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A Tale of Two Ports 
The Cost of Inefficiency 

To take advantage of the global economy, more and more countries are seeking bilateral and 

multilateral trade agreements. These agreements are intended to level the playing field for 

export markets. The World Bank, the Interamerican Development Bank, and many donor 
countries have developed programs to liberalize trade regimes through economic policy 

reform, but countries are realizing that persistent weaknesses in infrastructure and 

institutional frameworks undermine those reforms. 

Recent research, for example, has shown how transport inefficiencies affect development, 

trade success, and foreign investment. Hummels (1999) provides evidence of the impact of 

high transportation costs, as determined by distance to source and export markets, and the 
impact on development. Henderson, Shalizi, and Venables (2001) explore how transport costs 

influence trade and welfare. Hoffmann and Kumar (2002) show a symbiotic relationship 

between trade and maritime transport and their interplay with globalization. And at least two 
other studies show the precise impact of high transport costs. Limao and Venables (2000), for 

example, show that increasing transport by 10 percent can reduce trade volumes by 20 

percent; Radelet and Sachs (1998) show that a doubling of shipping costs can slow annual 
economic growth by about a half percentage point. 

While these studies illustrate generally the effect of transport on trade flow patterns and the 

importance of transport costs to trade success, some use distance as a proxy for transport costs 
in their analysis. High transport costs, however, can be explained by many other factors, such 

as lower cargo volumes, trade flow imbalances, inadequate infrastructure, onerous border 

and cargo processing procedures, and port inefficiencies. Port costs, for example, represent 
about 8−12 percent of total transport costs from product origin to destination. Shippers, who 

consider port costs as one of the very few, if not the only, controllable costs in the logistics 

chain, make shipping decisions in part based on those costs. To the extent that port costs are a 
proxy for port performance (efficiency), efficiency influences shippers’ choice of markets. 

More and more studies of the impact of transportation on trade and welfare are focusing on 

ports and border crossings. Clark, Dollar, and Micco (CMO) (2001) declare that port efficiency 
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can affect transportation costs and that an inefficient port can increase the distance to a 

shipper’s export market by 60 percent. In a study of Asia Pacific Economic Cooperation 
(APEC) countries, Wilson, Mann, and Otsuki (WMO) (2003) explore the importance of port 

efficiency relative to other factors that enhance or constrain trade, such as Customs, the 

regulatory environment, and e-business. Calculating indicators for each factor, WMO find 
that improvement in port efficiencies yields the largest increases in trade flows; specifically, 

an improvement of 0.55 percent in the port efficiency indicator has the same impact as 5.5 and 

3.3 percent improvements in Customs performance and e-business indicators, respectively. 

CMO and WMO, however, do not address port efficiencies in terms that shipping companies 

or shippers understand. Shippers and shipping companies (carriers) want to know how long 

it will take a port to process their ship or cargo and at what cost. CMO and WMO rely 
extensively on annual survey results of the Global Competitiveness Report. Only one survey 

question addresses ports: individuals are asked to agree or disagree (on a scale of 1-7) with 

the statement “Port facilities and inland waterways are extensive and efficient.” One can 
imagine how individuals from Montana, Lesotho, Malawi, Uganda, Bolivia, and cities in 

mountainous areas far from coastlines might respond to this question. Even if we accept these 

survey responses as realistic measures of port inefficiency, we still cannot discern the 
underlying causes of inefficiency. 

Researchers are also scrutinizing how border processing procedures affect trade. Given the 

relationship between border processing time and transport costs, delays at crossings create a 
“virtual” border of several hundred miles. Inefficient procedures undermine the intended 

benefits not only of liberalized trade policies, but also of investments in border infrastructure 

and information technologies. Improving those procedures can lower total transaction costs 
and thereby improve the competitiveness of a country’s trade—and recent research suggests 

that better procedures can lower costs substantially. These studies, however, focus on formal 

trade barriers, with relatively little attention to informal trade barriers, particularly at border 
crossings. As Hummels (2001) asserts,  

non-tariff barriers of various sorts and structural impediments are less obvious and 
perhaps more interesting, but also much more difficult to directly measure. As a 
consequence, researchers rely primarily on indirect methods: positing a model of 
bilateral trade flows and correlating flows with proxy variables meant to represent 
trade barriers. 

Recent research sheds some light on border logistics processing requirements and, more 

important, the underlying causes of cross-border inefficiencies. Haralambides and Londoño-

Kent (2002) “capture” the movements, times, and costs of each procedure in freight transport 
(via truck) across the Laredo (Mexico) to Nuevo Laredo (United States) border by sending a 

“hypothetical shipment” from Chicago (United States) to Monterrey (Mexico). Francois, Fox, 

and Londoño-Kent (2003) identify the cost impact associated with these border procedures, 
potential savings if improved, and the consequent impact of improvement: welfare increases 
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of $1.8 billion and $1.4 for Mexico and the United States, respectively, and a nearly 10 percent 

increase in cross-border trade flows. 

Likewise, Ashar, Hochstein, and Kent (1998) address port efficiency (as defined by a 

combination of cost and performance) when they examine the extraordinarily high freight 

rates to Central American ports. The study explicitly recognizes the economies-of-scale 
disadvantage of smaller economies and proposes a new system of maritime shipping to 

consolidate shipments and increase volumes at specific ports that would serve as hubs (i.e., a 

coast to coast pendulum service with a Canal transit). The study implicitly addresses port 
inefficiencies by calculating total port costs per container for specific ports; port charges that 

use time as a basis for calculating charges, such as berthage, serve as a proxy for inefficiency 

(e.g., the longer a vessel stays at the berth, the more the port charges for the vessel’s stay). 
This study, however, still does not capture all costs associated with a vessel’s call to a port; the 

ship itself incurs greater operational costs, for example, when poor port performance extends 

its stay in the port. Similarly, a shipper incurs more port storage costs if the time required for 
processing its container goes beyond “acceptable” bounds. 

Though we have made much progress in understanding how port performance affects trade 

and welfare, research that addresses port inefficiencies in commercial terms, the underlying 
causes of inefficiencies, and their impact on the cost of using a specific port, is rare. In this 

paper, we therefore extend the approaches of Haralambides and Londoño-Kent and of Ashar, 

Hochstein, and Kent in order to assess port costs and inefficiencies and discern their 
underlying causes. We compare the cost and performance of an efficient port (i.e., one that is 

known to operate at global standards) with an inefficient one by determining vessel berth and 

cargo dwell times and “running” a model ship through our port tariff model. We then 
examine and explain times in the inefficient port that exceed those of the efficient one in view 

of the processing procedures used in the inefficient port. In calculating the cost difference 

between the efficient and the inefficient port, we arrive at the cost of inefficiency. 

Port Logistics Chain 

A port effectively serves as a border crossing for international carriers. Cargo and ships 
coming to and crossing the border are assessed charges for their use of port facilities and 

services. The port logistics chain consists of a variety of nodes through which the ship and 

cargo move. The chain starts at the entrance buoy to the harbor and usually ends as the cargo 
passes through the port gate after it is nationalized and claimed by the consignee.1 The ship or 

cargo is assessed a charge as it proceeds through each node. Figure 1 depicts what happens 

inside a port as a ship arrives and its cargo is discharged and handled inside the port 

                                                             

1 Sometimes, the port logistics chain does not end at the port gate; the container in which the cargo is carried 
can be moved to a satellite storage area where it is stored until processing is complete and the consignee picks 
it up. 
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terminal. Here, we use a container ship as an example because container activity tends to 

capture all port services.  

Figure 1  
Nodes in Port Logistics Chain Where Cargo is Exchanged 

 

Focusing on the movement of the container, the following steps, which are keyed to               

Figure 1, describe the logistics procedures that occur in a port terminal. A flow of paperwork 

parallels and documents each step: 

1. At the entrance buoy, a pilot boards the vessel and guides the captain through the 

navigation channel. If no berth is available, the ship is assigned an anchorage area. The 
port usually does not charge an anchorage fee if no berth is available. As the ship 

approaches the berth, one or two tugs, depending on ship size and port regulations, will 

greet it and help maneuver it to the berth. Line handlers greet the ship at the berth and 
secure it by tying down its lines. At this point, the ship has incurred charges for 

navigation or port dues (to cover the cost of dredging the channel and providing lights 

and buoys for navigation safety), pilotage, tug assist, and line handling. In some ports, 
navigation, pilotage, and tug assist may be combined into a single charge. These charges 

all apply to the carrier.  

2. Once the ship is secured to the berth, the port applies a berthage charge (i.e., “parking” 
fee) usually calculated on the basis of time and vessel size. The berthage charge stops 

when the last line is untied from the ship as it leaves the berth. The charge is applied to 

the vessel. 

3. Inspection authorities (e.g., defense security and drug enforcement) may board the ship. 

Usually cargo is not loaded or unloaded until the authorities have completed their 

inspections. Inspection does not carry a charge. 

4. The first gang loads or unloads cargo using a crane, in modern terminals, usually gantry 

cranes or harbor cranes. Some ships, referred to as “geared” vessels, have their own 

cranes, which, however, are not as productive as gantry or harbor cranes. Productivity 

CONTAINER
YARD GATEBERTH APRONHARBOR

1 2

3
4

5 6
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rates for gantry cranes are about 25 moves per hour, for harbor cranes about 18-20 moves 

per hour. “Moves” are the movements of a container between the ship and the apron, the 
area set aside for loading and unloading. The charge for crane use, which is applied to the 

ship, can be on a per move basis or on a time (hourly) basis. When ship’s gear is used, the 

crane charge does not apply, but “wharfage” is still charged.  

5. The charge for the “move” is intended to cover the use of the apron and other areas of the 

terminal where the container is moved to or from storage. This constitutes a wharfage 

charge. Wharfage is charged to the shipper (i.e., importer or exporter). 

6. The seal is inspected and a fee may apply. If so, it is charged to the shipper. 

7. This area as a whole constitutes “dispatch,” where the container is moved to or from an 

assigned slot (a space in the yard). Container storage operations occur in the yard. 
Dispatch fees are charged to the shipper. 

8. The container is stored until it is inspected and claimed by the consignee (importer). Ports 

offer free storage for about 3-5 days. After that, storage charges apply, in many cases even 
when the container must remain in storage because Customs has not yet cleared the 

cargo. If the terminal is congested, ports raise storage charges to discourage shippers 

from using the port for cheap storage. If the terminal is not congested, ports lower fees to 
encourage longer storage so that the ports can collect a fee. Shippers usually have other 

storage options if the port’s prices are too high. Charges vary according to the direction of 

the container (import or export), whether it is full or empty, or by size. Container size is 
measured in terms of 20-foot equivalent units (TEUs). A typical container is one TEU (a  

20  footer) or 2 TEU (a 40 footer). The storage fee is charged to the shipper. 

9. The container is moved from the yard onto a truck chassis and cleared by Customs. 

10. If necessary, the container is fumigated. The charge for fumigation is applied by a 

government agency, not the port. 

11. Some ports impose a “traffic” tax on the truck so it may enter the terminal. 

12. Gate processing includes weighing the container (for which there is a scale charge), 

reviewing paperwork, and conducting a security check, for which there may also be a 

charge. These charges apply to the shipper. 

Terminals are more efficient when port operators use computerized process control systems 

to optimize container movement and storage and to provide for electronic conveyance of 

documents and data.  

Now that we’ve described the general vessel and cargo handling process, and the basis for 

associated charges, let’s examine two ports that have distinctly different tales to tell in terms 

of performance. 
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Sample Ports 

In deciding which ports to use to calculate differences in costs, we searched for two ports with 

distinctly different levels of efficiency but operations similar in scope and scale. For example, 

we did not want compare a port involved primarily in transshipment trades with a port 
involved primarily in domestic trades. The operational services for transshipment ports have 

higher productivity rates at the berth, storage areas for transshipment tend to be closer to the 

berth, and the operations between berth and storage tend to be highly integrated because this 
is what mainline vessels require. Vessel turnaround time—the time it takes to serve the vessel 

and its cargo at the berth—is important for both transshipment and domestic container 

operations, but even more so for transshipment. We therefore excluded “pure” transshipment 
ports, such as Singapore, Hong Kong, Freeport (Bahamas), and Manzanillo (Panama). 

For our efficient port, we sought a port (1) operating in a developing country with a 

liberalized economy and experiencing strong trade growth, and (2) meeting global standards 
(i.e., quick vessel turnaround time and high berth productivity.2 Why did our efficient port 

need to be in a developing country? Efficient ports in developing countries tend to operate in 

a privatized environment (with competition). As such, an efficient port so selected shows 
what an inefficient port—most of which are in developing countries—can reasonably aspire 

to. In selecting an inefficient port, we first identified ports well known in industry circles for 

being inefficient. We also sought a port in a developing country that has not yet executed a 
full regime of economic reforms, and hence is not yet facing growing trade volumes from 

trade agreements.  

Given these criteria, as well as our concern for comparable scale and scope of operations, we 
selected the Port of Cartagena, Colombia as the efficient port and Puerto Santo Tomas de 

Castilla in Guatemala as the inefficient port. To a great extent, Santo Tomas is what Cartagena 

was ten years ago, and Cartagena is what Santo Tomas can aspire to be. Before describing our 
sample ports in detail, a brief overview of trade competitiveness challenges facing Guatemala 

in the near future is warranted. 

Guatemalan Trade in Textiles and Apparel 

Guatemala has the largest population (11.7 million) and total GDP (US$20.5 billion for 2001) 

of countries negotiating the Central American Free Trade Agreement (CAFTA) with the 
United States. Guatemala’s economy experienced significant growth during the 1990s, with 

GDP more than doubling in that decade. While trade in goods increased at an annual rate of 

about 10 percent in the last decade, Hurricane Mitch and the global economic slowdown 
hindered trade growth; exports grew at an annual rate of only 1.5 percent in 1998−2001, while 

                                                             

2 Berth productivity is measured by the number of moves per ship hour at the berth. 
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imports increased at a rate of 4.5 percent for the same period. Primary trade partners include 

the United States with 36 percent of total trade, Central America (29 percent), and the rest of 
the trade scattered among more than 30 countries around the world. 

Textiles and apparel are perhaps the most dynamic sector of Guatemala’s exports. The way 

Guatemala reports statistics makes it very difficult to provide up-to-date or precise estimates 
of textile and apparel exports. Maquila textiles and apparel, for example, are not reported by 

Guatemala as export trade. Nevertheless, the World Bank estimates Guatemalan textile and 

apparel exports to be about 45 percent of total exports, and roughly 93 percent of this is 
destined for U.S. markets.3 

As of December 16, 2003, the United States and Costa Rica, Guatemala, Honduras, El 

Salvador, and Nicaragua were still negotiating the terms of CAFTA. One objective of the 
negotiations is to improve the textile and apparel export benefits these countries currently 

enjoy. Some of these benefits, as pointed out in Nathan (2003), include permanent duty free 

access and hence elimination of the need to resort to U.S. Congress approval for duty free 
access (as is required under the Caribbean Basin Trade Preferences Act, which ends in 2008) 

and changes in the rules of origin for products eligible for duty-free access to U.S. markets. 

While these benefits should help Guatemala preserve its competitiveness in textile and 
apparel exports, that competitiveness will be challenged by other countries (predominantly 

Asian) no longer be restricted by quotas; the WTO Agreement on Textiles and Clothing 

effectively terminates quotas on January 1, 2005, essentially opening a free-for-all competition 
for access to U.S. markets.  

The importance of sustaining Guatemala’s competitiveness in the face of new rivals is 

underscored by its dependence on its ports; only about 10 percent of its textile and apparel 
exports are shipped via air, also suggesting a high sensitivity to the cost of product shipping 

from Guatemala. In fact, Guatemala relies much more on maritime shipping to the United 

States for its textile and apparel industry than many other countries competing for the same 
market (Table 1).  

While Guatemala offers distance advantages relative to its emerging rivals from Asia and 

South and East Africa, these rivals will be reducing their production costs to gain greater 
access to U.S. markets. Indeed, South Africa, Mauritius, Hong Kong, and China already 

allocate at least 18 percent of garment products to air shipments, suggesting some success in 

production cost control and a strategy to overcome the distance advantages of rivals in the 
Western Hemisphere. Interestingly, the greatest allocation to air shipments come from South 

America (Table 1), particularly Colombia, Argentina, Brazil, Ecuador, and Peru. In the case of 

                                                             

3 World Bank Trade and Production Database, 1999. Note that the World Bank uses a “mirror statistics” 
method to estimate exports for countries that have unreliable data reporting systems. The method uses 
partner countries imports to “back into” deriving export estimates. For this reason, the most recent available 
data are relatively old. 



 8 

Colombia, textile producers are not near the country’s ports, so the added costs for land 

transport make air shipments a viable alternative. Producers from Ecuador and Peru have to 
overcome the disadvantage of Panama Canal transits for most of their shipments, which are 

destined for U.S. Gulf and East coast markets. The tolls for Canal transits today are equivalent 

to about $100 per container. Brazil and Argentina use air shipments to overcome the market 
proximity advantages of Central American and Caribbean rivals. Other CAFTA and non-

CAFTA countries in the Caribbean, such as the Dominican Republic, share similar distance-to-

market advantages. 

Table 1 
Use of Shipping Modes to the United States for Textile and Apparel Industry 

Average Charge (% f.o.b.) 

Country Ocean Air 
% Shipped by 

Air 

C E N T R A L  A N D  S O U T H  A M E R I C A  

El Salvador 2.0 5.9 6.5 

Nicaragua 2.8 4.8 11.1 

Honduras 1.9 8.0 2.7 

Guatemala 2.5 8.1 10.0 

Costa Rica 2.4 4.7 7.6 

Mexico 2.2 5.6 2.0 

Argentina 6.9 11.8 33.4 

Brazil 7.0 10.0 39.3 

Colombia 1.6 4.3 56.3 

Ecuador 5.0 15.3 36.3 

Peru 2.6 7.2 41.5 

A S I A  

Bangladesh 5.3 22.9 11.3 

China 3.6 11.1 24.3 

Hong Kong 2.8 12.4 24.0 

Indonesia 4.2 17.0 17.0 

A F R I C A  

Kenya 4.5 20.3 19.3 

Lesotho 4.3 18.5 16.5 

Mauritius 4.1 14.4 27.6 

South Africa 5.1 17.1 18.3 

SOURCE: Nathan Associates Inc., Economic and Employment Impacts on the 
Dominican Republic of Change in Global Trade Rules for Textiles and Apparel, 
USAID Bureau of Economic Growth, Agriculture, and Trade, Washington, D.C., June 
2003 (citing U.S. Bureau of Census, Imports of Merchandise Trade, 2002). 
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Manufacturers need shipping reliability and quick access to markets because of the unique 

retail-related dynamics of garments. As Nathan (2003) points out, the price of a particular 
garment one week after Christmas can be 50 percent cheaper than the garment one week 

before Christmas. When a vessel calls a port in Guatemala, the port will need to not only 

avoid delays in serving the vessel, but also minimize vessel berth time and cargo dwell times. 

Port of Cartagena, Colombia 

In November 2003, the Port of Cartagena, located on Colombia’s Atlantic coast, celebrated the 
tenth anniversary of its privatization (Figure 2). In the late 1980s, Colombia recognized the 

value of economic liberalization and began its “Apertura” movement. One of the country’s 

first priorities was to drastically reduce tariffs: nominal average tariffs dropped almost 40 
percent to about 10 percent and the sectoral dispersion of “protection” rates also dropped 

from an average effective rate of about 70 percent to just 22 percent. Colombia’s bold trade 

liberalization became a model for much of the rest of Latin America and, despite some 
internal industry opposition, the momentum of the Apertura movement could not be 

reversed. 

Figure 2 
Port of Cartagena: A Modern Port Operating at Global Standards 

SOURCE: Sociedad Portuaria Regional de Cartagena. 

Colombia realized that trade reform itself would be at risk unless structural constraints on 
trade were also addressed. Infrastructure assets, particularly ports--notorious for low 

productivity, poor efficiency, inadequate security, and extremely high costs--were targeted for 

reform. Carriers viewed the situation as untenable, and in 1990 imposed a penalty surcharge 
of $2.50 per ton in Colombian ports, in effect erecting a tariff barrier to free trade. Colombia’s 

ports were thus obstacles to the achievements envisioned for the Apertura movement. It was 

not by coincidence, therefore, that Colombia’s very first law of 1991 addressed the liquidation 
of the government’s port agency and created a public−private partnership for port operations 
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that is today a model for port reform around the world. Private entities were awarded 

concessions to operate Colombia’s ports in 1994 and, as indicated by their recent celebration 
of privatization, what a difference ten years make. 

Since the private operator, Sociedad Portuaria Regional de Cartagena (SPRC), assumed 

control of terminal formerly run by the government agency COLPUERTOS in 1994, cargo 
growth has grown from about 93,000 to nearly 400,000 TEUs per year. More important, more 

than $150 million in investments have been made, costs per move have decreased 

dramatically, productivity has increased to more than 50 moves per ship-hour, and berth 
utilization rates have decreased to the point that vessels no longer have to wait for a berth 

(Table 2).  

Table 2 
Port of Cartagena Performance Improvements since Private Concessioning in 1994 

Performance Measure COLPUERTOS (1993) SPRC (2003) 

Containership waiting time 10 days 0 

Containership turnaround time 72 hours 7 hours 

Gross productivity/hour 7 moves/ship hour 52 moves/ship hour 

Berth occupancy 90 percent 50 percent 

Cost per move $984 $224 

Bulk cargo productivity 500 tons/vessel/day 3,900−4,500 tons/vessel/day 

Hours worked per day 16 24 

Cargo dwell time 30+ days 2 days 

Port costs $984/per move $222/per move 

SOURCE: Kent, Paul E. and Hochstein, Anatoly, “Port reform and privatization in conditions of limited competition: the 
experience in Colombia, Costa Rica, and Nicaragua”, Maritime Policy and Management, 1998, vol. 25, no. 4, p. 313 and 
Sociedad Portuaria Regional de Cartagena. 

 

Santo Tomas de Castilla, Guatemala 

In contrast to Cartagena’s rags to riches tale is that of Santo Tomas de Castilla (Figure 3). 
Santo Tomas is Guatemala’s Atlantic gateway port for containerized cargoes and the 

country’s leading port in container volume. Located about 300 km from Guatemala City, the 

port handled just over 330,000 TEUs in 2002. The port competes with a nearby private 
terminal, Puerto Barrios. Because of inefficiencies and costs in Santo Tomas, cargo has been 

diverted to Puerto Barrios, which has a concession to provide third-party cargo handling 

services, and to Puerto Cortes in Honduras. Santo Tomas is the most critical port for textile 
exports because of its location relative to U.S. Gulf and East Coast markets. Guatemala’s 

Puerto Quetzal on the Pacific coast is the primary gateway port for imported textiles for the 

Maquila garment plants. 
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Figure 3 
Port of Santo Tomas de Castilla: A Port Challenged by Inefficiencies 

 

 

 

 

 

 

 

 

 

 

 

SOURCE: Empresa Portuaria Navional  de Santo Tomas de Castilla. 

 

Guatemala’s port system has not made much progress in privatization, in part because the 
law is not clear in defining what constitutes a concession. For example, the public port sector 

in Guatemala believes that a concession doesn’t necessarily require substantial investment by 

the concessionaire. Hence, what in many countries would constitute a lease is considered a 
concession in Guatemala. As a result, little private sector investment has been leveraged; 

instead the ports usually provide the facilities that private companies operate. Some 

companies have been awarded a “concession” for handling proprietary cargoes, while others 
have been awarded concessions to provide berth cranes and crane handling services, which in 

Santo Tomas the port authority compels all container ships to use. The operator at Puerto 

Barrios, the competing private terminal, was awarded a concession for a facility it already 
owns; as mentioned earlier, the concession allows the operator to handle cargoes it doesn’t 

own. Beginning in January 2004, the World Bank will be administering a Public−Private 

Investment Advisory Facility project that will outline port privatization strategies and 
establish the framework for a concession law. This should help clarify the privatization 

strategies that may be employed. 

A recent visit to Santo Tomas revealed no congestion at the berth or in the terminal area. 
Vessels are not forced to wait for a berth, and the yard capacity is sufficient to avoid 

bottlenecks between the berth apron and storage. To determine why Santo Tomas has a 

reputation for being “inefficient” we examined the operational procedures followed between 
the berth and the gate. 
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As noted in Figure 1, ships and cargo acquire services through 12 nodes in a port operation. 

Our on-site observations, interviews with ships’ agents, and port operations reports, revealed 
no problems (e.g., ship waiting) between the entrance buoy and the berth. We also observed 

operational procedures encompassing equipment and documentation in the terminal area and 

discussed our observations with port users (shippers and ships’ agents), port management, 
and Customs agents. Individuals interviewed are listed in the appendix. 

Referring to Figure 1, let’s follow a container processed in Santo Tomas:  

• After the vessel is tied to the berth (step 2), a member of the Drug Enforcement 
Administration and a member of the health department board the ship; inspection can take 

from 30 minutes to 2 hours (step 3).  

• The port sends one or two gangs to discharge the containers (step 4). The gang consists of 
14 stevedores, 1 timer, 1 waterboy, and 1 crane operator—or 17 people per gang, which is 

about 10 more than what is normally required for container handling. The ship is obliged to 

use the port cranes, even when the ship has its own, unless the port cranes are being used in 
another operation.  

• The charge for loading or discharging with the port crane is $56 per move and with the ship 

crane $25 per move (step 5). When the port’s two cranes are used, productivity is about 40 
moves per  ship-hour;  when only the ship’s cranes are used productivity drops to about 16 

moves per  ship-hour, or about 8 moves per crane. The productivity rate of 40 moves is 

reasonable, though slower than the rate of gantry cranes. Cartagena has a berth 
productivity rate of 52 moves per ship-hour when two gantry cranes are used. Because of 

the slower rate in Santo Tomas, ships spend more time at berth and incur higher berth 

charges than would be the case if the port had gantry cranes. 

• After each container is discharged, the container seal is inspected (step 6), which takes one 

minute at a cost of about $10 per container.  

• The container is placed on a trailer and dispatched to the storage yard. A private operator, 
who charges $27 per container, provides the dispatch service (step 7).  

• The port allows 5 days of free storage (step 8). After the fifth day the port charges $2.24 per 

day for an empty container and $20−$50 per day for a full container. The exact charge 
depends on container size (e.g., 20 footer or 40 footer).  

• Customs officials, who do not work 24 hours per day, clear the container (step 9). The 

minimum dwell period for a container  awaiting inspection is 12 hours. Inspection involves 
“semáforo fiscal”—a light indicator system that decides randomly whether the cargo is to 

be inspected (red light) or not (green light). According to the operations manual, the system 

was designed to allow for a 15 percent inspection rate, but the actual rate is 90−100 percent. 
As a result, containers spend another 7 days beyond the free 5-day free storage period and 

the shipper incurs extraordinary storage charges for the delay. Customs usually finds that 

about 50 percent of the containers have discrepancies. Until the shipper pays a bond for the 
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amount of the discrepancy the container is delayed in storage, for which fees continue to be 

charged. When the shipper pays the bond the cargo is released. The administrative process 
for resolving discrepancies takes 6-12 months, generating more costs for the shipper until 

bond payment is released.  

• Some cargoes require fumigation (step 10), for which the shipper is charged $4.25 per TEU. 
When Customs and other inspection agencies release the container, it is placed in a trailer. 

After the shipper pays a $10 per TEU port traffic tax (step 11), the container exits the port 

(step 12).  

Modeling Costs 

As noted earlier, we can compare the costs of the efficient port (Cartagena) with the costs of 
the inefficient one (Santo Tomas). We do this by developing a port cost spreadsheet model 

and running a “model” vessel through the port’s tariff and the charges applied by non-port 

entities (e.g., tug services, line handling). A model vessel is necessary because larger ships, 
enjoying economies of scale, have a lower cost per move (when all of the vessel and cargo 

charges are applied) than a smaller ship. For our model vessel we chose a carrier service 

common to both ports: New Caribbean Service (NCS). NCS ships typically have a capacity of 
2,000 TEUs. 

Spreadsheet models incorporating the charges applied to the vessel or cargo were developed 

for each port (Tables 3 and 4). Because actual charges may deviate from the tariff and 
“advertised” charges of non-port service providers, we verified the charges through 

interviews and a review of ship and shipper invoices. Recall that charges are either applied to 

the ship or to the cargo. The shipper gets the bills for the cargo, and the carrier company gets 
the bill for services rendered to the ship. 

To ensure equitable comparisons of costs of services provided in each vessel call, we assume 

the same cargo volume (352 containers or 520 TEUs) and the same mix of containers (e.g., 
imports, exports, empty containers, full containers, 20 footers, and 40 footers). Because tariff 

structures differ in different ports, the spreadsheets look different. For example, pilotage fees 

for Cartagena are treated as a separate charge (“Private Pilotage” in Table 3), while for Santo 
Tomas pilotage fees are incorporated in “Vessel Wharfage” (Table 4). In addition, 

productivity rates at the berth are governed by the technology deployed. Hence, gross 

productivity rates for Cartagena and Santo Tomas are 52 and 40 moves per hour, respectively. 
Storage fees for Cartagena are not displayed because containers rarely stay beyond the free 

storage period. (In Cartagena, containers are released in 2 days, in Santo Tomas 12 days.) 

 

 



 14 

 

Table 3 

Port of Cartagena Port Cost Calculation (in $U.S.) 

Port Cartagena (SPRC - Sociedad Portuaria Regional de Cartagena)
Service NCS

LOA M 204                                          Full 20' 70 Full 20' 65 Full 20' 7
GRT TM 28,000                                     Full 40' 65 Full 40' 60 Full 40' 6
NRT TM 13,181                                     Empty 20' 25 Empty 20' 15 Empty 20' 2
Cargo per Box TM 14                                            Empty 40' 20 Empty 40' 15 Empty 40' 2

Total Containers 352 Total TEU 520
Time B/A Berth Work 0.5 Full Cont. Imp/Exp 260 Full TEUs Imp/Exp 385
Gross Vessel Prod (Moves/hr) 52 Ratio Imp-Exp/Total 74% Ratio TEU/Cont. 1.5

Total
Item Tariff Code Concept Unit Unit Cost Qty Cost Cont. TEU

Charges related to the VESSEL
1 10100 Dockage M-LOA*hr 0.57           1,483         845            2.40           1.63           
2 22100 Pilotage - Wharfage Maneuver 10.00         2                20              0.06           0.04           
3 23100 Tuggage - Wharfage Maneuver 30.00         2                60              0.17           0.12           
4 -- Private Pilotage Maneuver 600.00       2                1,200         3.41           2.31           
5 -- Private Tuggage Maneuver 600.00       2                1,200         3.41           2.31           
6 -- Nav. Aid & Insp NRT 0.15           13,181       1,977         5.62           3.80           
7 -- Private Line Handling Maneuver 100.00       2                200            0.57           0.38           
8 -             -             -             
9 -             -             

10 -             -             
Total 5,502         15.63         10.58         

Charges Related to the CARGO (Containers)
11 -- Gantry Crane Hr 650.00       14              8,800         25.00         16.92         
12 20210 Imp/Exp Wharfage (Shipper) Full 20-ft 75.00         135            10,125       28.76         19.47         
13 20211 Imp/Exp Wharfage (Shipper) Full 40-ft 105.00       125            13,125       37.29         25.24         
14 20240 Imp/Exp Wharfage (Carrier) Empty box -             75              -             -             -             
15 20250 Transship Wharfage (Carrier) Full box 28.50         13              371            1.05           0.71           
16 20250 Transship Wharfage (Carrier) Empty box 16.00         4                64              0.18           0.12           
17 21210 Imp/Exp Berth Wharfage (Op.) Full box 18.00         260            4,680         13.30         9.00           
18 21230 Imp/Exp Berth Wharfage (Op.) Empty box 6.00           75              450            1.28           0.87           
19 21250 Transship Wharfage (Op.) Box 5.00           17              85              0.24           0.16           
20 24200 Imp/Exp Land Wharfage (Op.) Box 2.00           335            670            1.90           1.29           
21 -- Private Stevedore Box 56.00         352            19,712       56.00         37.91         
22 -- Yard Handling Box 56.00         260            14,560       41.36         28.00         
23 -             -             
24 -             -             
25 -             -             

Total 72,642       206.37       139.70       

T O T A L 78,144     222            150           
Total
Cost Cont. TEU

Average Cost per

Average Cost per

Cargo Composition
Vessel Characteristics / Cargo Assumptions Imports Exports Transshipment

Port Productivity
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Table  4 
Port of Santo Tomas de Castilla Port Cost Calculation (in $US) 

 

Port Santo Tomas de Castilla
Service NCS

LOA M 204                                                Full 20' 70 Full 20' 65 Full 20' 7
GRT TM 28,000                                           Full 40' 65 Full 40' 60 Full 40' 6
NRT TM 13,181                                           Empty 20' 25 Empty 20' 15 Empty 20' 2
Cargo per Box TM 20                                                  Empty 40' 20 Empty 40' 15 Empty 40' 2

Total Containers 352 Total TEU 520
Time B/A Berth Work 2 Full Cont. Imp/Exp 260 Full TEUs Imp/Exp 385
Gross Vessel Prod (Moves/hr) 40 Ratio Imp-Exp/Total 74% Ratio TEU/Cont. 1.5

Total
Item Tariff Code Concept Unit Unit Cost Qty Cost Cont. TEU

Charges related to the VESSEL
1 1-001 Vssl Wharf (more than 15000GRT) VSSL 2,250.00    1                2,250         6.39           4.33           
2 1-005 Dockage M-LOA*hr 0.50           2,203         1,102         3.13           2.12           
3 -             -             -             
4 1-007 Tug - Entry+Exit Maneuver 3,900.00    1                3,900         11.08         7.50           
5 -             -             

Total 7,252         20.60         13.95         

Charges Related to the CARGO (Containers)
6 Loading/Unloading Dock Crane Box 56.00       352            19,712       56.00         37.91         
7 Transfer Full Boxes Box 18.45       273            5,037         14.31         9.69           
8 Transfer Empty Boxes Box 18.45         79              1,458         4.14           2.80           
9 Truck Loading - Imports Box 12.75         135            1,721         4.89           3.31           

10 Truck Unloading - Exports Box 12.75         125            1,594         4.53           3.06           
11 Wharfage Import Cargo MT 3.40         2,700         9,167         26.04         17.63         
12 Wharfage Export Cargo MT 2.72           2,500         6,790         19.29         13.06         
13 Wharfage Empty Import Box Box 2.72           45              122            0.35           0.24           
14 Wharfage Empty Export Box Box 1.36           30              41              0.12           0.08           
15
16 Storage - Imports Box 245.00     135            33,075       93.96         63.61         
17 Customs seal (Imp+Exp) Box 9.86         260            2,564         7.28           4.93           
18 Fumigation (Imp+Exp) Box 4.25         260            1,105         3.14           2.13           
19 Traffic Tax (Imp+Exp) Box 10.00       260            2,600         7.39           5.00           
20 Scale (Imp+Exp) Box 4.62         260            1,201         3.41           2.31           
21 -             -             
22 COCATRAM fee MT 0.05         5,460         273            0.78           0.53           
23 National Port Comission MT 0.81         5,460         4,423         12.56         8.51           
24 Port Security Program MT 0.09         5,460         491            1.40           0.95           
25 -             -             

Total 91,373       259.58       175.72       

T O T A L 98,625     280            190           
Total
Cost Cont. TEU

Average Cost per

Average Cost per

Cargo Composition
Vessel Characteristics / Cargo Assumptions Imports Exports Transshipment

Port Productivity
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GETTING RESULTS 

Figure 4 summarizes the results of the port cost spreadsheet models. The cost differences are 

dramatic. The total cost of a call to Santo Tomas is nearly 30 percent higher than a call to 
Cartagena, with charges to the ship nearly $2,000 more in Santo Tomas than in Cartagena. For 

the cargo, total charges in Santo Tomas are nearly $20,000 more than in Cartagena, equivalent 

to $53 more per container than in Cartagena. The main factor affecting the cost per container 
is the extraordinary storage time imposed on shippers using Santo Tomas, equivalent to about 

$94 more per container. Eliminating this cost, which would occur if the port released the 

container during the free storage period, would drop the average container charge to $186 per 
container, thereby offering a $36 advantage over the $222 average container charge in 

Cartagena. 

Crane costs are also expensive in Santo Tomas. Crane services for the same volume of cargo 
are more than twice as expensive in Santo Tomas than in Cartagena—even though gantry 

cranes used in Cartagena cost much more than mobile cranes to purchase, operate, and 

maintain. Crane costs add $31 to the cost of handling an average container in Santo Tomas.4 If 
reduced cargo dwell time would reduce cost per container to $186, crane charges reduced to a 

level equivalent to Cartagena’s would reduce total cost per container to $155. 

Additionally, the port loses revenue when the concessionaire’s cranes are used. If the ship uses 
its own cranes, the port charges $25 per move. If the concessionaire’s cranes are used, the 

charge is $56 per move of which the port’s share is only $17. And, because of the higher 

productivity rates of the berth cranes, the port also loses revenue from reduced berth time. 

Running a model ship through the tariff allows us to capture all of the charges associated with 

calling the port, including all of the elements of inefficiency, such as cargo dwell time and 

berth waiting time.5 Adjusting the Santo Tomas model to reflect the efficiency levels of 
Cartagena reveals the potential for substantial cost reductions (Figure 5): from $280 per 

container without adjustments to $186 per container with adjustments.6 

 

  

                                                             

4 In some ports, ships are required to use the higher productivity cranes to mitigate berth congestion; in this 
instance, however, berth congestion is not a problem. Moreover, in some cases ships smaller than the one 
used in our spreadsheet models have their own cranes and prefer to use them to avoid the cost of berth 
cranes. Because small ships cannot enjoy the scale economy savings of bigger ships, their cost on a per 
container or TEU basis is higher. 

5 Berth waiting time refers to the time the vessel waits for the services it needs. It is calculated as the difference 
in the time between the last line tied in at the berth and the time the first gang starts working plus the 
difference between the time the gang completes its work and the last line is untied. Our spreadsheets identify 
this as “Time B/A Berth Work.” In Cartagena, berth waiting time is 0.5 hours; in Santo Tomas 2.0 hours. 

6 Note that we make no adjustment to crane productivity. While faster productivity is good for competition, the 
port should not be “penalized” for the technology it deploys. Ports can operate efficiently without having the 
fastest cranes. We focus here on what the efficiencies should be given the operational circumstances of the 
port. 
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Figure 4 
Port of Santo Tomas’ Comparative Disadvantage 
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Figure 5 
Impact of Reducing Vessel Waiting Time and Eliminating Cargo Dwell Time in Port of Santo 
Tomas 

MORE COSTS 

Though we have calculated the cost impact of inefficiencies within Santo Tomas, our models 

do not reflect costs associated with the “adverse experience” of using Santo Tomas. For 
example, the extended time the ship is at berth waiting for the gang to appear implies vessel 

operational costs as well as container inventory costs. When distributed over the container 

volume loaded and discharged in the port, these costs can be substantial if the ship must also 
wait for a berth. The cost will be less than substantial in Santo Tomas because the vessel 

waiting time at the berth is two hours, or 1.5 hours more than in Cartagena. 

The U.S. Army Corps of Engineers (2003) publishes data on deep draft vessel capital and 
operating costs for a variety of vessel types and sizes. Costs include debt service, crew, 

supplies, maintenance and repair, insurance, overhead, and fuel. Because of fuel 

consumption, costs are higher when a ship is sailing. Thus, the Corps of Engineers 
distinguishes total costs as “sea” (sailing) and “port” (idle). For our model NCS vessel, the 

total hourly cost in port is $647. At the berth in Santo Tomas, the ship incurs a cost of $971 

because of the vessel waiting time differential of 1.5 hours ($647 * 1.5). Applied to the total 
loaded/discharge volume of 352 containers and 520 TEUs, this amounts to $2.76 and $1.87 per 

container and TEU, respectively. This may seem nominal, but is in fact an extraordinary cost 

for a ship to incur—a 13 percent increase.  

In addition to the extraordinary cost associated with vessel waiting is the added container 

inventory cost. The standard industry estimate is about $2.80 per container or $1.87 per TEU 

per day. The total inventory cost is applied to the extraordinary time the vessel spends at the 
berth (1.5 hours) plus the additional cargo dwell time (7 days) relative to operational 

performance in Cartagena. The inventory cost at the berth applies to all containers loaded and 

discharged (352 containers or 520 TEUs); the inventory cost associated with dwell time 

LOA M 204                                                Full 20' 70 Full 20' 65 Full 20' 7
GRT TM 28,000                                           Full 40' 65 Full 40' 60 Full 40' 6
NRT TM 13,181                                           Empty 20' 25 Empty 20' 15 Empty 20' 2
Cargo per Box TM 20                                                  Empty 40' 20 Empty 40' 15 Empty 40' 2

Total Containers 352 Total TEU 520
Time B/A Berth Work 0.5 Full Cont. Imp/Exp 260 Full TEUs Imp/Exp 385
Gross Vessel Prod (Moves/hr) 40 Ratio Imp-Exp/Total 74% Ratio TEU/Cont. 1.5

Total
Item Tariff Code Concept Unit Unit Cost Qty Cost Cont. TEU

Charges related to the VESSEL
2 1-005 Dockage M-LOA*hr 0.50           1,897         949            2.69         1.82           

Total 7,099         20.17         13.65         

Charges Related to the CARGO (Containers)
16 Storage - Imports Box 245.00     0 0 0 0

Total 58,298       165.62       112.11       

T O T A L 65,397     186          126            
Total
Cost Cont. TEU

Average Cost per

Average Cost per

Cargo Composition
Vessel Characteristics / Cargo Assumptions Imports Exports Transshipment

Port Productivity
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applies only to imported containers (135 containers or 202 TEUs), but we spread this cost to 

all containers proportionally in order to calculate the total container cost for all containers 
handled in Santo Tomas.  

Table 5  shows the total cost per container and per TEU of calling Santo Tomas and Cartagena. 

As noted, our cost models capture inefficiencies in the port logistics chain. To these costs, we 
add the vessel waiting and container inventory costs to generate a total cost of calling Santo 

Tomas and Cartagena. We can derive the cost of inefficiencies by subtracting the Santo Tomas 

total cost from Cartagena’s (Table 5). In effect, the cost of inefficiency is a tax on doing 
business in the port of Santo Tomas. 

Table  5 
Calculating Total Costs and the Cost of Inefficiencies in Santo Tomas ($US) 

Santo Tomas Cartagena  

Container TEU Container TEU 

Cost from Port Cost 
Model 

280 190 222 150 

Added Vessel Cost from 
Berth Waiting 

2.76 1.87 -- -- 

Container Inventory Cost 
• From Vessel Waiting 

• From Dwell Time in the 
Yard 

 
0.18 

0.31 ($0.12) 

 
0.12 

0.21 ($0.08) 

 
-- 
-- 

 
-- 
-- 

Total Cost $283.06 $192.07 $222.00 $150.00 

Cost of Inefficiency 61.06 42.07   

Note: () indicates “normalized” over the total container volume. 

 

Conclusions 

Carriers rationalize their calls based on the cost of doing business at a particular port. If costs 

or inefficiencies are not acceptable, carriers that have choices will use another port to serve the 

same trade. When we add the $971 berth waiting time cost to the total cost assessed the ship 
in our Santo Tomas cost model, we have a total ship cost of $8,223. In comparing this with the 

$5,502 ship cost in Cartagena, we can see that a ship calling Santo Tomas incurs a “penalty” of 

$2,721. We conclude, therefore, that Central America’s high freight rates cannot be 
attributable solely to low cargo volumes. 

This is a very important point. Most ports in Central America (with the exception of Panama) 

have not undergone reform or privatization. Competition-induced efficiencies are lacking, 
and many ports operate under restrictive labor practices whose tradition in gang size ignores 
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the technology revolution of containerization. Labor allocation practices in Santo Tomas, 

which exemplify this lack of operational modernization, are exacerbated by onerous Customs 
procedures imposed on shippers.  

Carriers calling Central America’s ports will continue to be penalized for doing so and, 

because costs are passed on to carrier customers, Central American exporters, consumers, and 
eventually the economies carry the weight of these penalties.  

The costs of inefficiencies presented here are conservative. To compensate for delays in 

Central America’s ports, vessels sail at higher speeds or carriers add a ship to their itineraries. 
If vessel waiting time were reduced by a mere 15 minutes in each port on an itinerary,  fuel 

costs could be reduced by several million dollars each year for a fleet deployed in a service 

pattern. Savings would be even greater if a carrier could remove a vessel from deployment on 
the service pattern. 

Port inefficiencies cause not only higher carrier costs, but also higher shipper costs than are 

suggested by container costs. For example, delays in Customs processing increases the risk of 
pilferage and hence raises insurance costs. Shippers also incur inventory costs on goods thus 

delayed. Hummel (2001) estimates that each day of delay is the equivalent of a 0.8 percent tax 

on the value of the merchandise. If a container’s merchandise is valued at $20,000, the cost is 
$160 per container. For the import containers handled in Santo Tomas in our model, we 

calculate that Guatemala’s importers incur about $151,000 ($160 x 135 import containers x 7 

days) in additional inventory costs.  

If the Central American countries that just signed the CAFTA are to benefit from that 

agreement, they must devise a course of port and Customs reform and an approach to 

privatization that induces competition. The resulting efficiency gains will have a huge impact 
on trade flows and welfare, the measurements of which are perhaps the subject of more 

research. 
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Appendix. Individuals 
Interviewed 
Guatemala 

Capitán Luis Moncada , American Marine Surveyors 

Licenciado Luis Rolando Coronado Conde, Presidente, Asociación de Navieros de Guatemala 

Raúl Antonio Palma, Presidente, Asociación de Agentes de Aduana, Guatemala Asesoría Técnica 

Aduanera ATA 

Andrés Kuklinski, Gerente de Operaciones, Maersk Sealand 

J. Estuardo Villatoro M., Gerente General, Marítimas Unidas S.A MARUNI 

Danilo E. Morales, Interventor, Empresa Portuaria Nacional de Santo Tomás de Castilla,  Izabal 

Ingeniero Rolando Sett, Administrador General, Empresa Portuaria Nacional de Santo Tomás de 

Castilla,  Izabal 

Mario López Sandoval, Director de Operaciones Portuarias, Empresa Portuaria Nacional de Santo 
Tomás de Castilla,  Izabal 

Ramiro Ortíz, Jefe de la Unidad de Desarrollo, Empresa Portuaria Nacional de Santo Tomás de 

Castilla,  Izabal 

Darwin Osorio Jiménez, Jefe Departamento Comercial, Empresa Portuaria Nacional de Santo Tomás 

de Castilla,  Izabal 

Mayor Juán Orosco, Coordinador de Seguridad Portuária, Empresa Portuaria Nacional de Santo 
Tomás de Castilla,  Izabal 
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Colombia 

Capitán Alfonso Salas, Gerente General, Sociedad Portuária Regional de Cartagena 

Lic. Giovanni Benedetti, Gerente Comercial, Sociedad Portuária Regional de Cartagena 

Ing. Juan Pablo Cepeda, Gerente de Operaciones, Sociedad Portuária Regional de Cartagena 

Washington, D.C. 

Ana María Gonzalez, Consejero Económico, Embajada de Guatemala 

 




