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Executive Summary 
What is the Issue? 
This report, for the U.S. Department of Agriculture, Agricultural Marketing Service, under 
cooperative agreement 18-TMTSD-TX-0004 includes an overview of the literature regarding 
transportation costs within the soybean and corn supply chains, a novel methodology for 
calculating these costs, and an analysis of the costs using this methodology. Each mode of 
transportation - truck, rail, and barge provides advantages and challenges, while enabling 
flexibility in moving soybeans and corn from origin to destination. Wait times and delays 
increase the cost of transportation. Increased transportation costs reduce the price paid to the 
producer, and increase export prices, making U.S. products less competitive on the world 
market.1 Countries like Brazil2 and Argentina3 are investing in their truck, rail, and barge 
transportation systems to make their soybeans and corn more competitive on the world 
market. For the United States to remain competitive, transportation delays must be mitigated 
where possible.4 

How Was the Study Conducted? 
In order to estimate transportation costs, researchers calculated hourly transportation costs for 
truck, rail, and barge traffic. These were then applied to origin, destination, and travel 
information available for the soybean distribution chain. This calculation included a base 
transportation cost, an additional transportation cost due to traffic congestion, and costs 
associated with scheduling and loading delays at each step of the process. These numbers were 
then aggregated to provide a high and low estimate of the total transportation cost per ton for 
soybeans and soybean products, for domestic and export markets. 

What Did the Study Find? 
Table 1 shows the total transportation costs, while Table 2 shows the portion of these costs 
resulting from traffic congestion and wait times. 

Table 1. Total Transportation Costs per Ton 

Product Low High 
Domestic Soybeans $5.80 $5.80 
Gulf Export Soybeans  $9.40 $64.60 
Soymeal Feed  $8.00 $70.23 
Soymeal Domestic  $27.70 $90.10 
Soymeal Export  $11.90 $65.30 
Soybean Oil Export  $15.70 $51.65 
Biodiesel  $7.30 $101.17 
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Table 2. Transportation Delay Cost per Ton 

Product Low High 
Domestic Soybeans $3.30 $3.30 
Gulf Export Soybeans  $4.40 $10.10 
Soymeal Feed  $3.50 $10.30 
Soymeal Domestic  $4.40 $11.30 
Soymeal Export  $4.10 $9.70 
Soybean Oil Export  $5.70 $11.40 
Biodiesel  $3.40 $11.80 

 

  



P a g e  | 3 
 

Soybean, Corn, and Related Agricultural Products Supply Chain  
Introduction 
Transportation costs are a core component within the soybean, corn, and related agricultural 
products supply chains. Congestion and wait times lead to delays that increase those costs and 
reduce efficiency. The purpose of this report is to provide a profile of domestic transportation 
costs for these products. The profile explains the transportation costs associated with truck, 
rail, and barge traffic, and the elements of delay that increase those costs. The supply chain 
extends from the farm to the end-user, the consumer or the animal in terms of feed. 
Transportation costs include the base cost of transporting these products, as well as costs 
associated with delay. Delay consists of wait times and congestion. Wait times include delay 
accrued in fields, at elevators, and during transloading between trucks, railcars, and barges. 
Congestion may occur with rail and barge transit due to weather, accidents, scheduled and 
unscheduled maintenance, shared use of track, or reduced capacity at locks; traffic congestion 
on roadways produces greater costs and is less reliably dealt with than on other modes. 
Efficient timing and scheduling can reduce delays with rail and barge, but highway traffic 
conditions are more volatile.  

The report includes an overview of the literature regarding transportation costs within the 
soybean and corn supply chains, indicating the importance of these costs and how delays can 
impact the market for these products. The next section will provide more detail on the soybean 
and corn supply chains to illustrate the different end users and transportation routes from 
origin to destination. The following section presents the transportation cost model and details 
the calculations used to determine base costs, congestion costs, and wait time costs. Finally, 
results are provided for the overall transportation costs and the cost of transportation delay for 
soybean and corn products. Low and high estimates are provided to account for the different 
routes depending on the end user.  

Literature Review 
Transportation costs are a major factor in soybean and corn markets; handling and 
transportation charges, or transfer costs, and world prices determine market price differentials 
and therefore impact the amount a producer will receive for their products.5 The more it costs 
to transport soybeans or corn, the less a producer will receive, which in turn can reduce the 
benefit to the local and national economy. The transportation of soybeans and corn relies on 
multiple modes--truck, rail, and barge. Each of these methods incur different costs and present 
different issues within the supply chain5. Barge and rail are generally utilized for long distance 
movements; trucks fill in the gaps between farms, feedlots, local elevators, rail and barge-
served elevators, ports, and production or processing for food, feed, and fuel such as soybean 
oil, soymeal, biodiesel, ethanol, corn oil, and distillers dried grains. The two primary export 
areas for soybeans and corn in 2018 were the Pacific Northwest (PNW)--7.4 million metric tons 
of soybeans (17 percent of soybean exports), and 20.5 million metric tons of corn (32 percent of 
corn exports); and the Mississippi River Gulf--27 million metric tons of soybeans (61 percent of 
soybean exports) and 33.5 million metric tons of corn (53 percent of corn exports).6 These 
statistics illustrate the importance of barges to the transportation of soybeans and corn from 
the Midwest to the Gulf. In 2016, barges transported 54 percent of the soybeans and 55 
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percent of the corn for export, while railroads transported 30 percent of the soybeans and 35 
percent of the corn for export.7 Nearly 310,500 rail carloads of all grain and oilseeds were 
received in the Pacific Northwest in 2018, compared to over 22,000 carloads received in the 
Mississippi River Gulf.8 With regard to the Mississippi, in 2016, Informa Economics noted that 
the movement of soybean and grains had shifted from the upper Mississippi and Illinois River to 
the lower Mississippi and lower Ohio rivers due to the unreliability of locks; this, coupled with 
surplus corn supplies, has led to more products being loaded on the lower Mississippi.9 
Although this lowered costs for transporting products due to greater capacity of barge tows on 
the lower Mississippi, there is a loss of efficiency when products are transported greater 
distances by truck or rail to reach the lower Mississippi and lower Ohio river terminals to bypass 
the locks.9 

Wait Times, Congestion, and Delay 
It is important to address delays in grain transportation. Delays such as wait times and 
congestion result in increased transit times, which in turn, increases costs. Congestion occurs 
during movements between farms, feedlots, local elevators, rail and barge-served elevators, 
ports, and production or processing, while wait times accrue during loading and unloading at 
these locations, including transloading from one mode to another. The combination of 
congestion and wait times provides a total delay in the transportation of soybeans and corn. 
Typically, wait times and congestion go hand in hand, which result in delayed shipments of 
soybeans and corn. The relationship between congestion and wait times can go either way 
because they have a positive feedback relationship—as one increases, so does the other. 
Because of this, both concepts will be discussed in conjunction to describe how delays are 
formed. 

 A few studies have been conducted on wait times for grain logistics under different modes of 
transportation covering different locations in the supply chain. While some studies are 
outdated, they have been included due to the lack of available research on wait times, and to 
provide context of historical understandings about wait times in grain transportation. In 
general, wait times for trucks at country elevators are highly dependent on the time of day and 
whether the harvest is just beginning or near its end.10 One study from Fuller and Paggi stated 
that wait times for trucks hauling grains were sometimes as high as 30 hours at the Port of 
Houston.11 Between 1980 and 1990, the lock delays for barges in the Upper Mississippi were as 
high as 5.19 hours, with average wait times between 2.0 to 4.9 hours.12  

More recent studies on wait times provide averages for a better understanding of daily 
circumstances. Wait times for soybean routes have been investigated quite thoroughly, 
identifying that average wait times for trucks on the farm and at country elevators was 1.5 
hours9. The wait times increase dramatically at long haul terminals, with a wait time of 20 hours 
for rail shuttles, and 48 hours for a barge loader at long haul terminals9. These times increased 
further for loading soybeans into export elevators with the average wait time of 84 hours9. 
These wait times have major impacts on congestion throughout the supply chain. 

Farm to ocean-going vessel congestion often occurs at certain points during the movement of 
soybeans and corn. Congestion can happen during transloading from one mode to another or 



P a g e  | 5 
 

loading and unloading at storage facilities. Congestion can affect freight rates of other modes of 
transportation, the export price of the product, and the price paid to the producer. For 
example, lock congestion on the Upper Mississippi River has been found to directly affect barge 
rates in surrounding states12. Congestion can be caused by repairs or weather events. Lock 
repairs can cause major delays along the Ohio River, with wait times as high as 126 hours in 
2015, to get through former Lock 52,13 which has since been replaced by the Olmsted Locks and 
Dam.14 Together, congestion and wait times lead to transportation delays. 

While transportation delays are inconvenient, they can also increase the export price of the 
product and decrease the price paid to farmers. The mode which best exemplifies this is barges, 
where delays are typically a result of aging locks and dams. The time lost in barge travel 
represents less freight transported for that time period and can result in lost profits5. While 
barges are delayed at locks and dams, the towboats sit idling which results in increased fuel 
consumption. On the Upper Mississippi an hour of idling can burn through about 80 gallons of 
diesel fuel5. The delays in barge travel times can also increase barge rates which subsequently 
decrease barge demand5. A specific example of this relationship is in the wake of Hurricane 
Katrina. At the time of the hurricane, the Lower Mississippi was closed to barge traffic, 
prompting corn prices in prime growing areas, like Southern Illinois and Southern Missouri, to 
fall 20 percent as a response to empty waterways15. Barge rates increased shortly after from 
the usual range of $10-$20 per ton to a high of $39 per ton that season to recover some of the 
loses. In September of that year, grain exports from Louisiana were 52 percent lower than the 
previous year15. 

Changes in transportation rates charged by each mode can also affect the prices of a product. 
For example, barge prices have been shown to have between 0-5 percent variation in long-term 
corn prices after a disturbance, and 7-10 percent variation soybean prices in the long-term12. 
Rail prices also have an impact, with about 7 percent variation in corn prices, and roughly 9 
percent variation in soybean prices over time12. Grain prices impact future transportation rates. 
For example, corn prices have been shown to explain approximately 18 percent of the variation, 
and soybean prices could explain about 22 percent of the variance in barge rates the next 
year12. In addition, corn prices were able to explain about 10-20 percent of the variation of rail 
rates, and soybeans were able to account for 3-6 percent of the variation in future rail rates12. 
Improvements in infrastructure and the use of multi-modal transportation could reduce freight 
costs by 20-30 percent and up to 50 percent when wait times are accounted for9. Ultimately, 
transportation rates heavily impact export prices of grain, and the prices paid to farmers. 

Present Day Competitiveness 
The increasing cost of transporting soybeans and corn from origin to the final consumer affects 
the competitiveness of U.S. products in the international market. In recent years, the U.S. has 
experienced a decline in their overall market share of soybeans; mainly due to increased 
competition from Brazil. In 1992, the U.S. market share was 66 percent and by 2017 that had 
dropped to 40 percent. Brazil’s adoption of a floating exchange rate and the subsequent 
depreciation of the Brazilian Real relative to the U.S. Dollar likely contributed to much of this 
change16. However, Salin and Somwaru attribute this decline to differences in transportation 
costs that have made the South American soybean export market more profitable17. 
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Transportation accounts for 18-20 percent of the cost of shipping soybeans from the U.S. Gulf 
to Shanghai, China, and 21 percent of the total end cost of shipping from the Pacific Northwest. 
Transportation costs are more variable from Brazil, ranging from as low as 15 percent of landed 
costs to as high as 29 percent depending on the port location. Although the U.S. currently has 
more stable transportation costs, recent investments in Brazil and Argentina may change their 
transportation outlook17.  

The South American market’s competitiveness has increased due to targeted investments in 
infrastructure and transportation systems; Brazil’s multimodal transportation system plan 
intends to reduce their reliance on trucks for transport. This plan hopes to increase efficiency 
and reduce cost volatility. Current improvements include expansion of their rail network, and 
an increasing number of port projects. In 2014, private investment led to a new export route, 
which provided greater balance to the Brazilian transportation system from farm to port than 
the U.S. system; greater balance will stabilize transportation costs in these markets9. Argentina 
also has plans for improvements; the Hidrovia waterway, which is part of the Paraguay-Parana 
River System, is being expanded to be able to ship further into and out of the continent; the 
importance of this waterway is comparable to the Mississippi in the U.S9. Prior to these 
investments in South America, the United States gained the competitive advantage through the 
cost, speed, and reliability of transportation, since production costs were lower in Brazil and 
Argentina18. The importance of transportation costs to U.S. exports of soybeans and corn is 
clear with the declining market share since 19929,18.  

 

Summary 
Transportation costs heavily factor into U.S. exports of soybeans and corn. Each mode of 
transportation provides advantages and challenges while providing flexibility in reaching 
markets. However, wait times and delays can impact transit time and incur additional costs. 
Increased costs are then accompanied by increased export prices and decreased prices paid to 
farmers. Countries like Brazil and Argentina are investing in their transportation systems. For 
the United States to remain competitive in the international soybean and corn markets, 
transportation delays must be mitigated where possible. 

Soybean and Corn Supply Chain 
U.S. soybean and corn commodities can take multiple paths from farm to market. Each segment 
of the supply chain presents different modes of transportation and delay. Figure 1 and Figure 2, 
taken from Farm to Market: A Soybean’s Journey9,  illustrate the steps for both soybeans and 
corn respectively.  

The soybean transportation chain begins at harvest. From harvest the soybeans are transported 
by truck to one of six locations: on-farm storage, country elevator, barge terminal, shuttle 
elevator, crushing plant, or domestic use. From storage and distribution locations, a portion of 
the soybeans are transported by truck to other storage and distribution destinations such as 
country elevator, barge terminal, or shuttle elevator. The remaining soybeans are sent by truck, 
rail, barge or multiple modes of transportation to a crushing plant for processing or for export. 
From the crushing plant a portion of soybean products are transported by rail and barge 
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directly to export or by truck and rail to a river terminal then by barge to an export terminal. 
The remaining products are transported from the crushing plant by truck to a refinery or to a 
final domestic use destination. From the refinery, products are moved by truck and rail to a 
final domestic use or by rail and barge to export terminals.  

The corn supply chain is very similar to the soybean process. From harvest, corn is transported 
to storage and distribution locations consisting of on-farm storage and various types of 
elevators. From storage the corn is sent to export terminals, a final domestic use location, or to 
processing. Although the chart below does not show it, the corn to ethanol supply chain is 
much the same as the soybean to biodiesel supply chain. After the corn is processed, the 
products are sent to export or domestic distributors and final users. Since corn and soy supply 
chains are very similar, the soybean data collected from Farm to Market: A Soybean’s Journey9 
regarding modes of transportation and travel distances between each type of destination was 
utilized for corn calculations in the transportation cost model described in the next section.     
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Figure 1. Soybean Value Chain9 
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Figure 2. Corn Value Chain9 
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Transportation Cost Overview 
The Soybean and Corn Transportation Cost Model was developed to estimate the total 
transportation costs, congestion costs, and wait time costs associated with soybean distribution 
in the United States.  As soybeans and related products are transported by truck, rail, and 
barge, it was necessary to calculate an hourly transportation cost for each of these modes.  

The first step in this process was to determine the total number of trips for each travel mode, at 
each link in the supply chain. This was done using data from Farm to Market: A Soybean’s 
Journey9. This report provided average trip mileage and total tons moved, by mode, for each 
step of the logistics chain. This data was used to estimate the total number of trips by mode, 
which was then used to estimate the total number of vehicle hours traveled (VHT) for each 
mode. 

The total VHT for each mode was then broken down into base VHT and additional VHT from 
truck, rail, and barge congestion by applying a modal congestion factor to the total VHT. The 
base VHT, as reported by the model, is essentially the hours of travel if there was no congestion 
on the route. The congested VHT is the additional hours of transit that exist due to congestion 
on the route. Thus, the sum of these is the actual hours of transit.   

In addition to base hours in transit and the additional hours from congestion, wait hours were 
determined. Wait hours refer to the number of hours spent waiting at each step in the logistics 
chain. Wait times are shown in Table 3, below. These hours are not directly related to 
congestion, but rather were typically wait times associated with loading product. Hours spent 
waiting at each step were taken from Farm to Market: A Soybean’s Journey9 and multiplied by 
the number of trips, to determine a total number of wait hours. 

Table 3. Soy Supply Chain Wait Times9 

Step of Soy Supply Chain Wait Time (Hours) 
Truck Loading at Harvest 1.50 
Truck Loading at Country Elevators 1.50 
Rail Loading at Rail Terminals 20.00 
Barge Loading at Barge Terminals 48.00 
Barge Wait at Export Elevators 84.00 

 

Once base hours, congestion hours, and wait hours were calculated, hourly transportation costs 
by mode were calculated. The transportation costs were disaggregated into their constituent 
components as much as was possible. These costs were then applied to the base VHT, 
congestion VHT, and wait hours. 

Finally, the transportation costs for each mode were divided by the total number of bushels or 
tons of product, in order to provide per bushel and per ton costs. A per bushel and per ton cost 
range was then calculated, with the low-end estimate assuming the product takes the most 
cost-efficient route, meaning the least intermediate steps and least transloading, while the 
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high-end estimate assumes the product took the least cost-efficient route. The following 
sections describe these calculations in detail, for each mode. 

Truck Transportation Costs 
In order to calculate truck transportation costs, it was first necessary to calculate truck VHT at 
each step of the soybean and corn value chains. The base VHT for each segment was calculated 
by dividing truck ton miles for that segment by the number of assumed tons per trucki, then 
again by the assumed free flow speedii of 39.42 MPH23. The base VHT represents how many 
hours of travel there would be with no congestion. Adding the base VHT to the congestion VHT 
yields the total actual VHT. 

The additional hours of travel due to congestion were calculated by multiplying the base VHT by 
a rural Travel Time Index19 of 1.05. The Texas A&M Transportation Institute (TTI) developed the 
Travel Time Index to estimate congestion delay in urban areas. The Travel Time Index is the 
ratio of the travel time during the peak-period to the time required to make the same trip at 
free-flow.20 The report examines congestion delay in 471 urban areas in the United States. The 
travel time index for the smallest 370 urban areas is 1.09.  A conservative Travel Time Index of 
1.05 was selected to represent rural travel. This value indicates that a 20-minute free-flow trip, 
traveled at 60 MPH, requires 21 minutes during the peak period. 

Finally wait hours per supply chain segment were calculated using the truck wait times shown 
in Table 3. Truck ton miles per segment were divided by the average distance of each segment 
to determine total tons. Total tons were then divided by tons per truck to calculate total truck 
trips per segment. The number of truck trips per segment was then multiplied by the average 
wait time per segment to determine a total number of truck wait hours. These are not hours of 
travel for a truck, but rather hours where the truck is assumed to be idling while waiting at a 
step of the supply chain. 

Vehicle Hours Calculations 
Base VHT = (Ton Miles per Segment) / (Tons per Truck) / (Free Flow Speed)  
Congested VHT = (Base VHT) x (Travel Time Index)  
Truck Trips per Segment = (Ton Miles per Segment) / (Segment Distance) / (Tons per Truck)  
Wait Hours = (Truck Trips per Segment) x (Segment Wait Time) 

Once VHT was calculated, truck transportation costs were applied to the VHT to determine the 
transportation costs for base VHT, congested VHT, and wait hours. Truck transportation costs 
were obtained from ATRI’s 2018 Operation Costs of Trucking update.23 The major costs 
included in these are fuel costs, vehicle capital costs, and driver wages and benefits. Each of 
these costs was then multiplied by the base VHT and congested VHT, then summed, to 
determine the base transportation cost and additional cost from congestion. 

                                                           
i Assumed 24.25 tons per truck 
ii Free flow speed is the speed a vehicle will travel at with no congestion. 
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Wait time costs were calculated differently, as it was assumed the truck was idling for the 
duration of the hours waited. Tire costs and toll costs were removed, since these costs could 
not be incurred while a truck was idling. Fuel costs were adjusted to account for lower fuel 
consumption while idling. The adjustment was made using idle fuel consumption statistics from 
the US Department of Energy21 and diesel fuel prices from the US Energy Information 
Administration.22 All other costs remained the same. Again, these costs were multiplied by the 
total number of wait hours, then summed to provide a total cost for wait hours. 

Table 4. ATRI Truck Operation Costs per Hour23 

Cost  Dollars per Hour 
Fuel Costs   $14.50  
Truck/Trailer Capital Costs  $10.39  
Repair and Maintenance  $6.58  
Truck Insurance Premiums  $2.95  
Permits and Licenses  $0.92  
Tires  $1.50  
Tolls  $1.05  
Driver Wages  $21.97  
Driver Benefits  $6.78  
Total Hourly Cost  $66.64  

 
Table 5 displays the truck cost components as a percentage of the total truck cost. These do not 
differ in the base and congestion cases, as in both cases the truck is operating in the same 
manner. However, each component makes up a slightly different percentage in the wait case. In 
instances of excessive delays, detention fees may be collected from shippers24. When waiting 
the truck is assumed to use much less fuel, as the engine is idling. Additionally, there is no tire 
or toll cost, as the truck is not moving. These percentages can be applied to the transportation 
costs show in Appendix A, in order to disaggregate a product’s total transportation costs into 
these components. 

Table 5. Truck Cost Components as Percent of Total Cost 

Cost % of Base Cost % of Congestion Cost % of Wait Cost 
Fuel Costs  21.80% 21.80% 4.80% 
Truck/Trailer Capital Costs 15.60% 15.60% 20.00% 
Repair and Maintenance 9.90% 9.90% 12.60% 
Truck Insurance Premiums 4.40% 4.40% 5.70% 
Permits and Licenses 1.40% 1.40% 1.80% 
Tires 2.30% 2.30% 0.00% 
Tolls 1.60% 1.60% 0.00% 
Driver Wages 33.00% 33.00% 42.20% 
Driver Benefits 10.20% 10.20% 13.00% 
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Rail Transportation Costs 
Rail transportation costs were calculated in a similar manner to truck transportation costs. Base 
VHT was again calculated for each segment by dividing rail ton miles for that segment by the 
number of assumed tons per train, then again by assumed train speed. Base VHT again 
represents how many hours of travel there would be with no congestion. 

Rail congestion was calculated by multiplying the base VHT by the rail congestion index of 1.05. 
This conservative congestion index was estimated based on discussions with rail industry 
experts. Congestion in this sense refers to delays encountered due to other rail traffic. 
Situations where scheduling forces a train to stop and wait on another train are an example of 
this. 

Rail wait hours per segment were calculated in the same manner as truck wait hours. Rail ton 
miles were divided by the average distance per segment, then by the number of tons per train, 
to determine total train trips. The number of train trips per segment was then multiplied by the 
average wait time per segment, which provides the total number of train wait hours. Train wait 
hours represents the number of hours lost due to loading and unloading rail cars at each step. 

Rail Hours Calculations 
Base VHT = (Ton Miles per Segment) / (Tons per Train) / (Train Speed)  
Congested VHT = (Base VHT) x (Rail Congestion Index)  
Rail Trips per Segment = (Ton Miles per Segment) / (Segment Distance) / (Tons per Train)  
Wait Hours = (Rail Trips per Segment) x (Segment Wait Time) 

Rail transportation costs per hour were then applied to the base VHT and congested VHT. Due 
to the proprietary nature of railroad operations cost data, it proved impossible to estimate rail 
transportation costs at the same level of detail as truck transportation costs. Instead of a 
detailed breakdown of costs, as shown in the truck cost section, two hourly operations costs 
were calculated. An hourly operating cost for train trips over 500 miles was determined and 
another determined for trips under 500 miles.  

The rail rate analysis was performed at the 5-digit Standard Transportation Commodity Code 
(STCC) system used by railroads, and the exact match for Soy and Corn at the 5-digit STCC level 
were STCC 01144 and STCC 01132, respectively. The Surface Transportation Board’s (STB) 
Confidential Waybill Samples including 2016 and 2017 were used to acquire information on rail 
rates (revenue per net ton). Rail rates were calculated by using the Expanded Tons and the 
Expanded Freight Revenue information which expands waybill ton and revenue sample 
statistics to 100% levels reflecting population count. As a result, the rail rate analysis by using 
STB’s Confidential Waybill Samples provided the national average rates over a variety of haul 
distances for both study commodities. This method was adapted from a methodology used 
previously in work for the U.S. Army Corps of Engineers. 
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These per ton mile rates were then converted into hourly costs based on assumed rail speeds 
and load factors. Hourly costs were then multiplied by the base VHT and congested VHT for 
each segment, using the over or under 500-mile cost as appropriate for the segment.  

While total wait hours were calculated, it was not possible to calculate an hourly cost for wait 
hours. The operations costs previously calculated would not be representative of the costs 
incurred while waiting for a train to be loaded. Demurrage charges could be substantial in some 
cases, with rates of up to $150 per car25. Capital costs are also incurred during these wait 
periods. However, because of the nature of the available cost data, it is not possible to isolate 
wait costs other than demurrage. Therefore, this analysis does not attempt to calculate a rail 
wait cost.  

Table 6. Rail Cost Assumptions 

Assumption Value 
Soybean Tons per Railcar26 110 
Railcars per Train26 110 
Average Speed27 25.82 
Rail Congestion Index 1.05 
Operating Cost per Hour < 500 Miles $35,408 
Operating Cost per Hour ≥ 500 Miles $9,866 

 

Barge Transportation Costs 

The VHT calculation for barges proved to be more complicated than truck or rail. Before barge 
hours could be calculated it was necessary to determine how many locks each trip would 
encounter, and how many barges would be towed on each trip. 

According to the data in Table 5: U.S. Distribution of Soybeans from Barge Terminals of Farm to 
Market: A Soybean’s Journey from Field to Consumer, barge trips fell into two categories. These 
are 535-mile average trips from barge terminals to crushing plants, or 1000-mile average trips 
to Center Gulf export position. Additionally, each towboat typically tows 15 barges in the lock-
controlled regions of the Mississippi, and 20 to 40 barges on the non-lock-controlled regions. 
Therefore, it was necessary to determine which trips occurred on the lock and non-lock-
controlled regions of the river. 

The approximately 1000-mile trips ended at the Center Gulf export position. This analysis uses 
the Port of New Orleans as a proxy for the Center Gulf export position, therefore the trips were 
assumed to originate approximately 1000 miles upriver from that. Measuring 1000 miles north 
of New Orleans on the Mississippi shows that these trips are on average originating near St. 
Louis. This region of the river is not lock-controlled, meaning that there are no locks, and the 
towboats on these trips are assumed to be towing more barges. It was assumed that on the 150 
mile stretch along the Mississippi from near St. Louis to Cairo, IL, there were 20 barges per 
towboat. Once reaching Cairo, IL, where the Ohio River meets the Mississippi River, larger tows 
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of 40 barges per towboat are assembled. Thus, for the remaining 850 miles of the 1000-mile 
trip, it was assumed that there are 40 barges per towboat. 

The remaining 535-mile trips, which end at the crushing plants, were assumed to originate 
further upriver. This would be consistent with the geography of soybean and corn production. A 
point 535 miles upriver from St. Louis was then measured. This point represents the average 
origin location of these barge trips and is well inside the lock-controlled region of the Upper 
Mississippi. Thus, the average towboat on this trip would tow 15 barges and encounter 18 
locks. 

It was also necessary to determine the average delay per lock on the Mississippi River. This data 
was acquired from the Army Corps of Engineers Lock Performance Monitoring System. The 
average hours of delay are defined as the time from when the towboat arrives at the lock, to 
when the towboat begins the lockage, calculated for all towboats passing through a lock 
chamber. This also includes delay when towboats are told to stand by until a lock is available. 
An average delay per lock of 1.45 hours was calculated by taking an average of these delay 
hours from a sample of locks on the Upper Mississippi. 

Once barges per towboat and number of locks encountered had been calculated, it was 
possible to calculate base VHT. It was necessary to split VHT into towboat VHT and barge VHT, 
as their costs differed. Base towboat VHT was calculated by dividing the ton miles per segment 
by the tons per barge tow, then by the towboat speed. This was multiplied by the number of 
barges per tow to determine barge base VHT. Additional VHT from congestion, which refers to 
hours of delay incurred at waterway locks, was calculated by multiplying number of trips on the 
segment by the number of locks on that segment, then by the average delay per lock. Wait 
hours were calculated by multiplying the wait hours per segment by the number of trips. 

Barge and Towboat Hours Calculations 

Towboat Trips = ((Tons per segment) / (Tons per Barge)) / (Barges per Tow) 
Base Towboat VHT = ((Towboat Trips) x (Miles)) / (Towboat Speed) 
Base Barge VHT = (Base Towboat VHT) x (Number of Barges per Tow) 
Towboat Congested VHT = (Towboat Trips) x (Number of Locks) x (Average Lock Delay) 
Barge Congested VHT = (Towboat Congested VHT) x (Number of Barges per Tow)  
Towboat Wait Hours = (Towboat Trips per Segment) x (Segment Wait Time) 
Barge Wait Hours = (Towboat Wait Hours) x (Number of Barges per Tow) 

Towboat and barge costs were then calculated and applied to VHT and wait hours to determine 
total transportation cost. Towboat hourly costs can be disaggregated into fuel costs and all 
other costs. All other costs include crew wages, maintenance, and capital costs. Barge hourly 
costs are dependent on the type of barge; dry barges are used for soybeans and corn, while 
tank barges are used for soybean oil and ethanol. 

Barge and towboat operations costs were calculated using the producer price index for inland 
waterway towing services28, which was last updated March 2017. The 2016 index was used, 



P a g e  | 16 
 

and inflated to 2017 dollars, as this was the last full year of index data available. The index data 
from 2016 was deemed appropriate as there was no change in the index from December 2016 
to March 2017. Additionally, the index for all inland waterways freight transportation services 
increased by only ½ a percent from December 2016 to October 2018.  

Cost figures for operating towboats and barges were taken from the USACE’s Economic 
Guidance Memorandum (EGM) 05-0629, which provides Shallow Draft Vessels Operating Costs 
for 2003. This is the most recent information that is publicly available. An adjustment was made 
to fuel costs for this analysis due to the dramatic increases in fuel costs since 2003 and the 
now-prevalent use of ultra-low sulfur diesel (ULSD). At the time the EGM was prepared, the 
standard fuel was No. 2 high sulfur diesel fuel. Due to new emissions and sulfur content 
regulations, the fuel used in this analysis was No. 2 ULSD. According to the Energy Information 
Administration, the average price per gallon of ULSD in 2017 was $2.65.iii 30 The Inland 
Waterway Fuel Tax of $0.29 per gallon was added on to get the total cost per gallon of $2.94. 
This is 252 percent of (or 2.52 times) the cost per gallon used in the EGM ($1.166). 

The other operating costs that the USACE reported were inflated using the Inland Waterways 
Towing Transportation Producer Price Index to reflect 2017 dollars. This caused a 45.6 percent 
increase to the costs provided in the memorandum (or 1.456 times the stated costs). 

The Corps of Engineers contracted with Tennessee Valley Authority and Chris Dager to analyze 
several aspects of fuel usage and towboat characteristics on inland waterways from as far back 
as 1997.  Up through 2008, part of that analysis included a calculation of average towboat size 
per river segment, measured in horsepower (HP).  For the Illinois River, the average ranged 
between 2410 HP and 2964 HP. The average over the entire time period was 2749 HP.  The 
ranges included in the EGM were 2200-2400 HP and 2800-3400 HP; therefore, the towboat 
horsepower used for this analysis is the 2800-3400 HP category.  

For tank barges, the 297.5-ft × 54-ft barge without coils was used. For dry cargo barges, the 
195-ft × 35-ft covered hopper barge was used. 

Towboat cost in 2017 dollars: 

Non-fuel daily cost: ($7,383.13 − $3,614.60) × 1.456 = $5,486.98 
Daily fuel cost: $3,614.60 × 2.52 = $9,108.79 
Cost per day: $5,486.98 + $9,108.79 = $14,595.77 
Cost per hour = $608.16 

This hourly rate is consistent with costs reported by the Corps of Engineers for Ohio River 
towboats as of 2010.  The Corps calculated these costs for six locks downriver from 
Pennsylvania.  The costs ranged from $554/hr to $602/hr.iv 31   

                                                           
iii The peak since 2003 was $3.97 in 2012. Since fuel costs are such a large component of overall costs, such an 
increase in fuel costs would have a dramatic effect on total operating costs. 
iv This was calculated from information presented in “Ohio River Navigation: Economic Impacts and Engineering 
Reliability” at the KSPE Annual Convention in Covington, KY, April 29, 2011. 
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Tank barge cost in 2017 dollars: 

EGM daily cost: $597.34 
Adjusted daily cost: $597.34 × 1.456 = $869.73 
Adjusted hourly cost: $36.24 

The dry barge cost in 2017 dollars: 

EGM daily cost: $107.98 
Adjusted daily cost: $107.98 × 1.456 = $157.22 
Adjusted hourly cost: $6.55 

The hourly operating costs reported above were then applied to the VHT and wait hours as was 
done for the other modes of transportation. This yielded the total transportation cost. A full list 
of assumption for barge costs can be seen below in Table 7.  
 

Table 7. Barge Cost Assumptions 

Assumption Value 
Barges per Tow Lock-Controlled                     15  
Barges per Tow St. Louis to Cairo 20 
Barges per Tow Cairo Point to New Orleans                      40  
Towboat fuel cost per hour  $379.53  
Towboat other cost per hour  $228.63  
Tank barge cost per hour  $36.24  
Dry barge cost per hour  $6.55  
Tons per Barge                     1,500v  
Average Lock Delay (Hours)                       1.45  
Barge Speed (mph)                       4.95  

 

Results 
The results of the analysis are shown as per bushel or per ton costs, depending on the product. 
A per unit price was calculated for each segment, by mode. This was done by dividing the 
calculated transportation costs by the number of units. Each segment was then summed to 
determine the total transportation cost per bushel. For example, for soybeans traveling from 
harvest to export, via a barge terminal, the transportation cost per bushel for the truck trip 
from harvest to the barge terminal was added to the cost for the barge trip from the terminal 
to export. This provides an estimate of the transportation cost per bushel for soybeans taking 
that route.  

                                                           
v It should be noted that although this analysis uses 1,500 tons per barge, the actual tons per barge may be higher 
depending on the river segment. 
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Transportation Cost Profiles 
Transportation costs are shown as a low and high estimate for each product. Because there are 
multiple routes and modes that each product could travel on, it was necessary to estimate a 
most efficient and least efficient route for each product. For example, a shipment of soybeans 
may travel direct from harvest, to a barge terminal to export. It may also travel from harvest, to 
a country elevator, then to a shuttle elevator, from there to a barge terminal, then to export. 
These routes have substantially different cost profiles and represent a most efficient and least 
efficient route. The true average cost per unit will likely fall somewhere in between these two 
extremes. 

Table 8. Soy Product Total Transportation Costs per Ton 

Product Low High 
Domestic Soybeansvi $5.80 $5.80 
Gulf Export Soybeans  $9.40 $64.60 
Soymeal Feed  $8.00 $70.23 
Soymeal Domestic  $27.70 $90.10 
Soymeal Export  $11.90 $65.30 
Soybean Oil Export  $15.70 $51.65 
Biodiesel  $7.30 $101.17 

 
Table 8 shows the total cost per ton to transport each product to its destination. The total cost 
includes the base transportation cost, congestion cost, and wait cost, for each mode of 
transport.  Generally, the transportation cost increases as products move through more stages 
of the supply chain, for example soybeans converted to biodiesel have several more steps to 
pass through than those going direct to export.  

The distance traveled, and the mode used, also greatly impacts transportation costs. Short 
distance transportation by rail was the most expensive mode, at about $0.11 per ton mile, 
followed by truck transportation at $0.07 per ton mile. Long distance rail was less costly at 
$0.03 per ton, while barge travel was substantially lower cost at $0.003 per ton mile. Therefore, 
routes that minimize truck and short distance rail transit were generally the lowest cost.  

While truck transportation was the highest cost per ton mile, rail transportation typically made 
up the largest share of each route, when available. For example, on the high cost estimate for 
soymeal going to domestic market, rail transportation costs made up 68 percent of the total. 
While rail is less costly per ton mile, the routes utilizing rail were typically very long distance. 
The average truck movement was about 50 miles, while rail movements could be up to 2,000 
miles in some cases. Although barge transportation is substantially less expensive, it has a much 
more limited set of destinations. A full breakdown of per unit costs by mode and by base costs, 
congestion costs, and wait time costs, can be found in Appendix A.  

                                                           
vi Low and high estimate were equivalent as the data showed only one possible route 
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Table 9. Soy Product Transportation Delay Cost per Ton 

Product Low High 
Domestic Soybeansv $3.30 $3.30 
Gulf Export Soybeans  $4.40 $10.10 
Soymeal Feed  $3.50 $10.30 
Soymeal Domestic  $4.40 $11.30 
Soymeal Export  $4.10 $9.70 
Soybean Oil Export  $5.70 $11.40 
Biodiesel  $3.40 $11.80 
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Table 9 shows the delay cost per ton of product. Delay cost is the sum of congestion and wait 
costs, congestion cost being the cost incurred from additional traffic along the route, while wait 
cost is the cost incurred while waiting for loading at different stages of the supply chain. Delay 
cost plus the base transportation cost equals the total cost shown in Table 8. 

Table 10. Soy Product Delay Cost as Percent of Total Cost 

Product Low High 
Domestic Soybeansvi 58% 58% 
Gulf Export Soybeans  47% 16% 
Soymeal Feed  43% 15% 
Soymeal Domestic  16% 13% 
Soymeal Export  35% 15% 
Soybean Oil Export  36% 16% 
Biodiesel  47% 12% 

 
Table 10 shows the delay cost as a percent of total cost. Delay costs typically make up a higher 
percentage of the lower cost routes, than the high cost routes. This is because the high cost 
routes are generally longer distance, which drives up the base transportation cost. Being longer 
distance, the wait costs incurred at loading and unloading make up a smaller portion of the 
total costs, than on shorter trips. 

Delay costs make up anywhere from 12 percent to 58 percent of the total transportation cost. 
Again, these are generally higher on shorter distance trips. This explains the domestic soybean 
product having the highest percentage of delay costs, as this product travels a short distance 
and has minimal mode changes. Likewise, domestic soymeal has the lowest percentage of delay 
costs, being a product that moves through several supply chain stages and travels a relatively 
long distance. 

Conclusion 
This report provided an overview of literature regarding soy and corn transportation costs and 
developed a novel methodology for estimating these costs. This report also identified where 
transportation costs occur in the soybean and corn supply chains, where delay occurs, and how 
these affect the price of soybean products. These delay costs were shown to make up a 
substantial portion of the overall transportation costs for each product.  

This research will aid consumers in better understanding the importance of the transportation 
system and its effects on soybean and corn product prices. Additionally, this research and the 
methodology created for it, will be used to estimate the transportation delay costs associated 
with a basket of food products in various urban areas within the United States.  
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Appendix A 
Table 11. Soybeans to Domestic Use Transportation Cost per Busheviil 

Mode Base Cost Congestion Cost Wait Cost Total Cost 
Truck $0.07 $0.00 $0.10 $0.17 
Rail N/A N/A N/A N/A 
Barge N/A N/A N/A N/A 
Total $0.07 $0.00 $0.10 $0.17 

 

Table 12. Soybeans to Domestic Use Transportation Cost per Ton 

Mode Base Cost Congestion Cost Wait Cost Total Cost 
Truck $2.44 $0.12 $3.22 $5.78 
Rail N/A N/A N/A N/A 
Barge N/A N/A N/A N/A 
Total $2.44 $0.12 $3.22 $5.78 

 

Table 13. Soybeans to Center Gulf Export Position Transportation Cost per Bushel 

 Base Cost Congestion Cost Wait Cost Total Cost 
Mode Low High Low High Low High Low High 
Truck $0.05 $0.18 $0.00 $0.01 $0.10 $0.19 $0.15 $0.38 
Rail N/A $1.36 N/A $0.07 N/A N/A N/A $1.43 
Barge $0.10 $0.10 $0.00 $0.00 $0.03 $0.03 $0.13 $0.13 
Total $0.15 $1.63 $0.00 $0.08 $0.13 $0.23 $0.28 $1.94 

 

Table 14. Soybeans to Center Gulf Export Position Transportation Cost per Ton 

 Base Cost Congestion Cost Wait Cost Total Cost 
Mode Low High Low High Low High Low High 
Truck $1.74 $5.93 $0.09 $0.30 $3.22 $6.44 $5.05 $12.66 
Rail N/A $45.33 N/A $2.27 N/A N/A N/A $47.60 
Barge $3.24 $3.24 N/A $0.00 $1.08 $1.08 $4.32 $4.32 
Total $4.98 $54.50 $0.09 $2.56 $4.30 $7.52 $9.37 $64.58 

 

Table 15. Soymeal to Domestic Feed Operations Transportation Cost per Ton 

 Base Cost Congestion Cost Wait Cost Total Cost 
Mode Low High Low High Low High Low High 
Truck $4.53 $11.15 $0.23 $0.56 $3.22 $6.44 $7.98 $18.15 
Rail N/A $45.33 N/A $2.27 N/A N/A N/A $47.60 
Barge N/A $3.39 N/A $0.38 N/A $0.70 N/A $4.47 

                                                           
vii N/A refers to a value that was not calculated. Rail wait cost is never calculated, because wait costs were assumed 
to be 0. In other instances costs were not calculated because there was no product moving on that mode. A cost of $0 
shows that a cost was calculated but it was too small to be represented on a per unit basis. 
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Total $4.53 $59.88 $0.23 $3.20 $3.22 $7.14 $7.98 $70.23 
 

Table 16. Soymeal to Domestic Market Transportation Cost per Ton 

 Base Cost Congestion Cost Wait Cost Total Cost 
Mode Low High Low High Low High Low High 
Truck $8.02 $11.15 $0.40 $0.56 $3.22 $6.44 $11.64 $18.15 
Rail $15.30 $64.28 $0.76 $3.21 N/A N/A $16.07 $67.50 
Barge N/A $3.39 N/A $0.38 N/A $0.70 N/A $4.47 
Total $23.32 $78.83 $1.17 $4.15 $3.22 $7.14 $27.70 $90.12 

 

Table 17. Soymeal to Gulf Export Transportation Cost per Ton 

 Base Cost Congestion Cost Wait Cost Total Cost 
Mode Low High Low High Low High Low High 
Truck $2.79 $6.97 $0.14 $0.35 $3.22 $6.44 $6.15 $13.76 
Rail $1.70 $45.33 $0.08 $2.27 N/A N/A $1.78 $47.60 
Barge $3.24 $3.24 $0.00 $0.00 $0.69 $0.69 $3.93 $3.93 
Total $7.73 $55.54 $0.22 $2.62 $3.91 $7.13 $11.86 $65.29 

 

Table 18. Soybean Oil to Gulf Export Transportation Cost per Ton 

 Base Cost Congestion Cost Wait Cost Total Cost 
Mode Low High Low High Low High Low High 
Truck $2.79 $5.93 $0.14 $0.30 $3.22 $6.44 $6.15 $12.66 
Rail N/A $45.33 N/A $2.27 N/A N/A N/A $47.60 
Barge $7.24 $7.24 $0.12 $0.00 $2.35 $2.35 $9.59 $9.59 
Total $10.03 $58.50 $0.26 $2.56 $5.57 $8.79 $15.74 $69.85 

 

Table 19. Soybean to Biodiesel Transportation Cost per Ton 

 Base Cost Congestion Cost Wait Cost Total Cost 
Mode Low High Low High Low High Low High 
Truck $3.83 $6.62 $0.19 $0.33 $3.22 $6.44 $7.25 $13.40 
Rail N/A $79.33 N/A $3.97 N/A N/A N/A $83.30 
Barge N/A $3.39 N/A $0.38 N/A $0.70 N/A $4.47 
Total $3.83 $89.35 $0.19 $4.68 $3.22 $7.14 $7.25 $101.17 
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