
 

 

 

 

 

 
The Environmental & 
Economic Benefits of 
Short Sea Shipping by  
‘Container-On-Barge’ 
 

JACOB NG 
UNDERGRADUATE STUDENT 
DEPARTMENT OF NAVAL ARCHITECTURE AND MARINE ENGINEERING 
UNIVERSITY OF MICHIGAN 
ANN ARBOR, MICHIGAN 
 
SUPERVISED BY: 
PROF. A.N. PERAKIS, Ph.D. 
SNAME FELLOW 
MICHIGAN PHOENIX MEMORIAL ENERGY INSTITUE FELLOW 
DEPARTMENT OF NAVAL ARCHITECTURE AND MARINE ENGINEERING 
UNIVERSITY OF MICHIGAN 
ANN ARBOR, MICHIGAN 
 
2 MAY 2009 
 



2 
 

Introduction 

The U.S. Maritime Administration (MARAD) has defined Short Sea Shipping (SSS) as 

‘…commercial waterborne transportation that does not transit an ocean.  It is an alternative 

form of commercial transportation that utilizes inland and coastal waterways to move 

commercial freight from major domestic ports to its destination…'
1
 SSS refers primarily to the 

transportation of containerized cargo. SSS in the U.S. begins with large container ships departing 

from global ports and carrying their cargo to regional U.S ports such as New York / New Jersey, 

Houston, Los Angeles and Seattle. SSS also includes cargo transportation from Mexico and 

Canada, which was previously accomplished by long haul trucks and trains. Cargo is then 

transshipped by smaller container carriers and ocean barges to other local ports.  

There has been recent public interest garnered in the arena of SSS. SSS has been deemed as a 

more environmentally friendly means of transportation as compared to the traditional modes of 

truck and rail due to fuel efficiency and better emissions standards. Other advantages that SSS 

present are its cost effectiveness, the potential to reduce congestion and the opportunity for an 

improvement in road safety.  

This paper seeks to illustrate the environmental and economic benefits of SSS through the 

introduction of a „Container-on-Barge (COB)‟ unrestricted hull design. By „unrestricted‟ we are 

referring to a brown/blue water hull. The COB design offers distinct advantages over the 

traditional barge tow and can serve as a catalyst to further promote SSS. The paper will provide a 

comparative analysis between SSS and the traditional transportation modes of truck and rail. The 

paper will also include a comparative analysis between the „unrestricted hull‟ and a traditional 

barge tow design. 

Design Parameters 

The „unrestricted hull‟ is an enhanced development over traditional barge tow designs serving 

the Upper Mississippi Rivers. The main advantage of the „unrestricted hull‟ is the provision of 

greater cargo capacity and thereby environmental and cost competitiveness through its greater 

economies of scale. The scale of the „unrestricted hull‟ also allows it to ply ocean routes and gain 

access to further coastal ports. 

The „unrestricted hull‟ design is comprised of a tug and 2 hulls. The lengths of the forward and 

aft hulls are 585 ft and 485 ft, respectively. The breadths of both hulls are 105.5 ft. These 

dimensions are designed so that the hulls fit within a standard 600 ft river lock. The design 

strength of the hull, decks and hatches of the „unrestricted hull‟ qualifies them to engage in deep 

sea ocean transportation for which the traditional „restricted‟ river barge cannot be insured. 

The following figure is a preliminary lines drawing of the general structure of the unrestricted 

forward hull. The lines drawing is based on U.S. Patent No. 7424857
2
 and represents an 

unrestricted barge option of the type referenced in the paper. The aft hull bears a similar 
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structure. The dimensions in the figure are not exact as final hull sizing is still under 

consideration. This consideration will include a survey of lockmasters and U.S. Army Corp of 

Engineers (USACE) personnel to agree on a maximum length and width of locks under all 

weather conditions. 

 

Figure 1: Lines Drawing of the ‘Unrestricted Hull’ Design. Courtesy of Pollinger & Co. 
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Table 1: Estimated Hull Characteristics and Principal Dimensions 

Length Overall 585 ft 

Length on Waterline 577.5 ft 

Beam 105.5 ft 

Depth 30 ft 

Design Draft 9 ft 

Block Coefficient 0.87 

Displacement 14,162 LT SW 

Deadweight 8,160 ST 

 

The „unrestricted hull‟ can carry a total of 1524 forty-foot equivalent units (FEUs) at full 

capacity at the maximum design operating draft. The forward hull can carry 360 FEUs in its 

holds (10 along the breadth, 12 along the length, and stacked 3 high) and 468 FEUs on deck (12 

along the breadth, 13 along the length, and stacked 3 high). The aft hull can carry 300 FEUs in 

its holds (10 along the breadth, 10 along the length, and stacked 3 high), and 396 FEUs on deck 

(12 along the breadth, 11 along the length, and stacked 3 high). In operations where draft is 

limited, the cargo capacity is restricted to the displacement at that draft. The maximum cargo 

capacity will be constrained by the average weight per FEU.  

The vessel will be designed to have an average operating speed of 9 mph and have a rated tug 

engine power of 6,000-10,000 hp.  

Bow thrusters can be fitted on the hulls for better river maneuvering characteristics. Due to the 

large hull size, it will be easier for bow thruster installation when compared to a traditional barge 

tow. This will be subject to approval from the U.S. Coast Guard (USCG).  

The sheltered hold of the „unrestricted hull‟ also allow for the better protection of its cargo. 

Guide rails are installed within the cargo holds for greater efficiency in the loading and 

unloading of containers. 

Shipbuilding Cost 

As the „unrestricted hull‟ is designed to operate within U.S. waterways, it is mandated by the 

Jones‟ Act that the vessel be built in a U.S. shipyard. 
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Steel, labor, supplies and overhead are the main cost components in ship construction. The total 

cost of steel is dictated by its market price. As steel prices fluctuate daily, an average steel price 

for the past 3 years is used in the calculation of hull construction and was determined to be 

$811/ton. The hull weight is 8,160 ST and the cost of hull construction amounted to $6.6 million. 

The Bureau of Labor Statistics reports the mean hourly U.S. shipbuilding wage as $19.47
3
.  

Depending on shipyard and ship type, labor time ranges from 15 hrs/ton to 100 hrs/ton (Source: 

Private Shipyard). An average of 20 hrs/ton for the „unrestricted hull‟ is assumed. This is 

reasonable as the „unrestricted hull‟s simple design makes its construction relatively easier and 

nearer to the lower end of the range.  

Overhead costs range from 30% to 60% of labor cost (Source: Private Shipyard). An average of 

45% is assumed for this study. 

The cost of construction supplies is assumed to be 20% of hull cost. A profit markup of 10% of 

hull cost is further assumed. 

Table 2: Construction Cost of ‘Unrestricted Hull’ 

Item Description Value (million $) Derivation 

A Cost of Hull Construction ($) $6.6 $811* 8,160 ST 

B Labor (20 hrs/Ton) $3.2 B * 20 hrs/ton * $19.47 

C Overheads (45% of Labor Cost) $1.4 45% * D 

D Supplies (20% of Hull Cost) $1.3 20% * C 

E Profit (10% of Hull Cost) $0.7 10% * C 

Total 13.2 C+D+E+F 

 

The estimated cost of the „unrestricted hull‟ is therefore in the range of $13 million to $14 

million. It should be noted that with a few exceptions, construction costs will be lower in the 

Gulf Coast shipyards as compared to other U.S. shipyards. This appears to be partly caused by 

the conglomeration of shipyards in a relatively concentrated area that supports volume 

construction of barges and market competition. 

Environmental Advantage of SSS compared to Truck/Rail 

Energy efficiency is important to the consideration of environmental friendliness. Fossil fuels are 

a non-renewable form of energy and continued use will eventually lead to their depletion.   

Greater fuel consumption will also increase the amount of air pollution generated. MARAD 

estimates that for 1 traditional barge tow carrying 456 FEUs utilizing 75 barrels of oil, 228 

double-stacked rail cars utilizing 300 barrels of oil and 456 trucks utilizing 645 barrels of oil are 

respectively needed to transport the equivalent capacity
4
.  
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In specific terms of fuel efficiency, inland shipping is the most energy efficient form of transport. 

The Texas Transportation Institute published research on fuel efficiency and reported that inland 

river towing as an alternative means of transportation is 3.7 times more fuel efficient than 

trucking and 1.4 times more fuel efficient than rail. With energy prices poised to remain at high 

levels from burgeoning global demand, SSS can provide a less expensive alternative to providers 

and users of the service. 

Table 3: Fuel Efficiency Comparison (Texas Transportation Institute)
5
 

Mode Ton-Miles/Gallon 

Inland Towing 576 

Rail 413 

Truck 155 

 

There is increasing global focus on the effects of air pollution. Carbon Dioxide (CO2) and 

Methane (CH4) are major greenhouse gases that increase temperatures by trapping heat within 

the Earth‟s atmosphere. This temperature rise causes widespread effects on climate change and 

ecosystems. Sulfur Dioxide (SO2) is an irritant in its original form. SO2 also combines with 

moisture in the air to form acidic precipitation that takes the form of acid rain. Acid rain has a 

devastating effect on fauna as it changes the pH of soil. There has been extensive destruction to 

the Scandinavian forests due to acid rain. Oxides of Nitrogen (NOX) cause respiratory and eye 

irritation. NOX also leads to the formation of photochemical smog that is seen in cities like Los 

Angeles and Beijing.  

The OECD reports that maritime transport produces less air emissions generally in comparison 

to transportation by truck/rail. Although shipping produces more SO2 pollution, this is poised to 

decrease in response to more stringent maritime pollution regulations in the near future. 

Table 4: Emissions in grams/tonne-km for Surface Transportation Modes (REALISE)
6
 

 Truck Rail  Maritime / SSS 

CO 0.2 - 2.4 0.02 - 0.2 0.02 - 0.2 

CO2 50 - 133 9 - 102 7.7 - 31 

NOX 0.24 - 3.6 0.07 - 1.9 0.11 - 0.72 

SO2 0.03 - 0.4 0.04 - 0.4 0.05 - 0.51 

CH4 0.2 - 0.9 0.02 - 0.9 0.04 - 0.08 

nm-VOC 0.025 - 1.1 0.01 - 0.1 0.01 - 0.02 

PM10 0.005 - 0.2 0.01 - 0.08 0.002 - 0.04 

 

The effects of road congestion, although hard to quantify, play a significant role in the analysis 

of the environmental advantage that SSS has over truck/rail. It is estimated that trucks carry 60% 
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of domestic general cargo tonnage and are a major cause of highway congestion
7
. The Texas 

Transportation Institute estimates that traffic congestion caused a $78 billion drain on the U.S. 

economy in 2007 in the form of 4.2 billion hours of lost time and 2.9 billion gallons of wasted 

fuel
8
. Congestion results in a need for creation, expansion and maintenance of road 

infrastructure. This is a drain on the national budget.  

There are also major congestion issues at U.S. port terminals serving international shipping lines. 

International ocean carriers unload their cargo at coastal U.S. ports. The cargo is left mainly to 

be transported by trucking to its final destination. However, the rapid growth in U.S. trade has 

led to the port terminals struggling to cope with over-utilization of existing facilities. This has 

fostered intermodal transportation inefficiencies whereby trucks cannot pick up their cargo in 

time due to port congestion which disrupts the entire supply chain process in logistical planning. 

This problem is most notably present at the Ports of Long Beach and Los Angeles. Transferring 

container volume from these congestion zones to the available river and coastal areas is an 

option for reducing this problem.  

The adverse effects of congestion are rising due to increasing consumption of goods and 

resulting trade flows. SSS can take some of the load off congested U.S. highways and major 

ports to utilize the large cargo carrying capacities of inland waterways. Less road congestion also 

leads to reduced noise pollution. Noise pollution is an environmental health hazard in the long 

run.  

The other benefit that SSS offers is a safer form of transportation as compared to trucking. By 

reducing road traffic and congestion, there will be better highway safety statistics. As more 

vessels are added to the inland waterways more accidents will happen but the history is that 

safety per ton mile on barges is far superior to trucks and trains.  Thus, for the transportation of 

the same amount of product, there will be fewer accidents. 

Comparative Economic Analysis: SSS versus Truck/Rail 

MARAD sponsored a business case analysis that found SSS to be the most cost effective form of 

transportation for 4 different U.S. trade corridors. 

Table 5: Comparative Performance of SSS versus Truck/Rail on 4 Trade Corridors in Terms of Shipper Cost 

per Mile (MARAD)
9
 

 Truck Rail SSS 

 Cost Time Cost Time Cost Time 

Gulf/North Atlantic $1.77  67.5 hrs $1.06  86.0 hrs $1.03  111 hrs 

South Atlantic/North Atlantic $1.73  54.5 hrs $1.09  60.5 hrs $1.00  70.0 hrs 

South Pacific/North Pacific            

San Diego/Astoria $1.58  56.0 hrs $1.01  62.0 hrs $1.14  115.0 hrs 

Oakland/Astoria $1.59  33.0 hrs $1.35  39.5 hrs $0.86  68.7 hrs 
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Oakland/San Diego $1.56  22.0 hrs $1.90  34.0 hrs $1.75  55.1 hrs 

Intra-Great Lakes $1.51  9.5 hrs N.A. N.A. $1.24  7.5 hrs 

 

There is a time penalty associated with the utilization of SSS because of its longer transit times. 

The results have accounted for the longer transit times associated with SSS and rail. The costs 

also include profit margins added to the carrier‟s cost. These margins are 8.5%, 20% and 10% 

for truck, rail and SSS options, respectively. The levy of the Harbor Maintenance Tax (HMT) is 

also included for the SSS cost calculation. 

Although longer transit times might seem to put SSS at a disadvantage, a report sponsored by the 

Coalition of Alabama Waterway Association showed that only 15% of shippers deemed transit 

time to be their highest priority in their choice of transportation. 

Figure 2: SSS User Response
10

 

 

 

 

 

 

 

 

 

On the other hand, 85% of the survey respondents deemed cost and reliability as their highest 

priorities. Thus, a longer SSS transit time is not a huge impediment to shippers opting for SSS as 

their choice of transportation. Even with the greater transit time factored into cost calculations, 

SSS still provides the most cost competitive transportation option. 

This paper performs an independent review of the comparative costs of truck, rail and SSS. The 

variable under consideration is the cost needed to transport 1 FEU. The route under study is from 

Peoria, Illinois to Brownsville, Texas. The landlocked state of Illinois is an economic 

powerhouse, ranking 5
th
 in U.S. Gross Domestic Product (GDP) by State

11
. Illinois‟ main exports 

include industrial machinery and agricultural products. Peoria is the largest city lying on the 

Illinois River
12

. The Port of Peoria also has the third largest FEU volume forecast along the 

Mississippi trade corridor
13

. Brownsville is close to northeastern Mexico border markets such as 

Monterrey and serves as an integral link in trade between U.S. and Mexico. This route is chosen 
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with the notion that primary manufacturing materials are shipped from Brownville to Illinois and 

a return shipment of completed industrial products is shipped from Illinois to Brownsville. 

Figure 3: (Source: Google Maps) 

 

 

 

 

 

 

 

 

 

 

 

It should be noted that SSS becomes an increasingly attractive option as transportation distances 

increase. This is due to average fixed costs being lower per ton-mile.  

Comparative Analysis: ‘Unrestricted Hull’ versus Traditional Restricted Barge Tow 

This analysis illustrates the comparative advantage the „unrestricted hull‟ offers over the 

traditional barge tow design in terms of cargo carrying capacity. The aim of this analysis is to 

encourage traditional barge tow companies to adopt the „unrestricted hull‟ as it makes SSS more 

economically competitive. The ability to transport more cargo per unit also translates to lower 

fuel consumption and lower fuel emissions. 

The traditional barge tow is to be fully loaded at Peoria and provides a direct service to 

Brownsville. The „unrestricted hull‟ will be partially loaded at Peoria, subsequently loaded at 

Memphis and New Orleans, before finally unloading at Brownsville. This comparison assumes 

each FEU weighs an average of 26 tons. 

Consider a typical 195 ft x 35 ft traditional barge. A tow usually consists of 15 barges and this 

translates to a total cargo capacity of 600 FEU
14

 that is transported 1,893 miles
15

 from Peoria to 

Brownsville.  
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Table 6: Cargo Carrying Capacity of Traditional Barge 

Route Cargo Capacity (FEU) Distance (miles) Ton-Miles 

Peoria to Brownsville 600 1,893 29,530,800 

 

At Peoria where draft is limited to 9 ft
16

, the unrestricted forward hull has a cargo displacement 

of 13,052 tons (forward hull cargo displacement of 7,252 tons, aft hull cargo displacement of 

5,800 tons). Assuming that each FEU weighs 26 tons on average, the „unrestricted hull‟ can load 

467 FEUS at Peoria that travel 1,893 miles to Brownsville.  

At Memphis, where allowable draft is 11-12 ft, the „unrestricted hull‟ can load an additional 327 

FEUs that travel the remaining 1,308 miles to Brownsville.  

At New Orleans, where allowable draft is 20 ft, the „unrestricted hull‟ can load an additional 306 

FEUS that travel 688 miles to Brownsville. 

Table 7: Cargo Carrying Capacity of ‘Unrestricted Hull’ 

Route Cargo Capacity (FEU) Distance (miles) Ton-Miles 

Peoria to Brownsville 467 1,893 22,984,806 

Memphis to Brownsville 327 1,308 11,120,616 

New Orleans to Brownsville 306 688 5,473,728 

   39,579,150 

 

Thus, while a traditional 15 barge tow appears to be able to load more FEUs than the 

„unrestricted hull‟ at Peoria, it is the latter that has a greater cargo carrying capacity of about 17 

million ton-miles or 130% over the traditional hull for the entire route. This example is 

theoretical but relevant, since in reality the Gulf Intracoastal Waterway West (GIWW) restricts 

15 barge tows because of wind and dimensional constraints. 

In consideration of neutral river currents, the traditional barge tow travels at an average of 6-9 

mph. The lower powered canal tows travel at 6 mph and the long haul tows with greater power 

travel at 9 mph. Both vessels will have to stop for loading of cargo but loading is faster for the 

„unrestricted hull‟ as it has container rails. 

To quantify these cost statistics, this paper will use required freight rate (RFR) as a metric for 

comparison. A private inland marine surveyor provided a daily wet lease rate for a traditional 

barge tow which is broken down below. These rates are for a 5,600 hp tug. Using the upper end 

of these ranges, the RFR/ton-mile of $0.0006 was obtained for a traditional barge tow. 
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Table 8: Cost Components of the Traditional Barge Tow 

Cost Component Rate ($/Day) Notes 

Bareboat Charter Rate $900 - $2,250 Dependent on charterer‟s credit worthiness. 

Tug Charter Rate $2,500 - $5,000 Dependent on tug rated engine power. 

Fuel and Lubrication $3,500 - $6,000 Dependent on amount used. 

Required Freight Rate $6,900 - $13,250  

 

A RFR analysis was performed for the „unrestricted hull‟. A factor of 1.5 was applied to the 

upper end of the ranges of cost for the traditional barge tow. This is to account for the greater 

linear dimensions of the „unrestricted hull‟ as well as its larger rated engine power. A RFR/ton-

mile of $0.0005 was obtained for the „unrestricted hull‟, a figure 17% lower than the traditional 

barge tow. 

Table 9: Cost Components of the ‘Unrestricted Hull’ 

Cost Component Rate ($/Day) Notes 

Bareboat Charter Rate $3,375 Dependent on charterer‟s credit worthiness. 

Tug Charter Rate $7,500 Dependent on tug rated engine power. 

Fuel and Lubrication $9,000 Dependent on amount used. 

Required Freight Rate $19,875  

 

Voyage costs were judged to be of the same magnitude for both the traditional barge tow and the 

„unrestricted hull‟. However, inventory carrying costs have to be factored in for a more accurate 

analysis. Assume that 1 FEU has a cargo value of $10,000 and an associated inventory carrying 

cost of 8% APR. A total journey inventory cost amounted to $17,200 for the traditional hull and 

$15,500 for the „unrestricted hull‟, a 10% figure lower than the traditional barge tow. 

 

Table 10: Inventory Carrying Costs of Traditional Barge 

Route 
Cargo Carrying 

Capacity (FEU)  

Transportation 

Duration (Days) 
FEU-Days 

Inventory Carrying 

Cost ($) 

Peoria to Brownsville 600 13.1 7860 17,227 

 

 

Table 11: Inventory Carrying Costs of ‘Unrestricted Hull’ 

 

 Route 
Cargo Carrying 

Capacity (FEU)  

Transportation 

Duration (Days) 
FEU-Days 

Inventory 

Carrying Cost ($) 

Peoria to Brownsville 467 8.8 4093 9,007 

Memphis to Brownsville 327 6.1 1980 4,372 

New Orleans to Brownsville 306 3.2 975 2,146 

    15,525 
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Conclusions and Recommendations 

In conclusion, SSS has environmental and economic benefits over traditional modes of truck and 

rail transportation. The „unrestricted hull‟ has a greater cargo carrying capacity of 130% over the 

traditional barge tow for the entire route. The „unrestricted hull‟ also has a 17% lower RFR/ton-

mile when compared to the traditional barge tow. As the „unrestricted hull‟ can carry more cargo 

and travel faster, it has an inventory cost that is 10% lower than the traditional barge tow. With 

these advantages over the traditional barge tow, the „unrestricted hull‟ is a design that presents an 

opportunity to tap the benefits of SSS to a greater extent.  

There are a multitude of positive implications that are associated with the expansion of SSS in 

the U.S. However, further development in the SSS sector is challenged by certain factors. Inland 

waterways infrastructural investment has been minimal since the initial construction of the 

facilities in the 1930s.
17

 There is a need to modernize and expand on these facilities to cope with 

larger vessels and increased SSS cargo volumes. SSS can be further encouraged with sufficient 

infrastructural investment and funding from the government. However, seeking necessary 

government funding might be difficult given the current economic climate and strained national 

budget. Notwithstanding, it is important that Congress sees past the initial expenditure and looks 

forward to the environmental and economic benefits that SSS can generate in the long run.  

SSS will present competition to existing truck and rail operators. There might be retaliation in 

the form of price competition to drive out new entrants to the transportation sector. There might 

also be lobbying against government subsidies for SSS development from truck/rail unions and 

operators. Nevertheless, it is imperative to see the benefits that SSS brings in the form of a 

cleaner and less expensive mode of transportation. As more competition is introduced into the 

market, consumer welfare is maximized through transportation cost savings. There is also an 

opportunity for collaboration between truck and SSS operators as the former will present the 

final link in door-to-door service the latter might choose to provide. 

SSS requires a pool of containers for service. Ocean carriers might not want their equipment tied 

up in transit for SSS. This presents a logistical challenge for the growth of SSS. Seed funds could 

be established initially to assure container availability. Also, large companies that utilize SSS 

could negotiate with ocean carriers to allow for the extended use of the equipment for SSS. The 

current reduction in global trade and lower demand for container shipping provides an 

opportunity to procure less costly container boxes to be utilized for SSS.  

The largest impediment to SSS is the effort needed in convincing private capital investment. This 

involves shipbuilding costs as well as costs associated with marketing new and extended 

services. This investment is typical of many other maritime investments and its success hinges 

on the correct prediction of trade flows and careful logistical management. The impetus for 

private investment can be further encouraged with the support of inland ports that can provide 
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container pools, more advanced cargo handling equipment, docking facilities and management 

assistance.  

With greater partnership between the SSS industry, government and private investors, these 

challenges can be readily overcome. SSS and the „unrestricted hull‟ presents a new dawn of 

cleaner and cost effective transportation.  
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