY

	17
	3169552
	PINE BLUFF SAND & GRAVEL CO.
	AR
	26
	ATTN: DREW ATKINSON
	318-487-1731
	P. O. BOX 7008
	PINE BLUFF
	AR
	MISSISSIPPI, WHITE, ARKANSAS AND RED RIVERS

	18
	3248944
	LE BEOUF BROS. TOWING, LLC
	LA
	25
	ATTN: CECIL NEAL
	985-594-6692
	P. O. BOX 9036
	HOUMA
	LA
	INLAND AND INTRACOASTAL WATERWAYS OF LOUISIANA; MISSISSIPPI, OHIO AND ILLINOIS RIVERS; TEXAS AND ALABAMA

	19
	3385204
	MARTIN MIDSTREAM PARTNERSHIP, LLC
	TX
	25
	0
	409-783-2427
	2904 N. 23RD ST.
	LAPORTE
	TX
	INLAND WATERS, LAKES, BAYS AND SOUNDS

	20
	1605651
	CRESCENT TOWING & SALVAGE CO., INC.
	AL
	25
	ATTN: SUSAN BATES
	251-433-2580
	118 N. ROYAL ST. SUITE 1200
	MOBILE
	AL
	MOBILE, AL - PORT OF MOBILE, INTERCOASTAL WATERWAY; NEW ORLEANS, LA - PORT OF NEW ORLEANS; MISSISSIPPI RIVER; INTERCOASTAL WATERWAY; SAVANNAH, GA - PORT OF SAVANNAH

	21
	3227052
	ECKSTEIN MARINE SERVICES
	LA
	23
	0
	504-733-5845
	P. O. BOX 23521
	HARAHAN
	LA
	INLAND AND WESTERN RIVERWAYS OF LOUISIANA; MISSISSIPPI RIVER AND THE GULF INTRACOASTAL WATERWAYS

	22
	3224080
	DE VALL TOWING
	LA
	22
	ATTN: KENNY DEVALL
	337-762-4703
	P. O. BOX 129
	HACKBERRY
	LA
	LOWER MISSISSIPPI RIVER AND GULF INTRACOASTAL WATERWAY

	23
	3203082
	CENTRAL BOAT RENTALS, INCORPORATED
	LA
	19
	0
	985-384-8200
	END OF YOUNG'S RD.;P. O. BOX 2545
	MORGAN CITY
	LA
	BROWNSVILLE / GALVESTON, TX TO MOBILE, AL

	24
	3239442
	HOOKS, MIKE, INC.
	LA
	19
	0
	337-436-6693
	409 MIKE HOOKS ROAD
	WESTLAKE
	LA
	INLAND WATERS, BAYS AND SOUNDS OF THE GULF STATES - TEXAS, LOUISIANA, MISSISSIPPI, ALABAMA AND FLORIDA

	25
	3158520
	MAGNOLIA MARINE TRANSPORT CO.
	MS
	19
	ATTN: LESTER CRUSE
	601-638-5921
	P. O. BOX 308
	VICKSBURG
	MS
	GULF INTRACOASTAL WATERWAY - MISSISSIPPI, OHIO, ILLINOIS, TENNESSEE, CUMBERLAND, MISSOURI, MONONGAHELA, ARKANSAS, TENN-TOM, WARRIOR-TOMBIGBEE, APALACHICOLA AND FLINT RIVERS

	26
	1693968
	WARRIOR & GULF NAVIGATION COMPANY
	AL
	18
	ATTN: PAUL HARTMAN
	251-452-6030
	P. O. BOX 11397
	CHICKASAW
	AL
	GULF INTRACOASTAL WATERWAY; ALABAMA, MISSISSIPPI, BLACK WARRIOR, TOMBIGBEE, TENNESSEE AND OHIO RIVER SYSTEMS, TENN-TOM WATERWAY, ARKANSAS RIVER, CUMBERLAND RIVER

	27
	1667448
	PARKER TOWING CO., INC.
	AL
	17
	0
	205-391-1127
	P. O. BOX 020908
	TUSCALOOSA
	AL
	BLACK WARRIOR AND TOMBIGBEE; TENNESSEE-TOMBIGBEE; APALACHICOLA, OHIO AND MISSISSIPPI RIVERS; AND INTRACOASTAL WATERWAY

	28
	3214000
	CANAL BARGE COMPANY, INC.
	LA
	16
	ATTN: MATT WESTHOLZ
	504-581-2424
	835 UNION ST. SUITE 300
	NEW ORLEANS
	LA
	GULF INTRACOASTAL WATERWAY AND MISSISSIPPI RIVER SYSTEM

	29
	1857792
	TECO BARGE LINE
	IL
	16
	0
	618-524-3100
	100 SCOTT STREET
	METROPOLIS
	IL
	MISSISSIPPI, OHIO, ARKANSAS, TENNESSEE AND CUMBERLAND RIVER SYSTEMS

	30
	3080640
	SOUTHERN TOWING CO.
	TN
	16
	0
	901-386-2644
	P. O. BOX 411
	MEMPHIS
	TN
	MISSISSIPPI RIVER SYSTEM AND GULF INTRACOASTAL WATERWAY; AND ARKANSAS, OHIO, ILLINOIS AND TENNESSEE RIVERS

	31
	3000899
	WESTERN RIVERS BOAT MANAGEMENT, INC.
	AR
	15
	0
	870-856-6130
	P. O. BOX 11
	ASH FLAT
	AR
	ALL WESTERN RIVERS

	32
	3282432
	STONE, JOHN W., OIL DISTRIBUTOR, L.L.C.
	LA
	15
	ATTN: MIKE COLLETTI
	504-366-3401
	P. O. BOX 2010
	GRETNA
	LA
	NEW ORLEANS AREA

	33
	2701091
	UPPER RIVER SERVICES, LLC
	MN
	15
	0
	651-292-9293
	40 STATE STREET
	ST. PAUL
	MN
	UPPER MISSISSIPPI RIVER IN THE ST. PAUL - MINNEAPOLIS AREA

	34
	3143902
	JANTRAN, INC.
	MS
	15
	0
	662-759-6841
	P. O. BOX 397
	ROSEDALE
	MS
	ARKANSAS AND LOWER MISSISSIPPI RIVERS

	35
	3303650
	BROWN WATER MARINE SERVICE, INC.
	TX
	15
	0
	361-729-3721
	P. O. BOX 2269
	ROCKPORT
	TX
	GULF INTRACOASTAL WATERWAY OF THE STATES OF TEXAS AND LOUISIANA

	36
	2003808
	MARATHON PETROLEUM COMPANY, LLC
	KY
	15
	0
	606-326-2501
	1000 ASHLAND DRIVE
	RUSSELL
	KY
	GULF INTRACOASTAL WATERWAY AND MISSISSIPPI AND OHIO RIVER SYSTEMS

	37
	2814280
	CANTON MARINE TOWING CO., INC.
	MO
	15
	0
	573-288-4486
	1506 WYACONDA AVENUE
	CANTON
	MO
	KEOKUK (LOCK 19) TO SAVERTON (LOCK 22) ON THE MISSISSIPPI RIVER

	38
	2903784
	AMERICAN RIVER TRANSPORTATION CO.
	MO
	15
	0
	314-481-8828
	P. O. BOX 2889;4528 S. BROADWAY
	ST. LOUIS
	MO
	ST. LOUIS HARBOR; UMR MILE 164 TO UMR MILE 204

	39
	3200390
	BISSO, E. N. & SON, INC.
	LA
	14
	0
	504-861-1303
	3939 N. CAUSEWAY BLVD., SUITE 401
	METAIRIE
	LA
	MISSISSIPPI RIVER GULF OUTLET AND MISSISSIPPI RIVER FROM SEA BOUY THROUGH THE BATON ROUGE HARBOR AND U. S. GULF

	40
	3308428
	BAY-HOUSTON TOWING CO.
	TX
	13
	ATTN: MARK E. KUEBLER
	713-529-3755
	P. O. BOX 3006
	HOUSTON
	TX
	FREEPORT, GALVESTON, CORPUS CHRISTI, TX; HOUSTON SHIP CHANNEL AND TEXAS CITY CHANNEL TO GULF OF MEXICO

	41
	3554320
	MASSMAN CONSTRUCTION CO.
	MO
	13
	0
	816-523-1000
	8901 STATE LINE;P. O. BOX 8458
	KANSAS CITY
	MO
	MISSISSIPPI RIVER SYSTEM

	42
	2897828
	ARTCO FLEETING SERVICES
	WI
	13
	0
	608-725-2311
	P. O. BOX 585
	CASSVILLE
	WI
	MISSISSIPPI AND ILLINOIS RIVERS

	43
	3209184
	BISSO TOWBOAT CO., INC.
	LA
	12
	0
	504-861-1411
	P. O. BOX 4250
	NEW ORLEANS
	LA
	PORT OF NEW ORLEANS

	44
	3343008
	SUDERMAN & YOUNG TOWING CO., L.P.
	TX
	12
	0
	713-529-9944
	2777 ALLEN PARKWAY, SUITE 900
	HOUSTON
	TX
	CORPUS CHRISTI, FREEPORT, GALVESTON AND TEXAS CITY HARBORS; AND HOUSTON, TX

	45
	3210199
	BOLLINGER SHIPYARDS LOCKPORT, L.L.C.
	LA
	11
	ATTN: L. CLIFTON DICKERSON III, LEGAL OFFICE
	985-532-2554
	P. O. BOX 250
	LOCKPORT
	LA
	INLAND AND COASTAL WATERS OF GULF STATES AND GULF OF MEXICO

	46
	3211760
	BROUSSARD BROTHERS, INC.
	LA
	11
	0
	337-893-5303
	25817 LA. HWY 333
	ABBEVILLE
	LA
	GULF INTRACOASTAL WATERWAY -- HARVEY LOCKS -- PORT ARTHUR, TX

	47
	3201693
	DOUBLE EAGLE MARINE, LLC
	LA
	11
	0
	337-367-8068
	P. O. BOX 12808
	NEW IBERIA
	LA
	INTERCOASTAL WATERWAY BETWEEN APALACHICOLA, FL AND BROWNSVILLE, TX; AND INLAND RIVERS, BAYS AND SOUNDS OF LOUISIANA

	48
	3302735
	SIGNET MARITIME CORPORATION
	TX
	11
	0
	713-840-1100
	1330 POST OAK BLVD. SUITE 2150
	HOUSTON
	TX
	GULF OF MEXICO AND GULF INTRACOASTAL WATERWAY OF LOUISIANA AND TEXAS

	49
	2636397
	HANNAH MARINE CORPORATION
	IL
	11
	ATTN: ELLIE TICHY
	630-257-5457
	13155 GRANT ROAD
	LEMONT
	IL
	LAKE AND RIVER HARBORS IN VICINITY OF CHICAGO, IL; GREAT LAKES AREA; AND UPPER AND LOWER MISSISSIPPI RIVER; GULF OF MEXICO

	50
	2906537
	AMERICAN BOAT COMPANY, LLC
	IL
	11
	0
	618-798-9800
	4439 OLD ALTON ROAD
	GRANITE CITY
	IL
	MISSISSIPPI RIVER AND ILLINOIS RIVER

	51
	1784784
	TENNESSEE VALLEY AUTHORITY
	TN
	11
	0
	865-632-8872
	WATER MANAGEMENT;400 WEST SUMMIT HILL DR.
	KNOXVILLE
	TN
	TENNESSEE, CUMBERLAND, OHIO AND MISSISSIPPI RIVERS

	52
	3200028
	HARVEY GULF INT'L MARINE
	LA
	10
	0
	504-348-2466
	3817 SPENCER ST.
	HARVEY
	LA
	INLAND AND OFFSHORE WATERS FROM FOURCHON, LA TO RIGS (MODU'S) OFFSHORE IN GULF OF MEXICO

	53
	3203860
	HIGHLAND MARINE, L.L.C.
	LA
	10
	0
	504-457-0074
	6620 RIVERSIDE DRIVE SUITE 100
	METAIRIE
	LA
	MISSISSIPPI RIVER AND GULF ICWW OF LOUISIANA

	54
	2603189
	ILLINOIS MARINE TOWING, INC.
	IL
	10
	MR. ROBERT BARNES, GENERAL MANAGER
	630-257-3400
	379 RIVER ST.;P. O. BOX 536
	LEMONT
	IL
	CHICAGO, IL TO CAIRO, IL; ALSO, LAKE AND RIVER HARBORS IN VICINITY OF CHICAGO, IL

	55
	2958688
	MISSOURI BARGE LINE COMPANY
	MO
	10
	0
	573-651-4040
	102 N. MAIN;P. O. BOX 1602
	CAPE GIRARDEAU
	MO
	MISSISSIPPI AND OHIO RIVER SYSTEMS

	56
	3017696
	CHOCTAW TRANSPORTATION CO., INC.
	TN
	10
	ATTN: RICKEY FERGUSON
	731-285-4664
	P. O. BOX 585
	DYERSBURG
	TN
	MISSISSIPPI RIVER SYSTEM, TENN-TOM WATERWAY AND INLAND WATERWAYS

	57
	3205321
	DRD TOWING CO., INC.
	LA
	9
	0
	504-347-7666
	P. O. BOX 1783
	MARRERO
	LA
	ACBL FLEET HARAHAN MILE 101; ACBL FLEET ARMANT MILE 152 AND AZALEA FLEET MILE 118

	58
	3267950
	PEARL RIVER NAVIGATION, INC.
	LA
	9
	ATTN: ALLEN WARRINER
	985-641-6243
	P. O. BOX 1112
	SLIDELL
	LA
	SLIDELL, LA TO HOUMA, LA; SLIDELL, LA TO PANAMA CITY, FL; WEST PEARL RIVER FROM GULF INTRACOASTAL WATERWAY TO BOGALUSA, LA MILE 56; AND INTRACOASTAL WATERWAY TO ORANGE, TX

	59
	3200113
	TALEN'S MARINE & FUEL, INC.
	LA
	9
	0
	337-774-5480
	P. O. BOX 1040
	LAKE ARTHUR
	LA
	GULF INTRACOASTAL WATERWAY OF LOUISIANA AND TEXAS

	60
	3100089
	TERRAL RIVER SERVICE, INC.
	LA
	9
	0
	318-559-1500
	10100 HWY. 65 SO.
	LAKE PROVIDENCE
	LA
	MISSISSIPPI RIVER AND GIWW

	61
	3312404
	BUFFALO MARINE SERVICE, INC.
	TX
	9
	0
	713-923-5571
	P. O. BOX 5006
	HOUSTON
	TX
	HOUSTON, TX TO GULF INTRACOASTAL WATERWAY AND TRIBUTARIES

	62
	3326656
	DUGAT, RAYMOND COMPANY
	TX
	9
	0
	361-776-7300
	P. O. BOX 1745
	ARANSAS PASS
	TX
	GULF INTRACOASTAL WATERWAY OF TEXAS AND INLAND WATERS OF TEXAS

	63
	3305152
	MEGAFLEET TOWING CO., INC.
	TX
	9
	0
	713-941-1020
	3511 WATTERS RD.
	PASADENA
	TX
	HOUSTON SHIP CHANNEL, INTRACOASTAL WATERWAY AND MISSISSIPPI RIVER SYSTEM

	64
	3307260
	TEX-MEX MARINE, INC.
	TX
	9
	ATTN: JEFF SANDEL
	281-339-2224
	P. O. BOX 1165
	DICKINSON
	TX
	INTRACOASTAL WATERWAY

	65
	2902916
	LEWIS & CLARK MARINE, INC.
	IL
	9
	0
	618-876-1116
	2801 ROCK ROAD
	GRANITE CITY
	IL
	UPPER MISSISSIPPI MILE 95 TO UPPER MISSISSIPPI MILE 327; AND UP TO MILE 163 ON ILLINOIS RIVER

	66
	2980080
	SOUTHERN ILLINOIS TRANSFER CO.
	IL
	9
	0
	618-826-2015
	550 WATER ST.
	CHESTER
	IL
	MISSISSIPPI RIVER (MILE 95-160) CHESTER, IL AREA

	67
	1894640
	WATERFRONT SERVICES COMPANY
	IL
	9
	0
	618-734-4659
	P. O. BOX 433;101 CONNELL SMITH DR.
	CAIRO
	IL
	OHIO RIVER - CAIRO, IL AREA; INLAND WATERWAYS AND MISSISSIPPI RIVER

	68
	3095568
	WEPFER MARINE, INC.
	TN
	9
	0
	901-775-0980
	P. O. BOX 13363
	MEMPHIS
	TN
	MISSISSIPPI RIVER SYSTEM - MEMPHIS, TN

	69
	3215736
	CENTRAL GULF TOWING, LLC
	LA
	8
	0
	985-632-4400
	P. O. BOX 207
	CUT OFF
	LA
	GULF COAST OF LOUISIANA AND TEXAS - GULF INTRACOASTAL WATERWAY AND SURROUNDING WATERS

	70
	3232534
	GNOTS RESERVE, INC.
	LA
	8
	0
	504-466-8700
	P. O. BOX 1147
	DESTREHAN
	LA
	MILE 53 AHP (LMR) TO MILE 47 (BLACK RIVER) AND GULF INTRACOASTAL WATERWAY

	71
	3202819
	MCDONOUGH PROJECT SERVICES, LP
	LA
	8
	0
	504-780-8100
	1750 CLEARVIEW PKWY.
	METAIRIE
	LA
	MISSISSIPPI RIVER AND WATERWAYS; AND GULF INTRACOASTAL OF LOUISIANA AND TEXAS

	72
	3274550
	RIVER PARISHES CO., INC.
	LA
	8
	0
	225-869-5353
	P. O. BOX W
	LUTCHER
	LA
	PORT OF BURNSIDE, SOUTH LOUISIANA PORT AREA AND PORT OF NEW ORLEANS, LA

	73
	1619376
	COLLE TOWING COMPANY, INC.
	MS
	8
	0
	228-762-5700
	P. O. BOX 340
	PASCAGOULA
	MS
	GULF INTRACOASTAL WATERWAY AND MISSISSIPPI RIVER

	74
	3128124
	ERGON MARINE AND INDUSTRIAL SUPPLY
	MS
	8
	0
	601-636-6552
	100 LEE STREET
	VICKSBURG
	MS
	MISSISSIPPI RIVER MILE 415 TO MILE 450 AND MILE 700 TO MILE 750 AHP, LOWER MISSISSIPPI RIVER

	75
	3300267
	BREATHWIT MARINE CONTRACTORS, INC.
	TX
	8
	ATTN: SONIA BREATHWIT
	281-339-3566
	P. O. BOX 1634
	DICKINSON
	TX
	GULF INTRACOASTAL WATERWAY OF LOUISIANA AND TEXAS; AND TO MOBILE, AL

	76
	3301490
	HARD'S MARINE SERVICE, LTD.
	TX
	8
	0
	281-452-3171
	266 CR 2075
	HULL
	TX
	HOUSTON SHIP CHANNEL, GULF INTRACOASTAL WATERWAY OF LOUISIANA AND TEXAS

	77
	1604122
	HENRY MARINE SERVICE, INC.
	AL
	8
	0
	251-438-9442
	P. O. BOX 7650
	SPANISH FORT
	AL
	TOMBIGBEE RIVER, BLACK WARRIOR RIVER, MOBILE RIVER, MOBILE BAY, INTRACOASTAL CANAL AND FROM NEW ORLEANS TO PANAMA CITY; ICWW BETWEEN CORPUS CHRISTI, TX AND BATON ROUGE, LA

	78
	3931210
	GATX THIRD AIRCRAFT CORP.
	CA
	8
	ATTN: GWEN CAMPBELL
	415-617-2600
	4 EMBARCADERO CENTER SUITE 2200
	SAN FRANCISCO
	CA
	0

	79
	2900349
	J B MARINE SERVICE, INC.
	MO
	8
	ATTN: PAUL G. HASSLER
	314-894-3805
	P. O. BOX 510199
	ST. LOUIS
	MO
	MISSISSIPPI RIVER - ST. LOUIS, MO AREA

	80
	3095200
	WAXLER TOWING CO., INC.
	TN
	8
	0
	901-946-1607
	P. O. BOX 253
	MEMPHIS
	TN
	INTRACOASTAL WATERWAY AND MISSISSIPPI RIVER SYSTEM

	81
	2801294
	BLACKHAWK FLEET, INC.
	IA
	7
	0
	563-381-8753
	1661 W. FRONT ST.
	BUFFALO
	IA
	CLINTON, IA TO OQUAKWA, IL; MILE 515 TO 416 UPPER MISSISSIPPI RIVER; FLEETING AREA AT MILE 450 AND 470 UPPER MISSISSIPPI RIVER

	82
	2806281
	JENSEN CONSTRUCTION
	IA
	7
	0
	515-266-5173
	P. O. BOX 3345
	DES MOINES
	IA
	INTRACOASTAL WATERWAY OF ARKANSAS, OKLAHOMA, MISSOURI AND MISSISSIPPI

	83
	2800284
	MATTESON MARINE SERVICE
	IA
	7
	ATTN: CASSANDRA BUTTERWORTH
	319-754-5318
	P. O. BOX 667
	BURLINGTON
	IA
	MISSISSIPPI RIVER

	84
	2854348
	MATTESON, L. W., INC.
	IA
	7
	ATTN: CASSANDRA BUTTERWORTH
	319-754-6705
	P. O. BOX 667
	BURLINGTON
	IA
	MISSISSIPPI, OHIO, MISSOURI AND ILLINOIS RIVERS

	85
	2863018
	NEWT MARINE SERVICE CO.
	IA
	7
	ATTN: JIM STREIF
	563-557-1855
	5 JONES ST.
	DUBUQUE
	IA
	MISSISSIPPI RIVER - DUBUQUE, IA AREA

	86
	3204970
	CAILLOU ISLAND TOWING
	LA
	7
	ATTN: J. CENAC
	985-876-1731
	P. O. DRAWER 2568
	HOUMA
	LA
	INLAND WATERWAYS OF LOUISIANA TOWARDS VENICE

	87
	3202812
	D & S MARINE SERVICE, L.L.C.
	LA
	7
	0
	985-873-3190
	105A WOODLAWN RANCH ROAD
	HOUMA
	LA
	BROWNSVILLE, TX TO PANAMA CITY, FL; MISSISSIPPI RIVER AND INTRACOASTAL CANAL

	88
	3224037
	DENET TOWING SERVICE, INC.
	LA
	7
	0
	985-534-7808
	P. O. BOX 307
	BOOTHVILLE
	LA
	MISSISSIPPI RIVER AND GULF INTRACOASTAL WATERWAY OF LOUISIANA AND TEXAS

	89
	3206676
	JAR ASSETS
	LA
	7
	ATTN: LOUIS J. DEVELLE
	985-629-2082
	2360 FIFTH ST.
	MANDEVILLE
	LA
	GULF INTRACOASTAL WATERWAY AND MISSISSIPPI, BLACK WARRIOR, TOMBIGBEE, APALACHICOLA, CHATTAHOOCHEE, FLINT, ALABAMA, TENNESSEE, CUMBERLAND, ARKANSAS, OHIO, ILLINOIS AND ATCHAFALAYA RIVERS

	90
	3270560
	PLIMSOLL MARINE
	LA
	7
	0
	225-473-7056
	P. O. BOX 242
	DARROW
	LA
	ARKANSAS, MOBILE AND MISSISSIPPI RIVERS; GULF INTRACOASTAL WATERWAY; BROWNSVILLE, TX TO ST. MARKS, FL; GULF OF MEXICO

	91
	3200131
	WEBER MARINE, INC.
	LA
	7
	0
	225-562-3547
	10148 HWY. 44
	CONVENT
	LA
	MISSISSIPPI RIVER BETWEEN NEW ORLEANS AND BATON ROUGE, LA

	92
	3300544
	SEABULK TOWING SERVICES, INC.
	TX
	7
	0
	409-962-0201
	P. O. BOX 905
	GROVES
	TX
	SABINE AND NECHES RIVER IN PORT OF SABINE DISTRICT INCLUDING - SABINE PASS, PORT ARTHUR, PORT NECHES, SMITHS BLUFF, NEDERLAND, BEAUMONT AND ORANGE, TX; CAMERON AND LAKE CHARLES, LA

	93
	2907364
	SCF FLEETING, LLC
	MA
	7
	0
	314-436-7559
	801 N. SECOND ST. SUITE 405
	ST. LOUIS
	MA
	UPPER AND LOWER MISSISSIPPI, OHIO, ILLINOIS AND OTHER TRIBUTARIES

	94
	2801232
	ALTER BARGE LINE, INC.
	IA
	6
	0
	563-344-5100
	2117 STATE STREET SUITE 100
	BETTENDORF
	IA
	MISSISSIPPI AND OHIO RIVER SYSTEMS; AND GULF INTRACOASTAL WATERWAY SYSTEM

	95
	3539312
	HOLLIDAY SAND & GRAVEL CO.
	KS
	6
	0
	913-492-5920
	9660 LEGLER RD.
	LENEXA
	KS
	MISSOURI RIVER MILE 353 - 459

	96
	3201295
	B & J CORPORATION
	LA
	6
	0
	337-774-0608
	P. O. BOX 967
	LAKE ARTHUR
	LA
	MERMENTAU RIVER; INTRACOASTAL WATERWAY; VERMILION RIVER; CALCASIEU RIVER; SABINE RIVER AND PORT NECHES RIVER

	97
	3202560
	CARLINE'S GEISMAR FLEET, INC.
	LA
	6
	0
	225-473-4310
	1414 N. BURNSIDE AVE. SUITE C;PMB 16
	GONZALES
	LA
	MISSISSIPPI RIVER - BATON ROUGE TO NEW ORLEANS

	98
	3207392
	CENAC OFFSHORE, LLC
	LA
	6
	0
	985-872-2413
	P. O. BOX 2617
	HOUMA
	LA
	GULF OF MEXICO COASTWISE; TAMPA, FL; NEW ORLEANS & LMR; MOBILE, AL; HOUMA, MORGAN CITY, LAKE CHARLES, PORT ARTHUR, SABINE PASS; GIBSON, LA; HOUSTON, GALVESTON, FREEPORT, AND ARKANSAS, TX

	99
	3201243
	CROSBY INLAND MARINE, LLC
	LA
	6
	0
	985-632-7575
	P. O. BOX 279
	GOLDEN MEADOW
	LA
	BAYS AND LAKES OF LOUISIANA

	100
	3207269
	CROSBY OFFSHORE MARINE SERVICES, LLC
	LA
	6
	0
	985-632-7575
	17771 HIGHWAY 3235
	GALLIANO
	LA
	BAY AND LAKES OF LOUISIANA


[image: image14.emf]blank

page


Appendix B: Established Contacts in the Industry and Related Fields

Government Contacts

	Organization
	US Coast Guard

	Name & Title
	Doug Scheffler, Economist

	Contact Information
	202-372-1087
Douglas.w.scheffler@uscg.mil

	Topics
	General tug/tow boat activity, regulation, industry


	Organization
	ACE WCSC

	Name & Title
	Linda Briant, Statistical Assistant

	Contact Information
	(504) 862-1426
Linda.L.Briant@usace.army.mil

	Topics
	US ACE WTLUS database.


	Organization
	US ACE St. Louis District

	Name & Title 
	Nicole Dalrymple, Public Affairs Specialist.
314.331.8068

Alan Dooley, Public Affairs Chief
314.331.8002

	Contact Information
	See above.

	Topics
	Sources of information on tugboat operations in St. Louis area, environment/sustainability projects and organizations.


	Organization
	US ACE Lock 27 (Chain of Rocks, St. Louis)

	Name & Title
	Gary Hipkins
Lockmaster

	Contact Information
	618.452.7107


	Organization
	US ACE Marvin Price dam / lock

	Name & Title
	Mike Quinn: Lockmaster

	Contact Information
	636.899.1543


	Organization
	US Coast Guard Houston / Galveston Division

	Name & Title
	Main Office: 713.671.5100
Mr. Mikosh 713.671.5178 FOIA contact


	Organization
	CARB

	Name & Title
	Cherie Rainforth, Mgr Harborcraft Branch

	Contact Information
	916-327-7213

	Topics
	ARB's work with harborcraft emissions, including tugs and the FOSS Green Dolphin project. Port emissions inventories.


	Organization
	TTI Center for Ports and Waterways

	Name & Title
	Jim Kruse, director of TTI CPW
979.862.8536

Steve Roop, Assistant Agency Director, oversees TTI CPW
979.845.8536

David Bierling, Research Scientist, TTI CPW
979.862.2710

	Topics 
	CPW projects on environmental issues and port recommendations.
http://tti.tamu.edu/groups/program.htm?p_org_code=RPW#Mission


	Organization
	UC Riverside

	Name & Contact Information
	Bill Welch, Principal Development Engineer
951-781-5743. 
Dr. Wayne Miller (951) Leader, Emissions and Fuels
951-781-5579

	Topics
	Emissions measurements from the Foss Hybrid tugboat; tug activity levels.


Industry Organizations

	Organization
	AWO St. Louis District

	Name & Title
	Lynn Munch, St. Louis Representative

	Contact Information
	314.446.6474

	Topics
	Industry, sources, and contacts that she would recommend.


	Organization
	AWO

	Name & Title
	Brian Vahey, Government Affairs Associate

	Contact Information
	703.841.9300
bvahey@vesselalliance.com

	Topics
	This project, including ports and government agencies that can help us gather background data and partnership to distribute information on mitigation measures to industry.


Port Authorities

	Organization
	Port of St. Louis 

	Name & Title
	Nick Nichols, Operations Manager

	Contact Information
	314.259.3465

	Topics
	Port of St. Louis operations and technical specs and local tug industry.


	Organization
	Port of Houston Authority

	Name & Title
	Joanna Wallace, Operations

	Contact Information
	713.670.2400

	Topics
	Role of the local port authority and local tug operations.


	Organization
	Port of Galveston 

	Name & Title
	John Peterlen. Port Marketing Director

	Contact Information
	409.765.9321

	Topics
	Port operations.


Tugboat Operators

	Organization
	AEP River Operations / MEMCO

	Name & Title 
	Mark Carr (recommended by ACE)

Harry Waddington (recommended by WTLUS)

Mark Knoy, President (past chairman, WCI, current BOD)—636.530.2123—markk@memcobarge.com

	Contact Information 
	636.530.2114
16090 Swingley Ridge Road 
Suite 600 
Chesterfield, MO 63017 

	Topics
	Activity profile, typical operations, number of boats in operation, other relevant company contacts
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� 	Commercial Marine Activity for Great Lake and Inland River Ports in the United States, Final Report, EPA420-R-99-019, ARCADIS Geraghty & Miller, Inc., September 1999.


� 	Commercial Marine Activity for Deep Sea Ports in the United States, Final Report, EPA420-R-99-020, ARCADIS Geraghty & Miller, Inc., September 1999.
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� 	U.S. Army Corps of Engineers, “Waterborne Transportation Lines of the United States, Volume 3: Vessel Characteristics,” 2007. Available online at �HYPERLINK "http://www.iwr.usace.army.mil/ndc/veslchar/pdf/wtlusvl3_07.pdf"�http://www.iwr.usace.army.mil/ndc/veslchar/pdf/wtlusvl3_07.pdf� 


� 	Corbett, J.J. and P.S. Fischbeck, “Emissions from Waterborne Commerce in United States Continental and Inland Waters.” Environmental Science and Technology, 2000. 34(15): p. 3254-3260.


� 	A general discussion of the propeller law and dynamics of ship propulsion is available by the MAN Diesel Group in “Basic Principles of Ship Propulsion,” available at �HYPERLINK "http://www.manbw.com/files/news/filesof5405/5510-0004-00ppr.pdf"�http://www.manbw.com/files/news/filesof5405/5510-0004-00ppr.pdf� 
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� 	�HYPERLINK "http://www.floscan.com/html/blue/seriesdetail.php?sid=5&catid=3"�http://www.floscan.com/html/blue/seriesdetail.php?sid=5&catid=3�


� 	�HYPERLINK "http://www.fueltrax.com/fueltrax.html"�http://www.fueltrax.com/fueltrax.html�


� 	�HYPERLINK "http://www.micadmarine.com/"�http://www.micadmarine.com/�
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� 	�HYPERLINK "http://www.cat.com/cda/components/securedFile/displaySecuredFileServletJSP?fileId=88860&languageId=7"�http://www.cat.com/cda/components/securedFile/displaySecuredFileServletJSP?fileId=88860&languageId=7�


� 	�HYPERLINK "http://www.propulsiondynamics.net/documents/Brochure.pdf"�http://www.propulsiondynamics.net/documents/Brochure.pdf�


� 	Farrell, A., J.J. Corbett, and J.J. Winebrake, “Controlling Air Pollution from Passenger Ferries: Cost Effectiveness of Seven Technological Options.” Journal of the Air & Waste Management Association, 2002. 52(December 2002): p. 1399-1410.


� 	�HYPERLINK "http://www.cleanairfleets.org/altfuels.html"�http://www.cleanairfleets.org/altfuels.html� 


� 	Foss Maritime, “EPA, Northwest Ports Hail Foss Environmental Initiative,” November 2007. Available online at �HYPERLINK "http://www.foss.com/press/LowSulfurFuel.html"�http://www.foss.com/press/LowSulfurFuel.html�


� 	“Economical heavy fuel oil finding its way into the tugboat industry,” Professional Mariner, Issue #12, April 2008. 


� 	Dr M E Davies, BMT Ltd., “Sulphur Emissions Offsetting Pilot S-Offset,” Final Report, For SEAaT, August 2006.
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� 	ICF International, “Emission Reduction Incentives for Off-Road Diesel Equipment Used at the Port and Construction Sectors.” Prepared for U.S. EPA, May 2005. Available online at �HYPERLINK "http://epa.gov/ispd/pdf/emission_20050519.pdf"�http://epa.gov/ispd/pdf/emission_20050519.pdf�


� 	EC/R Incorporated, “The Philadelphia Port—Diesel Particulate Emissions Sources and Potential Control Measures.” Prepared for U.S. EPA, September 2005. 
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