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Abstract 

 

Ship Operation is a business activity that involves huge amount of costs. Several 

studies have been conducted to improve the efficiency of shipping cost. 

However, most of the researches are still reviewing the components of the sea 

transportation system partially, so that the resulting solutions are merely focus 

on local optimum. Theory of Constraint (TOC) is a multi-faceted methodology 

that sees the system as a series of processes or events that are interconnected. 

Although it has been widely used in manufacturing, the application of TOC in 

the services sector, in particular the sea transportation system is still limited. 

This research aims to implement the concept of TOC to identify constraints that 

exist in the sea transportation system and determine the impact of any such 

constraint on the efficiency of the system. The study was conducted at PT. X as 

one of the providers of sea transport services. To identify constraints, this 

research has built a model of ship's arrival, a model of ship turnaround time, and 

Cost-Utilization Diagram. In addition, this study used a simulation method 

combined with statistical tests based on linear regression. The results showed 

that TOC can be applied to identify the constraint in the sea transportation 

system. The main constraint which limits the efficiency of marine transportation 

system in PT. X is jetty capacity. The jetty limitation constraint impacts on the 

high cost of congestion, so PT. X must pay greater operational for organizing 

sea freight services. To overcome the constraints, Investments Efficiency Ratio 

which is the ratio between the reduction in cost compared to the cost of 

investment to increase capacity constraint has been built. The results showed 

that each unit of rupiah spent to increase the capacity of the jetty will result in a 

decrease in operating expenses of 2.3 units. 

Keywords: shipping cost, theory of constraint, cost efficiency, sea 

transportation system 
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1. INTRODUCTION 

Because ship operation involves huge amount of costs, some researchers began to be 

interested to find new ways to increase the efficiency of sea transportation system. 

However, despite there have been many number of researches conducted to improve 

the efficiency of sea transportation system, most of them are still reviewing the 

components of the sea transportation system partially. If the improvement efforts are 

conducted partially to the system’s components, the solution generated from such 

activities tends to be local optimum (Goldratt, 2010). One example of optimization 

effort that is conducted partially is increasing vessel capacity without considering other 

system’s components. Ships that have larger capacity in general are going to have 

higher transport efficiency. Nevertheless, in practice the carrying capacity of the ship 

may not be utilized to the maximum extent bacause there will be other factors that 

hamper the ships to be loaded according to their capacities such as shipping lanes 

restrictions, port draft, or port capacity. Those other factors will limit the capacity 

utilization rate of the ship and will ultimately limit the performance of the system. In 

this regard, increasing vessel capacity without considering all components of the sea 

transportation system as a whole will potentially be not optimal. 

 

To generate global optimum solution, research that considers all factors that make up 

the sea transportation system as a whole is needed. Efforts to improve the performance 

of sea transportation system should be focused on the factors that become the main 

constraint of the system, so that the solution will improve system performance globally. 

 

Theory of Constraint (TOC) is a multifaceted system methodology to help 

organizations analyze problems and develop solutions to solve the problems (Mabin 

and Balderston, 2003). From simple scheduling program, TOC has been evolving into 

management tools that is widely used on production systems, logistics, problem 

solving, and thinking process (Watson, 2007). TOC is based on the principle that the 

performance of a system is limited by a constraint. Based on the TOC principles, 

improving the performance of the constraint will have a direct impact on the 

performance of the overall system. 

 

TOC is very popular and has been widely used to improve the performance of the 

system in the manufacturing industry. The results of study carried out by Mabin and 

Bolderstone (2003) showed that TOC has been implemented to lower the Work In 

Progress, decrease cycle time, improve service levels, and increase throughput in the 

manufacturing industry (Mabin and Balderstone, 2000). 

 

As its implementation in the manufacturing industry, TOC also has the potential to be 

applied in the services sector. In this case, the value proposition of TOC is inline with 

the needs in sea transportation system. Constraint identification which is one stage in 

the TOC activity framework involves an attempt to identify the profile and the 

relationship of the individual components of the system and its influence on the 

performance of the overall system. Based on this, TOC provides a framework for 

generating global optimum improvement solutions. TOC principle that examines the 
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components of the systems comprehensively is expected to be implemented in the sea 

transportation system in order to produce global optimum solution. 

 

Although the value proposition of TOC is inline with the challenges in the field of sea 

transportation system, applicability of TOC in this field is not yet known. It is caused 

by the limited research that is focused on applying the concept of TOC in the field. 

Constraint identification method for manufacturing industry and sea transportation 

system could be very different. 

 

1.1. Research Questions 

The purpose of this research is to build an integrated model to apply the concept of 

TOC in the sea transportation system. The main focus of this research is to identify 

factors that become constraints on the system. Generally, five research questions are 

formulated as follows: 

1. How to develop a TOC model in the frame of marine transportation? 

2. How to convert the unit of capacity in one constraint whose unit is not the same 

as the unit in other constraints? 

3. What are the factors that significantly influence the efficiency of sea 

transportation system? 

4. What are the main constraints of marine transport systems? 

5. How big is the impact of the constraint on efficiency of the marine 

transportation system? 

 

 

2. LITERATURE REVIEW 

Theory of constraints or TOC is the philosophy of management system developed by 

Eliyahu M Goldratt since the early 1980s. TOC is motivated by the understanding that 

in a system there must be some constraints that if solved then the performance of the 

system will increase. TOC hold on to the idea that the resources that can be used to 

address any problems on a system is limited. Based on the Pareto principle, the 80/20 

rule, efforts to use the limited resources can be done by focusing on the factors or 

elements that have the greatest influence on the performance of the system. Goldratt 

underlined that "focusing on everything is Synonymous with not focusing on anything" 

(Goldratt, 2010). Furthermore, Goldratt stated that approximately only 0.1% of 

system’s elements that determines 99.99 percent overall system performances. In the 

TOC, the key elements that affect the performance of the system is called as constraints. 

 

Each system must have at least had one constraint that limits the performance of the 

system (Rahman, 1998). Because constraint is the core of TOC principles, some 

researchers have tried to define it. Constraint is something that limits the system to 

produce a better performance (Widjaja, 2004). Constraint is also everything that 

hampers system performance (Umble and Srikant, 1996). More generally, constraint is 

defined as anything that inhibits an entity to be able to achieve its goal Goldratt (1984).  

 

TOC looked at the system as a series of processes or events that are interconnected 
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(Breen et al, 2002). Performance of constraint in this regard will determine the 

throughput of the system. Breen et al provided a typical example of the implementation 

of TOC in the patient care system in health clinics as found in Figure 1: 

 

 
 

Figure 1: Patient Care System in Health Clinics 

 

 

Based on the example, it can be seen that he performance of a system depends on the 

performance of the element or factor that becomes the constraint of the system. The 

health care system can only serve eight patients within 1 hour. This happens because in 

a period of 1 hour, the physician can only provide services to only 8 patients. Although 

the registrar, nurses, drug paraphernalia, as well as guard the cashier can serve more 

patients in the same time period, the number of patients that can be served will be only 

8 because the performance of the system is limited by the capacity of the physician. In 

this case, the physician is a constraint on the health care system. 

 

In this example, an effort to improve the efficiency of processes that do not become a 

constraint will not directly improve the performance of the system. For example, if the 

nurses can improve their performance, so they can serve 20 patients from the previous 

17 patients, then in the same period the number of patients that can be served by such 

systems is still 8 patients because the performance of the physician has not changed. 

 

Based on some of these things, then that needs to be considered in upgrading the 

performance of non-constraint element is to analyze the elements of the system as a 

whole. The elements of non-constraint cannot be optimized locally or isolated because 

of local conditions optimum for non-constraint element is not the same as the global 

optima conditions (Goldratt, 2010). According to Dettmer, "the sum of local optima is 

not the optimum system" (Dettmer, 1995). Under the philosophy of TOC, the 

performance of the overall system is much more important than the performance of 

each of the constituent elements of the system. Based on this condition, constraint 

identification is very important and decisive step to improve system performance.  

 

Having been applied successfully in manufacturing, the concept of TOC started to be 

adopted, modified, and applied in the services sector. Siha (1999) focused on translating 

some of the vocabulary contained in the TOC to be used in the service industry. Ronen 

et al (2006) translated vocabulary of raw materials and Work in Process (WIP) that is 

commonly used in manufacturing to the service sector. In the health service, according 

to Ronen, raw material is the customer or good that is awaiting of service, while WIP 
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is the customer or the product being serviced. Furthermore, Ronen define inventory in 

the services sector as the number of WIP. 

 

Group (2012) applied the TOC concept in the home care services. According to Groop, 

to adopt TOC in the service sector successfully, some characteristic differences 

between manufacturing and service industries needs to be identified first. Based on this, 

Groop checked out some differences in the characteristics of the processes contained in 

the services sector and examined its impact on the applicability of TOC. The result of 

Groop's study showed that TOC can provide a systematic framework to identify and 

resolve the factors that inhibit productivity in the field of home care services.  

 

Ellis (2011) also developed a method to improve service operations by using TOC. In 

hist study, Ellis used simulation methods based on TOC in airline operating turnaround. 

From his research, Ellis found that factors limiting the airline turnaround operations to 

increase productivity is the shortage of human resources at certain times. By using the 

principles of TOC, Ellis proposed a new way to deploy a limited labors into the system. 

Ellis research results showed that by modifying the TOC concepts and develop new 

methods for identifying constraints. 

 

 

3. RESEARCH METHODS 

To be able to identify the constraint of sea transport system, this study undertakes these 

following steps: 

1. Building a model reflecting the mechanism of works in the sea transportation 

system 

2. Identifying factors in the sea transportation system that significantly influence 

the efficiency of the transport 

3. Identifying the constraints in the sea transportation system. 

4. Testing the impact of any constraint on the efficiency of sea transportation 

system  

 

Sea transportation system that was used as a case study in this research is a 

transportation system in PT X, which is a company engaged in the business of oil and 

gas. PT X has a department/business unit that provides freight transportation services. 

In addition, PT X also has a business unit that acts as a ship owner, ship charterer, ship 

operators, ship managers, cargo owner, port owner and port operator.   

This study is limited to freight carried by ship type Small Tanker DWT capacity of 

approximately 3,500. In addition, the transport is also limited for the same routes and 

modes of transportation single loading and discharge.   

 

3.1. Factors Affecting Sea Transportation System Efficiency 

To identify factors that significantly influence the efficiency of the system, this study 

collected candidates of dependent variable through the synthesis of several studies. 

Based on the results of the literature review, several factors that may affect the 

efficiency of sea transportation system are summarized as in Table 1. 
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Table 1: Significant Factors of Sea Transportation System 

 

No Factor Researcher 

1 Vessel speed Gkonis dan Psaraftis (2004) 

2 Distance Micco dan Perez (2002) 

3 Load Factor Varbanova (2004) 

4 Cargo mix Tongzon (1994) 

5 Vessel size Tongzon (1994) 

6 Port Efficiency Micco dan Perez (2002) 

 

 

Table 2: Result Breakdown for Port Efficiency Factors 

 

No Factor Researcher 

1 Congestion  Tongzon (2004) 

2 Availability of marine facilities  Caldeirinha et al (2002) 

3 
Availability of loading and discharge facilities  Caldeirinha et al (2002) 

 

4 Pumping performance Varbanova (2004) 

5 Administrative process Caldeirinha et al (2002) 

6 Planning effectiveness Caldeirinha et al (2002) 

7 Environment condition Varbanova (2004) 

8 Availability of human resource  Caldeirinha et al (2002) 

9 Vessel condition Varbanova (2004) 

 

 

Port efficiency is a candidate that is difficult to measure directly, so it needs further 

elaboration. Several candidates of port efficiency determinants are summarized in  

Table 2. 

 

Although several studies have been conducted to identify the factors that influence the 

efficiency of marine transportation, the significance of these factors on the efficiency 

contained in PT. X has not been not known. Therefore, these factors need to be 

examined further. What distinguishes this study with other studies that have been done 

before is that this study sought to investigate all the components of the marine 

transportation system as a whole by using the concept of TOC in order to identify 

system components which limit system performance improvement. 
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3.2. Sea Transportation Model 

To determine the factors that significantly influence the performance of the marine 

transportation system and identify the constraint contained in it, several models have 

been built. 

 

3.2.1. Model of Transportation 

Marine transportation model built in this study illustrates the general condition of the 

sea transport activity contained in PT. X. In general, the model is as Figure 2: 

 

 
Figure 2: Marine Transportation Model 

 

𝑄 = 𝑛 𝑥 𝐶𝑎𝑝 𝑥 𝑙𝑓 𝑥 𝑅𝑇𝑃𝐴 …………..…..…..(1) 

RTPA =
𝑂𝐷

𝑅𝑇𝑟𝑖𝑝
 

…………..…..…..(2) 

Freq =
𝑅𝑡𝑟𝑖𝑝

𝑛
 

…………..…..…..(3) 

Rtrip = 𝑇𝑠𝑒𝑎 + 𝑇𝑝𝑜𝑟𝑡 …………..…..…..(4) 

  = 
𝑑𝑖𝑗

𝑉
+ 𝑇𝑝𝑜𝑟𝑡𝐴 + 𝑇𝑝𝑜𝑟𝑡𝐵 

…………..…..…..(5) 

Cap    =  𝑀𝑎𝑥 {𝑄𝑖𝑗, 𝑄𝑗𝑖}     …………..…..…..(6) 

0 ≤ 𝑙𝑓 ≤ 100%  

where 

Tsea : Length of time at sea 

Tport : Length of time in port 

Q : Volume of cargo transported 

n : Given parameter 

Cap : Vessel capacity 

Lf : Load factor 

RTPA : Number of voyage 

OD : Time span 

Rtrip : Length of time from ship loading, sailing, discharging, and returning 

to the port of loading 

V : Vessel speed 

dij : Distance of port A to port B 

 

 

Port A Port B 

V 

dij 

Tport A Tsea TportB 

Q Q 

i j 

R - O R - D 
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Marine transportation system on PT. X is intended to deliver cargo from loading port 

to the discharging port. The volume of cargo that needs to be transported is given. To 

meet the demand of cargo transportation during specific time span, the performance of 

marine transportation system in PT. X is influenced by the capacity of the vessel, freight 

load factor, and the time duration of the ship at sea and in port. The time duration of 

ship at sea is determined by the distance from the port of loading to the port of discharge 

and vessel speed, while the time duration of time ship in port is determined by several 

derived factors. 

 

Marine transportation system performance in PT. X is said to have high efficiency when 

the system can meet the demand of Q volume cargo transport with the lowest possible 

cost. Assuming that the cost of transportation is proportional to the time span, the 

performance of the system will be more efficient when cargo can be transported in a 

shorter time span. Because demand is given and vessel capacity has been restricted for 

Small Tanker ship type, then the efficiency of the system will be determined by the load 

factor, the length of time a ship at sea, and the time duration of ship in port. The greater 

the length of time a ship at sea and in the port, the voyage number will be even greater. 

This will impact on the higher cost.  

Process map of the marine transportation system in PT. X in the context of TOC can be 

seen in Figure 3. 

 

Loading in 
Port A

Sailing at 
Sea

Discharging 
in Port B

Q1/t

Q3/t Q4/tQ2/t

Q5/t

 
 

Figure 3: Process Map of the Marine Transportation System 

 

 

According to Figure X, Q1 is the volume of cargo that needs to be transported by PT. 

X in the time span t. Q5 is the actual cargo volume be transported on a time span t. Q2 

and Q4 represent volume of cargo that can be handled by Port A and Port B in loading 

and discharge process during time span t. Q3 is the volume of cargo that can be 

transported by ship at sea during the time span t. In the context of the TOC, marine 

transportation system performance can be seen from the actual cargo volume 

transported on a time span t. In this case, Q5 is limited by the performance of the process 

of loading in Port A (Q2), the performance ship at sea (Q3), and the performance of the 

discharge process in Port B (Q4). 

 

Assuming that a series of activities contained in the loading process resembles a series 

of activities in the discharge process, then the process map of marine transporation 

system in PT. X can be seen in Figure 4. 
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Figure 4: Detail Process Map of Marine Transportation System 

 

 

Based on the detailed process map, it can be seen that each process involves resources 

with the different units of measure. To identify system constraints, each unit of measure 

needs to be converted to standard measure. Since both the demand and the output of the 

system are in the form of volume of cargo transported during specific time span (Q/t), 

then each process should be converted in that form (Q/t). 

 

3.2.2. Relationship Between Transport Efficiency and Candidates Factors Based on 

Linear Regression Model 

After the factors that may influence the efficiency of marine transportation have been 

identified and sea transport models have been formulated, the next step is to create a 

linear regression model to test the significance of each candidate to the transport 

efficiency. 

 

This study is limited to tankers of the same type, the same types of products (clean 

product), and the same transport route. Therefore, the distance factor, Cargo Mix and 

Vessel Size will not be tested on a linear regression model. 

The linear regression equation is as follows: 

 

Y=aX1+bX2+cX3+dX4+eX5+fX6+gX7+hX8+iX9+jX10+kX11+l …...... (10) 

 

Where: 

 

Table 3: Variables of Linear Regression Equation 

 

Var. Description Original Unit Converted Unit 

Y Transport Efficiency  Cargo Volume Transported 

Q During Time Span t 

NA 

X1 Vessel speed  Knots Effect on cargo volume 

transported during time span 

t 

X2 Load factor  Percent 

X3 Congestion  Idle time duration 

Sailing at 
Sea

Steaming 
In

Berthing Clearance
Laboratory 

Test
Discharging

Tank 
Inspection

Cargo 
Calculation

Document 
Processing

Vessel Speed Port Draft Jetty Human & Lab Human Pumping Rate Human Human

Knot Metre Unit Ship/Day Ship/Day Ship/Day CuM/Hour Ship/Day Ship/Day

PROCES MAP

RESOURCES

ORIGINAL
CAPACITY
MEASURE

Unberthing
Steaming 

Out

HumanHuman

Ship/Day

CONVERTED
CAPACITY
MEASURE

Litre/Day Litre/Day Litre/Day Litre/Day Litre/Day Litre/Day Litre/Day Litre/Day Litre/Day Litre/Day
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X4 Availability of marine 

facilities  

Idle time duration 

X5 Availability of loading and 

discharging facilities  

Idle time duration 

X6 Pumping performance CuM/Hour 

X7 Administrative process Time Duration 

X8 Planning effectiveness Idle time duration 

X9 Availability of human 

resource 

Idle time duration 

X10 Vessel condition Idle time duration 

X11 Coefficients NA NA 

 

The relationship between those factors and system efficiency is tested by using 

coefficient of determination, correlation coefficients, and significance tests. 

 

 

4. RESULTS AND DISCUSSIONS 

4.1. Actual Process Distribution 

Specific real voyage data was used with their respective attributes to measure 

performance in the system. The average of actual port time at PT. X for small tanker 

type is 50.9 hours. According to the standard port time table set by PT. X, the port time 

for small tanker should be 34 hours. The histogram chart of port time and descriptive 

statistics in PT. X is as Figure 5: 

 

 
 

Figure 5: Histogram Chart of Actual Port Time 
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Figure 6: Histogram Chart of Actual Sailing Time 

 

 

Based on the histogram and the descriptive statistics, it can be seen that the actual port 

time for Small Tanker in PT. X is higher than a predetermined standard. 

The histogram chart and descriptive statistics for sea time in the PT. X is as Figure 6. 

Based on the existing descriptive statistics, the average sailing time for a particular 

route was 34 hours. If the standard speed is 10 knots and the distance for the route is 

360 Nautical Miles, the standard ship sailing time is 36 hours. It can be seen that the 

average actual sailing time in PT. X can meet the standards set time. 

 

4.2. Capacity Measurement 

The capacity measurement of marine transportation system in PT. X is as Table 4: 

 

Table 4: Capacity Measurement of Marine Transportation System 

 

 
 

Value Unit Value Unit

Sailing Speed 11          Knots 18,480   KL/Day

Steaming in Draft 4.5 Meter 10,739   KL/Day

Berthing Jetty 2 Unit 2,016     KL/Day

Clearance Human 12 Ships/Day 50,400   KL/Day

Laboratory Test Human 12 Ships/Day 50,400   KL/Day

Discharging Pump and Pipe 400 CuM/Hour 9,600     KL/Day

Tank Inspection Human 8 Ships/Day 33,600   KL/Day

Document Processing Human 8 Ships/Day 33,600   KL/Day

Unberthing and Steaming OutHuman 6 Ships/Day 25,200   KL/Day

Original Unit Converted Unit

ResourceProcess
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4.3. Dominant Factors Influencing System Efficiency  
The result of a linear regression model run by using SPSS software is as Table 5: 

 

Table 5: The Result of a Linear Regression Model 

 

 
 

 

 

Table 6: ANOVA Table: Calculation Result 

 

 
 

 

Based on the model summary, it can be seen that the correlation between the 

independent variables and the efficiency is equal to 0.878. It indicates a very strong 

positive correlation. The variation of the efficiency 77% can be explained by the 

independent variables. 

 

From Table ANOVA, it can be seen that the model constructed is highly statistical 

significant in predicting the outcome variable. It can be seen from the p-value that is 

under 0:05 as Table 6. 

 

Meanwhile, the relationship between each factor on the system efficiency can be seen 

in the coefficient Table 7: 
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Table 7 Coefficient Table 

 

 
 

 

Based on the coefficient table, it can be seen that factors that have significant influence 

on the efficiency of sea transport are congestion, pumping, and load factor whose p-

value are under 0.05. 

 

4.4. Identification of System’s Constraint 

Considering sea transportation system is a complex system where there are a lot of 

resources involved, this study only analyzed factors that have significant effect on the 

efficiency. Resources directly related to congestion, pumping, and load factor are jetty 

capacity, cargo capacity pump, and port draft accordingly. 

Based on the process map showd in Figure 7, jetty contained in PT X can only handle 

2,016 KL/Day. Meanwhile, cargo pump in PT. X can only handle cargo number 9,600 

KL/Day. With a 4.5 meter draft port, the system in PT. X only can handle the load as 

much as 10.739 KL / Day. From the results of process map, the main constraint that 

limit the performance of the system is jetty capacity used in berthing process. 

 



186 Mulyono, Djauhar Manfaat and Tri Achmadi 

 
 

Figure 7: Process Map of Sea Transportation System 

 

 

4.5. The Impact of Constraint on Sea Transportation System Performance 

Referring to Ronen and Spector (1991), jetty capacity in PT. X can be categorized as 

internal plausible constraint. Based on real operational data and simulations based on 

future demand, the current limitations of existing jetty at the port X impact on the high 

frequency of congestion. In current situation, the frequency of congestion for one year 

in the PT. X is 160 times.  

 

The results of the congestion simulation performed by using the models of ship’s arrival 

and the ship service time model for the next 10 years at PT. X is as Table 8: 

 

Table 8: Ship Service Time Model for the Next 10 Years 

 

Year Total Ship 

Arrival 

Congestion  

Per Month (Day) 

Congestion  

Per Year (Day) 

1 400 11 132 

2 430 15 180 

3 462 19 228 

4 497 24 288 

5 534 29 348 

6 574 34 408 

7 617 40 480 

8 663 46 552 

9 713 53 636 

10 766 60 720 



Applying Theory of Constraint to Identify the Constraint of Marine Transportation System 187 

Table 9 Calculation Result of Operating Expense 

 

 
 

 

The operating expense of PT. X calculated based on simulation result of the future 

demand is as Table 9. 

 

Based on the simulation results, it can be seen that the share of congestion to the 

operational expense of in PT. X will continues to increase from year to year if the 

constraint is not improved. 

 

 

4.6. Constraint Elevation 

One method proposed by Ronen and Spector (1991) to overcome system constraint is 

by analyzing the marginal return on investment if constraint is elevated through 

investment activities. In this study, this step is carried out by using simulation method 

based on transportation model, ship’s arrival model, and service time model developed 

before. The classic indicator that can be used to evaluate the result of investment is 

Operating Expense. The formula of operating expense is as follows: 

 

Operating Expense = Vessel Expense + Port Cost 

 

If the simulation is carried out without considering shipment demand growth, the most 

optimal expansion scenario of jetty capacity elevation is adding the number of jetty to 

be three units. Hence, the operating expense for such scenario is 64 billion rupiah. If 

the simulation considers the transport demand growth, the optimum solution is 

increasing jetty capacity by 150% to five units.  

Year  
Throughput 

(Liter) 

Congestion 

Cost (IDR) 

Total 

Operating 

Expense (IDR) 

Persentase 

Congestion 

Cost  

0 1,026,602,448 7,419,141,652 69,492,361,345 11% 

1 1,103,597,632 10,586,268,785 74,704,288,445 14% 

2 1,186,367,454 13,409,273,794 80,307,110,079 17% 

3 1,275,345,013 16,938,030,056 86,330,143,335 20% 

4 1,370,995,889 20,466,786,318 92,804,904,085 22% 

5 1,473,820,581 23,995,542,579 99,765,271,891 24% 

6 1,584,357,124 28,230,050,094 107,247,667,283 26% 

7 1,703,183,909 32,464,557,608 115,291,242,329 28% 

8 1,830,922,702 37,404,816,374 123,938,085,504 30% 

9 1,968,241,904 42,345,075,140 133,233,441,917 32% 

10 2,115,860,047 47,991,085,159 143,225,950,061 34% 
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4.7. Implementing Investment Efficiency Ratio for Selecting Optimum Solutions 

As the results of the simulation, several improvement scenarios of the marine 

transportation system in PT. X are able to improve the performance of the system. If 

the budget is unlimited, the stakeholders of marine transportation system in PT. X can 

implement all of improvement scenarios, so that the performance of the system can 

simultaneously be improved. Nevertheless, in fact, the investment activity always has 

a limited of funds. Therefore, this study has formulated Investment Efficiency Ratio in 

order to show the ratio between the results obtained from investing activities with 

efforts or costs incurred on investments. 

 

The relationship between the annual operational costs reduction of marine 

transportation system in PT. X with the amount of money invested to increase the 

capacity constraint that is done by simulating ceteris paribus can be seen in Figure 8. 

 

 
 

Figure 8: Investment Efficiency Ratio 

 

 

Based on the figure above, effect size of jetty investment is 2.3, which means that for 

every unit of money invested into the jetty, then the impact of decreasing in operating 

expenses amounted to 2.3 units of money. 

 

 

5. CONCLUDING REMARKS 

Based on this study result, it can be concluded that TOC can be applied properly in the 

sea transportation system field by adopting, modifying, and creating new methods to 

implement this concept. Before the constraint can be identified, sea transporsi system 

should first be modeled based on TOC. In addition, units of measures also need to be 
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converted into a single measure so that the performance of the system can be analyzed 

in aggregate. In this study, the standardized and converted unit to measure the system 

resource is Liter per Day. 

 

Once the model and unit conversion are built, constraints identification which is the 

first step on the five focusing steps in TOC can be done by combining several statistical 

tools such as linear regression, modeling the ship’s arrival based Poisson function, 

ship’s service time modeling based on Erlang functions, and load analysis technique by 

using Cost Utilization Diagram. 

 

The results of the literature study showed that factors that may have impact on sea 

transportation system efficiency are vessel's speed, load factor, congestion, availability 

of marine facilities, availability of loading and discharging facilities, pumping 

performance, administrative process, planning effectiveness, availability of human 

resource, and vessel condition. These factors have been tested by using linear regression 

model and PT. X ship’s operational data. Statistical test results further indicate that 

congestion, load factor, and pumping performance are factors that significantly affect 

the efficiency of marine transportation. 

 

Using the process map and load analysis by using Cost/Utilization diagram introduced 

by Ronen and Spector (1992), it can be seen that the constraints of marine transportation 

system in PT. X is the limited jetty capacity. Jetty limitation impacts on the high cost 

of congestion, so PT. X must pay greater operational cost to provide sea transportation 

services for their customers. 

 

To handle the constraint, constraint elevation simulation was carried out. By 

implementing Investment Efficiency Ratio, effect size of jetty investment is 2.3, which 

means that for every unit of money invested into the jetty, then the impact of decreasing 

in operating expenses amounted to 2.3 units of money. 

 

 

RECOMMENDATION 

Research can be further carried out to determine the impact of investment of other 

resources after the jetty capacity constraint has been removed. In addition, the 

framework used in this study can also be applied in other system to determine the 

generality of the results. 
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